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by the program without derogating
safety, adversely affecting the efficient
use and management of the navigable
airspace and air traffic control systems,
or adversely affecting other powers and
responsibilities of the Administrator
prescribed by law.

Specific limitations with respect to
FAA’s approval of an airport noise
compatibility program are delineated in
FAR part 150, 150.5. Approval is not a
determination concerning the
acceptability of land uses under Federal,
state, or local law. Approval does not by
itself constitute an FAA implementing
action. A request for Federal action or
approval to implement specific noise
compatibility measures may be
required, and an FAA decision on the
request may require an environmental
assessment of the proposed action.
Approval does not constitute a
commitment by the FAA to financially
assist in the implementation of the
program nor a determination that all
measures covered by the program are
eligible for grant-in-aid funding from the
FAA. Where federal funding is sought,
requests for project grants must be
submitted to the FAA regional office in
Hawthorne, California.

The Santa Barbara Airport submitted
to the FAA on April 8, 2004, the noise
exposure maps, descriptions, and other
documentation produced during the
noise compatibility planning study
conducted from March 2004 through
January 2005. The Santa Barbara Airport
noise exposure maps were determined
by FAA to be in compliance with
applicable requirements on June 28,
2004. Notice of this determination was
published in the Federal Register on
July 2, 2004 (69 FR 40452).

The Santa Barbara Airport study
contains a proposed noise compatibility
program comprised of actions designed
for phased implementation by airport
management and adjacent jurisdictions
from January 2005 to (or beyond) the
year 2008. It was requested that the FAA
evaluate and approve this material as a
noise compatibility program as
described in section 47504 of the Act.
The FAA began its review of the
program on August 3, 2005 and was
required by a provision of the Act to
approve or disapprove the program
within 180 days (other than the use of
new or modified flight procedures for
noise control). Failure to approve or
disapprove such program within the
180-day period shall be deemed to be an
approval of such program.

The submitted program contained
twenty (20) proposed actions for noise
mitigation on and off the airport. The
FAA completed its review and
determined that the procedural and

substantive requirements of the Act and
FAR Part 150 have been satisfied. The
overall program, therefore, was
approved by the FAA effective January
27, 2006.

Outright approval was granted for one
Noise Abatement element, ten Land Use
Management elements and all four
Program Management elements. Three
Noise Abatement elements were
disapproved and one element required
no federal action. One Land Use
Management element was disapproved
in part pending submission of
additional information. The approved
measures included such items as:
Promote use of Aircraft Owners and
Pilots Association Noise Awareness
Steps by light single and twin-engine
aircraft; Encourage Santa Barbara
County to enact the noise overlay
zoning recommendations contained
within County’s general plan; Encourage
the City of Goleta to incorporate land
use regulations or restrictions within the
Airport Influence Area; Encourage the
Santa Barbara County Association of
Governments to revise the Airport Land
Use Plan; City of Santa Barbara should
adopt project review guidelines to
specify noise compatibility criteria for
development within the Airport
Influence Area; Maintain the current
compatible land use zoning within the
2008 65 Community Noise Equivalent
Level (CNEL) noise contour; City of
Santa Barbara should enact overlay
zoning to provide noise compatibility
use standards within the Airport
Influence Area; Encourage the City of
Goleta and Santa Barbara County to
require noise and avigation easements
as a condition of subdivision approval
for those areas contained within Zones
One, Two and Three of the proposed
zoning ordinance; City of Santa Barbara
should amend its current building codes
to incorporate prescriptive noise
standards and encourage the City of
Goleta and Santa Barbara County to
incorporate similar building code
amendments; Consideration should be
given to establishing a voluntary
acquisition program for dwellings
located within the 65 to 75 CNEL;
Consideration should be given to
voluntary acquisition of the residential
development rights for portions of two
large parcels located east of the airport;
Continue noise abatement information
program; Update and expand noise and
flight track monitoring system; Monitor
implementation of the updated Part 150
Noise Compatibility Program and
Update Noise Exposure Maps and Noise
Compatibility Program, as necessary, at
minimum every seven to ten years to

respond to the changing conditions in
the local area and the aviation industry.

These determinations are set forth in
detail in the Record of Approval signed
by the Associate Administrator for
Airports on January 27, 2006. The
Record of Approval, as well as other
evaluation materials and the documents
comprising the submittal, are available
for review at the FAA office listed above
and at the administrative offices of the
Santa Barbara Airport. The Record of
Approval also will be available on-line
at: http://www.faa.gov/
airports_airtraffic/airports/
environmental/airport_noise/.

Issued in Hawthorne, California on March
8, 2006.
Mark A. McClardy,
Manager, Airports Division, Western—Pacific
Region, AWP-600.
[FR Doc. 06—2666 Filed 3—20—-06; 8:45 am]
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Committee; Transport Airplane and
Engine Issue Area—New Task

AGENCY: Federal Aviation
Administration (FAA), DOT.

ACTION: Notice of new task assignment
for the Aviation Rulemaking Advisory
Committee (ARAC).

SUMMARY: The FAA assigned a new task
to the Aviation Rulemaking Advisory
Committee to develop a
recommendation that will help the FAA
establish standardized criteria and
guidance for conducting airplane-level
safety assessments of critical systems.
This notice is to inform the public of
this ARAC activity.

FOR FURTHER INFORMATION CONTACT: Linh
Le, Federal Aviation Administration,
Transport Airplane Directorate (ANM—
117), Northwest Mountain Region
Headquarters, 1601 Lind Ave., SW.,
Renton, WA 98055—4056; telephone:
(425) 227-1105; fax: 425-227-1320;
e-mail: linh.le@faa.gov.

SUPPLEMENTARY INFORMATION:

Background

The FAA established the Aviation
Rulemaking Advisory Committee to
provide advice and recommendations to
the FAA Administrator on the FAA’s
rulemaking activities for aviation-
related issues. This includes obtaining
advice and recommendations on the
FAA’s commitments to harmonize Title
14 of the Code of Federal Regulations
(14 CFR) with its partners in Europe and
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Canada. Previous ARAC harmonization
working groups (Flight Controls,
Powerplant Installations, and Systems
Design and Analysis) produced varying
recommendations regarding the safety of
critical airplane systems. Although the
subject of specific risk analysis was
addressed in those working groups, the
recommendations were not consistent.
Regulations developed from within the
FAA also provide approaches different
from those recommended by ARAC. The
term “‘specific risk” refers to the risk to
which an airplane is exposed under
certain conditions (for example, after a
latent failure), as distinguished from
average risk.

If these different approaches are
applied on a typical certification
project, they could result in
nonstandardized system safety
assessments across various critical
systems. This could cause conflicting
interpretations for conducting system
safety assessments in future airplane
certification programs. After reviewing
the existing regulations and the
recommendations from the various
harmonization-working groups, the FAA
Transport Airplane Directorate, along
with the European, Canadian, and
Brazilian civil aviation authorities,
identified a need to clarify and
standardize safety assessment criteria.
The FAA decided to use a new ARAC
tasking to integrate the safety
assessment criteria from various system
disciplines. In July 2005, an industry
group comprised of the Aerospace
Industries Association (AIA), General
Aviation Manufacturers Association
(GAMA), and several airplane and
engine manufacturers, proposed a new
tasking. The FAA agrees with the
industry group proposal, and has based
this tasking on that proposal. ARAC will
address the task under the Transport
Airplane and Engine (TAE) Issues
Group.

The Task

This tasking will direct ARAC to
provide information about specific risk
assessment and make recommendations
for revising requirements or guidance
material as appropriate. The TAE Issues
Group will establish a new ““Airplane-
level Safety Analysis Working Group”
(ASAWG) to perform the following
tasks:

Task 1

The ASAWG will establish a
definition for specific risk. It will
provide relevant examples of its
application in today’s airplane
certification, FAA Flight Operations
Evaluation Board (FOEB), and
Maintenance Review Board (MRB)

activities. These examples will aid in
the correct and concise understanding
of specific risk.

Task 2

The ASAWG will review the
background and intent of relevant
existing requirements, existing guidance
material, and ARAC recommendations
and explain how specific risk is
addressed. In Task 2, the ASAWG will
document all current and proposed
approaches to specific risk but will not
establish how specific risk should be
assessed. The outcome of this task will
be a report describing how specific risk
is currently assessed and managed, by
currently available regulatory guidance
and by actual practice in recent
certification programs. The report will
also address how any regulations and
associated guidance material proposed
by ARAC would manage specific risk.
For the relevant ARAC proposals, the
report will include the intended
improvements and safety benefits of the
recommended changes. The approaches
and rationale used in airplane-level
safety analysis for the following aspects
will be reviewed and documented in the
report:

Latent Failures

The Task 2 report will document
acceptance criteria for the “‘significant
latent failures” highlighted in paragraph
9.c.6 of the proposed ARAC Advisory
Circular (AC) 25.1309—Draft
ARSENAL version,” dated 6/10/2002.
The report will document the following
aspects:

1. Criteria used for selecting failure
conditions worthy of consideration (for
example, significant latent failure
conditions that are not extremely remote
as cited in 14 CFR 25.981.)

2. Acceptability of the next most
critical failure on safe operation. As part
of this consideration, the report will
document the approach used to
establish whether a significant latent
failure should be allowed to leave the
airplane one failure away from a
catastrophic condition. If it is allowable,
the report will identify the acceptance
criteria. Examples of acceptance criteria
may be critical component integrity
criteria and instructions for continued
airworthiness that will include a
standard procedure for identification
and control of the maintenance tasks
required to periodically check the status
of the latent failure.

3. Failure probability assumptions
and methods of substantiation

4. Criteria for determining allowable
exposure times

5. Criteria for limiting the exposure
times

Master Minimum Equipment List
(MMEL)

The report will document the
approaches to determine:

1. Acceptability of next most critical
failure on safe operation

2. Crew limitations and procedures

3. Reliability of critical components

4. Allowable exposure time

Airplane Configuration, Flight
Conditions and Design Variations

Flight phase.

Maximum flight time vs. average
flight time.

Average diversion time vs. maximum
allowed diversion time.

Task 3

The ASAWG will review the results of
Tasks 1 & 2 and determine the
appropriateness and adequacy of
existing and proposed airworthiness
standards for airplane-level safety
analysis. This task will demonstrate if a
more consistent approach across
systems is necessary. The ASAWG will
report its findings from Task 3 to the
TAE Issues Group. Concurrence from
the TAE Issues Group and the FAA is
required before continuing to Task 4.

Task 4

The ASAWG will develop a report
containing recommendations for
rulemaking or guidance material and
explain the rationale and safety benefits
for each proposed change. The report
will define a standardized approach for
applying specific risk in the appropriate
circumstances. The FAA will define the
report format to ensure the report
contains the necessary information for
developing a Notice of Proposed
Rulemaking (NPRM), and/or ACs. Task
4 is contingent on the results of the
analyses done in Task 3.

If an NPRM or proposed AC is
published for public comment as a
result of the recommendations from this
tasking, the FAA may ask ARAC to
review all public comments received
and provide a recommendation for
disposition of comments for each issue.

Schedule

1. The ASAWG will submit a report
with the results from its Task 1 activity
to the TAE Issues Group no later than
August 21, 2006.

2. The ASAWG will submit a report
with the results of its Task 2 activity to
the TAE Issues Group no later than
February 21, 2007.

3. A report describing the results of
Task 3 from ASAWG to TAE Issues
Group is required no later than
November 21, 2007.



14286

Federal Register/Vol. 71, No. 54/Tuesday, March 21, 2006/ Notices

4. The final report containing the
ASAWG’s recommendations to the FAA
is required no later than May 21, 2008.

Completion of this task is required no
later than May 21, 2008. Any deviations
from this schedule must be requested by
the ASAWG and approved by the TAE
Issues Group.

ARAC Acceptance of Task

ARAC accepted the task and assigned
it to the TAE Issues Group’s newly
formed ASAWG. The working group
serves as staff to ARAC and assists in
the analysis of assigned tasks. ARAC
must review and approve the working
group’s recommendations. If ARAC
accepts the working group’s
recommendations, it will forward them
to the FAA. The FAA will submit the
recommendations it receives to the
agency’s Rulemaking Management
Council to address the availability of
resources and prioritization.

Working Group Activity

The ASAWG must comply with the
procedures adopted by ARAC. As part
of the procedures, the working group
must:

1. Recommend a work plan for
completion of the task, including the
rationale supporting such a plan for
consideration at the next meeting of the
TAE Issues Group held following
publication of this notice.

2. Give a detailed conceptual
presentation of the proposed
recommendations before continuing
with the work stated in item 3 below.

3. Draft the appropriate documents
and required analyses and/or any other
related materials or documents.

4. Provide a status report at each
meeting of the ARAC TAE Issues Group.

Participation in the Working Group

The ASAWG will be comprised of
technical experts having an interest in
the assigned task. A working group
member need not be a representative or
a member of the TAE Issue Group. The
ASAWG membership will have broad
system safety experience. As needed,
the ASAWG may organize, oversee,
guide, and monitor the activities and
progress of task groups comprised of
subject matter experts (SMEs). A task
group member needs not be a
representative or a member of the full
ASAWG. The ASAWG Chair will select
the membership for both the ASAWG
and its task groups, with concurrence of
the TAE Issues Group Assistant Chair
and TAE Issues Group Assistant
Executive Director. The SMEs will
address individual issues and will be
invited to present their views and
positions for consideration by the task

groups or by the ASAWG. This allows
for an optimum ASAWG group size
with appropriate representation to
achieve informed consensus and foster
successful completion of the task. This
also allows the participation of a large
number of cross-functional SMEs, such
as those from the Systems, Flight
Controls, Powerplants, Structures, and
Flight Operations harmonization
working groups. The ASAWG members
should have the appropriate subject
matter knowledge, broad system safety
experience and responsibility within
their organization, and authority to
represent their respective part of the
aviation community. ASAWG members
should:

1. Have proven proficiency in
airplane system safety and failure
analysis methodologies;

2. Have the appropriate knowledge to
evaluate the likely impacts on safety,
airplane system designs, manufacturing,
operation, and maintenance following
adoption of any relevant ARAC
recommendation;

3. Have proficient knowledge of
existing methods of compliance to one
or more of the following relevant
sections of 14 CFR: 25.671, 25.901,
25.933, 25.981, 25.1309, 25.1529, 33.28,
33.75, including JAR MMEL/MEL 0-10;
and

4. Have a commitment to
communicate with interested parties to
establish a common understanding of all
issues, and facilitate developing
consensus explanations.

Task Group Members Should:

1. Have proven proficiency in
airplane system safety and failure
analysis methodologies;

2. Have hands-on experience in
existing methods of compliance to one
or more of the relevant sections of 14
CFR listed above; and

3. Have the appropriate backgrounds
to explain to the ASAWG the rationales
behind one or more of the relevant
ARAC proposals (25.671, AC 25.901X,
AC 25.933X, AC 25.1309—“Draft
ARSENAL version,” 33.75) as they
pertain to latent failures and the MMEL.

Invited experts should have the
knowledge appropriate to the subjects of
interest, as determined by the task
groups or ASAWG.

In addition to industry representatives
and the FAA, representatives from the
European Aviation Safety Agency
(EASA), Brazil’s Centro Técnico
Aeroespecial (CTA), and Transport
Canada Civil Aviation (TCCA) are
invited to participate. The working
group and task group membership and
size will be optimized to ensure
credibility of representation and to

facilitate efficiently accomplishing the
tasking.

If you have expertise in the subject
matter and wish to become a member of
the working group, contact the person
listed under the caption FOR FURTHER
INFORMATION CONTACT. Describe your
interest in the task and state the
expertise you would bring to the
working group. We must receive all
requests by April 25, 2006. The assistant
chair, the assistant executive director,
and the working group chairs will
review the requests and advise you
whether your request is approved.

If you are chosen for membership on
the working group, you must represent
your aviation community segment and
actively participate in the working
group by attending all meetings and
providing written comments when
requested to do so. You must devote the
resources necessary to support the
working group in meeting any assigned
deadlines. You must keep your
management chain and those you may
represent advised of working group
activities and decisions to ensure the
proposed technical solutions don’t
conflict with your sponsoring
organization’s position when the subject
being negotiated is presented to ARAC
for approval. Once the working group
has begun deliberations, members will
not be added or substituted without the
approval of the assistant chair, the
assistant executive director, and the
working group chair.

The Secretary of Transportation
determined that the formation and use
of the ARAC is necessary and in the
public interest in connection with the
performance of duties imposed on the
FAA by law.

Meetings of the ARAC are open to the
public. Meetings of the ASAWG will not
be open to the public, except to the
extent individuals with an interest and
expertise are selected to participate. The
FAA will make no public
announcement of working group
meetings.

Issued in Washington, DC, on March 14,
2006.
Anthony F. Fazio,

Executive Director, Aviation Rulemaking
Advisory Committee.
[FR Doc. E6—4024 Filed 3—20-06; 8:45 am]|
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East Hartford, CT 06108 A United Technologies Company

May 11, 2010

Federal Aviation Administration
800 Independence Avenue, SW
Washington, D.C. 20591

Attention:  Ms. Margaret Gilligan, Associate Administrator for Aviation Safety

Subject: ARAC Recommendation, Airplane-Level Safety Analysis Working
Group

Reference: ARAC Tasking, Federal Register, March 21, 2006

Dear Peggy,

The Transport Airplane and Engine Issues Group and the Airplane-Level Safety
Analysis Working Group are pleased to submit the attached report and
associated proposals for new regulatory language and advisory material to the
FAA as an ARAC recommendation. This report addresses the referenced tasking
to provide information about specific risk assessments. Specific areas addressed
in the report include Latent failures, Aging & Wear, MMEL and Flight and
Diversion Time. The Working Group had consensus in the areas of Aging & Wear
and MMEL. The Flight and Diversion Time area had one dissenting opinion in the
WG, while in the area of Latent failures there were 7 dissenting opinions. These
are clearly documented in the report. The report was unanimously approved by
TAEIG for transmittal to the FAA at our April 14, 2010 meeting.

The Working Group strongly recommends that all of the recommendations be
implemented as a “package” in order to achieve the benefit of the proposed
revisions and that the changes are intended to be applied to new TC or STC
projects and not retroactively. There are also several recommendations from the
Working Group for follow-on activity that was beyond the scope of this task.

I would like to express my thanks to the entire working Group and the co-chairs
for the extraordinary work that was done on this very difficult and challenging
task.



Sincerely yours,

iy R B

C. R. Bolt
Assistant Chair, TAEIG

Copy: Mike Kaszycki — FAA-NWR
Roger Knepper — Airbus
Ed Wineman - Gulfstream
James Wilborn — FAA-NWR
Suzanne Masterson — FAA NWR
Ralen Gao — FAA-Washington, D.C. — Office of Rulemaking
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U.S. Department 800 Independence Ave., SW.
of Transportation Washington, DC 20591
Federal Aviation

Administration

Mr. Craig R. Bolt

Assistant Chair, Aviation Rulemaking
Advisory Committee

Pratt & Whitney

400 Main Street, Mail Stop 162-14

East Hartford, CT 06108

Dear Mr. Bolt:

This is in reply to your May 11, 2010 letter. Your letter transmitted to the FAA the Aviation
Rulemaking Advisory Committee’s (ARAC) recommendations regarding specific risk
assessments in the areas of Latent failures, Aging & Wear, MMEL and Flight and Diversion
Time. I understand that members of the Airplane-Level Safety Analysis Working Group
(ASAWG) reached consensus in the areas of Aging & Wear and MMEL, whereas the Working
Group documented dissenting opinions regarding recommendations concerning Latent failures
and Flight and Diversion Time, and that the Transport Airplane and Engine Issues Group
(TAEIG) unanimously approved the final report.

[ wish to thank the ARAC, particularly the members associated with TAEIG and its ASAWG
that provided resources to develop the report and recommendation. The report will be placed on
the ARAC website at: http://www.faa.gov/regulations_policies/rulemaking/committees/arac/.

We consider your submittal of the ASAWG report as completion of tasking from our March 21,
2006 tasking statement (71 FR 14284). We will keep the committee apprised of the agency’s
efforts on this recommendation through the FAA report at future ARAC meetings.

Sincerely,

O Sy

Pamela Hamilton-Po
Director, Office of Rulemaking
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REVISION SHEET

Rev Description Summary Date
1.0 Basic Release Nov 2006
25 Updated with comments included up to Web Meeting #5 May 2007
2.7 Comments provided up to Meeting #4 (Merignac) Jun 2007

- Included Fig 6-1 (Design risk).
- ‘“Increase” wording was excluded from SR definition.
- SRC (Specific Risk of Concern) definition was
introduced along with the revision of Fig 6-2 (Task 3
entry flow diagram).
- It was identified additional conditions for further
considerations (Operating Mode, Flight Condition,
Flight Phase, and At Risk Time), based on the review
of SR definition.
Addressed Rev 2.7 comments provided by: Rod L., Alain C, | jul 2007
Christophe G, Roger K, David M, Jim M, Linh L, Mike M,
Nelson W, Ramesh N and Jim M.
Incorporate comments discussed during WM6, WM7 and | Aug 2007
WMS.
3.0X Version of the report reviewed by members for closure of the | Oct 2007
Task 1 and Task 2.
Cleaned up version sent out for TAEIG review
3.0 Task 3 report version (Seattle Meeting) Apr 2008
4.0 Task 4 report version Sep 2009
5.0 Final report version Apr 2010
ARAC ASAWG Report April 2010 Rev 5.0
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1 Executive Summary

This tasking is to direct the Aviation Rulemaking Advisory Committee (ARAC) to provide
information about specific risk assessment and make recommendations for revising
requirements or guidance material as appropriate.

An “Airplane-level Safety Analysis Working Group” (ASAWG) was asked to perform the
following tasks:

e Task 1: Develop definition of specific risk and catalog examples of its application.

e Task 2: Identify relevant requirements, guidance and recommendations related to
specific risk and its use.

e Task 3: Determine adequacy of the existing/proposed standards and if a change is
warranted.

e Task 4: Develop recommendations for rulemaking and guidance material.
Tasking boundaries are:

e |ssues outside the flight envelope or outside design specifications are not
addressed,

e Methodologies not covering airplane certification but currently being employed to
handle conditions such as manufacturing defects, quality escapes, etc. (i.e.
Gunstone / CAAM) are not addressed,

e Specific risks, if they lead to a failure condition of Major or less severe criticality, are
not addressed,

e Specific risks associated with airframe structures are not addressed.

Task 1 defined Specific Risk in general terms as “The risk on a given flight due to a
particular condition”. The Specific Risks of Concern (SRC) are when the airplane is one
failure away from a catastrophe, or when the risk is greater than the average probability
criteria provided in AC 25.1309 Arsenal for hazardous and catastrophic failure conditions,
on a given flight due to a particular condition.

Examples of regulations, guidance and industry practices provided the correct and concise
understanding of the specific risk definition.

The particular conditions identified for detailed considerations were:

e Latent Failure,
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e MMEL,
e Active Failure / Design Variability / Flight Condition / Operating Mode,
e Flight Time / Diversion Time / Flight Phase / At Risk Time.

The ASAWG reviewed during Task 2 the background and intent of relevant existing
requirements, existing guidance material, and ARAC recommendations and explained how
specific risk is addressed.

The ASAWG reviewed during Task 3 the results of Tasks 1 & 2 and determined the
appropriateness, adequacy, and consistency of the relevant existing regulations, existing
guidance material, ARAC recommendations, and industry practices for airplane-level
safety analysis. The key approaches to addressing Specific Risk were identified as
“fundamental issues”. For each fundamental issue recommendations for Task 4 were
developed:

e Conducting specific risk evaluations of latent and active failures.
e Conducting specific risk evaluation for dispatch under a MEL.

e FHA development when dealing with intensifying factors such as flight length, flight
phase and diversions.

e Documenting component replacement times that are necessary to protect against
aging and wear out.

These recommendations demonstrate where a more consistent approach across systems
is necessary to:

e Assure a warranted level of specific risk regulation, i.e. inconsistency potentially
results in over- or under-regulation, and

e Avoid undue burden on the applicant and regulatory authorities.

In accordance with the Task 3 outcome, the ASAWG established Task 4 change
recommendations for existing regulations, existing guidance material, ARAC
recommendations, and industry practices for airplane-level safety analysis. The change
recommendations were reviewed with comments and dissenting opinions generated. All
dissenting opinions were either reviewed by the entire ASAWG or by the responsible Sub-
Group Chair with dispositions developed. These responses were then transmitted back
out to the entire ASAWG for one final review.

The ASAWG concluded on change recommendations for Latent failures, Aging & Wear,
MMEL and Flight & Diversion Time Task. Along with the change recommendations
benefits, applicability, rationales, alternatives considered (if any) and dissenting opinions (if
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any) are provided. These changes will apply to new TC or STC and will not be applied
retroactively, unless requested by the applicant.

The change recommendations for Latent failures are related to changing both regulations
and guidance material. This is the only change recommendation the ASAWG is
recommending to regulations.

ASAWG has made tradeoffs between invalidating existing designs, increasing the
analytical burden and being conservative when deriving the recommended airplane level
specific risk criteria. The key benefit Industry saw after several years of review and
discussion was harmonization and consistency across all systems and between various
regulation bodies. Unlike previous working groups that were tasked to respond to a
specific event or threat that had occurred, this effort is more of a harmonization across the
aircraft and regulatory bodies. Therefore, the identification of potential measurable safety
benefits was not identified.

The Latent failure change recommendation:

e Eliminates the inconsistent application of various residual risk criteria via IPs and CRIs
ranging from 1E-3 to 1E-6. Manufacturers and Regulators alike spend excessive time
early in the airplane development cycle negotiating these based on their specific
airplane and system designs. The cost related to this was impractical for the
manufacturers and regulators to quantify but involve both non-recurring labor cost and
recurring equipment costs.

e Increases safety by providing applicants and regulators clear guidance that can be
applied consistently across systems,

e Avoids non-standardized system safety assessments across various critical systems
making it hard to properly evaluate at the aircraft level, which could cause conflicting
interpretations for conducting system safety assessments in aircraft certification
programs.  Currently, manufacturers performing aircraft level analysis or highly
integrated system level analysis based on the worst case criteria. This has the
potential to add cost and complexity to the systems. The actual value of this savings
could not be quantified when looking at existing systems.

e Provides for an acceptable level of safety across all systems and applications. This is
intended to be adequate for coverage of all systems related to specific risk and
minimize the generation of new rules, special conditions, IPs, CRIs, etc. in the future.

The change recommendations for Aging & Wear, MMEL Task and Flight & Diversion Time
are related to guidance material. Recommendations to change regulations were not seen
as appropriate and necessary.

The Ageing & Wear change recommendation increases safety by providing applicants and
regulators clear guidance that can be applied across systems to ensure consistent
documentation of system component replacement times that are necessary to protect
against aging and wear out.
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The MMEL change recommendation provides numerical analysis guidance which would
provide a standardized methodology that would maintain fleet average reliability objectives
when used to support a proposed MMEL item’s qualitative assessment.

The Flight & Diversion Time change recommendation increases safety through elimination
of errors in the application of the guidance and by providing applicants and regulators clear
guidance that can be applied consistently across systems:

e Treat flight time, flight phase and diversion time in the FHA in same manner across
applicants and across systems from a single applicant.

e Ensure correct hazard classification in FHAs take into account intensifying factors,
such that specific risk concerns worthy of being addressed are not overlooked.

e Eliminate confusion with respect to the compounding nature of factors in defining
the hazard classifications in an FHA.

e Eliminate the misunderstandings due to unclear guidance on how environmental or
operational factors are combined with single failures.

e Harmonized use of average long-range flight duration and maximum diversion time
for both type 1 and type 2 systems in compliance to the new ETOPS rule.

2 Purpose/Background

The FAA established the Aviation Rulemaking Advisory Committee (ARAC) to provide
advice and recommendations to the FAA Administrator on the FAA's rulemaking activities
for aviation-related issues. Previous ARAC harmonization working groups (Flight Controls,
Power Plant Installations, and Systems Design and Analysis) produced varying
recommendations regarding the safety of critical airplane systems. Although the subject of
specific risk analysis was addressed in those working groups, the recommendations were
not consistent. Regulations and Policies developed from within the FAA also provide
approaches different from those recommended by ARAC.

If these different approaches are applied on a typical certification project, they could result
in non-standardized system safety assessments across various critical systems. This
could cause conflicting interpretations for conducting system safety assessments in future
aircraft certification programs. After reviewing the existing regulations and the
recommendations from the various harmonization-working groups, the FAA Transport
Airplane Directorate, along with the European, Canadian, and Brazilian civil aviation
authorities, identified a need to clarify and standardize safety assessment criteria. The
FAA decided to use a new ARAC tasking to integrate the safety assessment criteria from
various system disciplines. In July 2005, an industry group comprised of the Aerospace
Industries Association (AIA), General Aviation Manufacturers Association (GAMA), and
several aircraft and engine manufacturers, proposed a new tasking. The FAA agreed with
the industry group proposal, and has based this tasking on that proposal.
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3 Scope

This tasking is to direct ARAC to provide information about specific risk assessment and
make recommendations for revising requirements or guidance material as appropriate. An
“Airplane-level Safety Analysis Working Group” (ASAWG) is to perform the following tasks:

Task 1: The ASAWG is to establish a definition for specific risk. It is to provide relevant
examples of its application in today’s aircraft certification, FAA Flight Operations
Evaluation Board (FOEB), and Maintenance Review Board (MRB) activities.

Task 2: The ASAWG is to review the background and intent of relevant existing
requirements, existing guidance material, and ARAC recommendations and explain how
specific risk is addressed. In Task 2, the ASAWG is to document all current and proposed
approaches to specific risk but should not establish how specific risk should be assessed.

Task 3: The ASAWG is to review the results of Tasks 1 & 2 and determine the
appropriateness and adequacy of existing and proposed airworthiness standards for
airplane-level safety analysis. This task is to demonstrate if a more consistent approach
across systems is necessary. Concurrence from the TAE Issues Group and the FAA is
required before continuing to Task 4.

Task 4: The ASAWG is to develop a report containing recommendations for rulemaking or
guidance material and explain the rationale and safety benefits for each proposed change.
The report is to define a standardized approach for applying specific risk in the appropriate
circumstances. The FAA is to define the report format to ensure the report contains the
necessary information for developing a Notice of Proposed Rulemaking (NPRM), and/or
ACs.

Unlike the tasking statements above, following boundaries were not defined within the
tasking, but rather derived by the ARAC ASAWG and agreed by ARAC TAEIG to further
bound the tasking. These boundaries are the ARAC Specific Risk tasking should not
address issues outside the flight envelope nor outside design specifications.
Methodologies currently being employed to handle conditions such as manufacturing
defects, quality escapes, etc. (i.e. Gunstone / CAAM) are not covered under Certification
of the airplane; therefore, they are also beyond the scope of the ARAC tasking. The ARAC
Specific Risk Tasking should not address specific risks, if they lead to a failure condition of
Major or less severe criticality.

In addition, specific risk associated with airframe structures should not be addressed by
this Tasking. Many of the transport category airplane airworthiness rules, policies and
practices used to establish a minimum acceptable level of safety for airframe structure
involve regulating what we have defined as a “specific risk”. These rules, policies and
practices are often intended to prevent the occurrence of a particular failure (e.g. fracture
of a primary structural element) given below average parts (e.g. those with maximum
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undetectable flaws and/or likely damage) are exposed to above average stresses (e.g.
limit and/or ultimate loads). However, as indicated by the following statement from Task 3:
“This task is to demonstrate if a more consistent approach across systems is necessary”;
this overall tasking is focused on “systems” related rules, policies and practices.
Consequently, while structural examples may ultimately provide some valuable insights as
to how failure prevention might be undertaken for a particular critical part within airplane
systems, such examples were not included in Task 2.

Note: This document contains a vast amount of “historical” information generated in the
process of reaching the set of recommendations coming out of the tasks. This information
is contained in the form of Word tables and Excel workbooks. Due to the size of this
information, these files are embedded within the text of this document. Therefore, each of
these tables will need to be printed individually if the reader wants a hard copy of this data.
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4 Abbreviations

AC Advisory Circular

AD Airworthiness Directive

AEG Aircraft Evaluation Groups

AFM Aircraft Flight Manual

AIA Aerospace Industries Association

ANAC Agéncia Nacional de Aviagao Civil

ARAC Rulemaking Advisory Committee

ASAWG Airplane-level Safety Analysis Working Group
CAAM Continued Airworthiness Assessment Methodology
CFR Code of Federal Regulations

CMR Certification Maintenance Requirement

CS (JAR) Certification Standard (Joint Aviation Requirements)
CSTA Chief Scientist Technical Advisor

E&PD Engine and Propeller Directorate

EASA European Aviation Safety Agency

EPRD Electronic Part Reliability Data

ETOPS Extended Range Operation

FAA Federal Aviation Administration

FAR Federal Aviation Regulation

FH Flight Hour

FHA Functional Hazard Assessment

FMEA Failure Mode Effect Analysis

FOEB Flight Operations Evaluation Board

GAMA General Aviation Manufacturers Association
HIRF/IEL High Intensity Radio Frequency

IAW In Accordance With

JOEB Joint Operations Evaluation Board

LRU Line Replaceable Unit

MMEL Master Minimum Equipment List

MIL HDBK Military Handbook
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MOC Means of Compliance

MRB Maintenance Review Board

MTBF Mean Time Between Failure
NPRD Non Electronic Part Reliability Data
NPRM Notice of Proposed Rulemaking
OEM Original Equipment Manufacturer’s
PSE Primary Structural Element

SME Subject Matter Expert

SR Specific Risk

SRC Specific Risk of Concern

SSA System Safety Assessment

STC Supplemental Type Certification
TAD Transport Aircraft Directorate
TAEIG Transport Airplane Engine Issues Group
TBD To Be Defined

TCCA Transport Canada Civil Aviation
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6 Development

6.1 Task 1

6.1.1 Introduction

The ASAWG had to establish during Task 1 a definition for specific risk and provide
relevant examples of its application.

Firstly, available specific risk definitions were reviewed and specific risk related
regulations, guidance and industry practices were discussed. Then a specific risk and
specific risk of concern definitions have been established by the ASAWG. Further on
potential relevant conditions for specific risk were identified. These conditions were guided
by the ARAC tasking notice. It identifies potential relevant conditions for specific risk as
follows: Latent failure, MMEL, Airplane configurations, and Flight conditions.

The specific risk definition was applied to each condition and vice versa with the support of
key questions. These questions were crucial for the scope of the ARAC Tasking such as
compliance with average probability criteria of 25.1309 Arsenal. This application identified
how relevant these conditions were, given the specific risk definition, and whether they
would have to be addressed further under ARAC Specific Risk Task 3.

Examples of regulations, guidance and industry practices helped for the correct and
concise understanding of the specific risk definition.

6.1.2 SR & SRC definitions

The ARAC Tasking notice required the development of a definition for Specific Risk that
considered the certification aspects, operational aspects and maintenance aspects used in
today's aircraft design development and certification processes.

The definition for Specific Risk is: “The risk on a given flight due to a particular
condition”. The Specific Risks of Concern (SRC) are when the airplane is one failure
away from a catastrophe, or when the risk is greater than the average probability criteria
provided in AC/AMJ 25.1309 Arsenal for hazardous and catastrophic failure conditions, on
a given flight due to a particular condition.
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6.1.2.1 History

In order to develop the definition for specific risk that was thorough yet concise a complete
understanding of what went before had to be understood by the ASAWG members.

The genesis of Specific Risk tasking date's back to 1993 with a FAA statement of work to
ARAC to develop guidance for specific risk bridging the requirements of 14CFR 25.901(c),
14CFR 25.1309 and MMEL development. The ARAC Working Group (WG) could not close
its deliberations by 1998 and recommended guidance in the form of a draft AC (Diamond
version of AC/AMJ 25.1309) that supported average risk assessment methodology. In
2001, the FAA proposed revisions to the 1998 ARAC recommendations to cover specific
risk. This guidance was introduced into a preliminary Draft AC 25.1309-1BX which lead to
draft arsenal version of AC/AMJ 25.1309.

Meanwhile the Diamond version developed in 1998 by the ARAC WG was adopted by the
European community and was included with EASA's CS 25.1309 in October of 2003. Also
during this time, guidance and policy was being recommended and/or released in the
areas of thrust reversers (FAR25.933 and AC 25.933X), fuel tank ignition (SFAR 88,
FAR25.981 and AC25.981-1B), powerplant installations (FAR25.901(c) policy), flight
controls (FAR25.671) and MMEL policy prohibiting dispatch in catastrophic single-failure
conditions.

In the end, it had become apparent that the various approaches were inconsistent when
viewed together at the airplane level. In addition, there was no stated common definition or
general understanding of "Specific Risk".

6.1.2.2 Rationale

The basic precepts provided to the ASAWG when developing the definition for Specific
Risk was it must be thorough yet concise. The definition should not invalidate previous
work. The definition should not encompass methodology nor describe how specific risk
should be addressed. The goal was to encompass the definition into a single sentence.
Finally, the definition had to stand up to a review process that ensured the basic precepts
were maintained.

To discuss specific risk at the aircraft level, it was decided to compare it to the quantitative
average probability criteria as defined by AC/AMJ 25.1309 Arsenal. The term "Average
Risk" is understood to represent the average probability of failure for some baseline
population of airplanes over their entire life. Specific risk may be above, below or equal to
this average. However, it was recognized that any Specific Risk of Concern must increase
the risk relative to the average probability criteria as defined by AC/AMJ 25.1309 Arsenal.

Figure 6-1 illustrates the relationship between the specific risks of concern and the
average probability criteria of AC/AMJ 25.1309 arsenal. The Specific Risk of Concern
(SRC) depicted represent deviation that can occur on specific flights.
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A basic assumption was the baseline population would be defined as any aircraft
configuration used in the average risk calculation. Aircraft that encompass additional
Supplemental Type Certifications (STCs) and/or production options that constitute a
different configuration would then just be considered a new population and not a subset of
the baseline configuration. Thus, the definition above was developed.

A

P / flight
hour ~ B
Specific Risks of
Concern '<
Deviation
25.1309 Criteria: 10°7  \_ s
(— Time
Not Specific Risks of
Concern < Exposure
Fully Capable: 10* N e—

Figure 6-1: Design Risk for a Failure Condition

6.1.3 Application of the Definition

Specific Risk is the risk on a given flight due to a particular condition. Of interest are the
Specific Risks of Concern (SRC) when the airplane is one failure away from a
catastrophe, or when the risk is greater than the average probability criteria provided in
AC/AMJ 25.1309 Arsenal for hazardous and catastrophic failure conditions, on a given
flight due to a particular condition. Therefore, this leaves the process related to the
identification of the particular conditions as being critical to the definition.

6.1.3.1 Particular Condition Development

The identification of the conditions potentially relevant to specific risk was guided by the
ARAC tasking notice. Latent Failures and MMEL relief was immediately recognized as
relevant. Various airplane configurations and flight conditions were also identified as
potentially relevant conditions. Environmental or operating conditions that were outside the
flight envelope and/or design specification of the baseline aircraft were ground ruled out as
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particular conditions that would be identified and reviewed by the ASAWG for specific risk
conditions. Some of these include flight into volcanic ash, flight into icing in excess of the
conditions defined in Appendix C of 14CFR25, etc.

Various airplane configurations and flight conditions were further broken down into subsets
to include such items as operating modes, active failure conditions, design variability, flight
phase, flight time, diversions / return to land conditions and flight conditions. Design
variability included design characteristics such as aging and wear that may impact the
assumption of a component operating under a random failure distribution condition for the
life of the aircraft, but design variability did not include such items as aircraft
reconfigurations due to application of an STC to a given aircraft. As stated earlier, an STC
aircraft is considered to be a new baseline. Active failure modes were separated from
operating modes by recognizing the difference of operating the aircraft under emergency
or abnormal operating procedures of the Aircraft Flight Manual (AFM) vs. the normal
operating procedures. The distinction between the two is that one mode is entered
because of an equipment malfunction while the other is selected by the pilot.

These conditions were then categorized as "Actual" or "Potential". The "Actual Conditions"
were defined as those conditions that are identifiable for a specific airplane or flight prior to
the initiation of the flight. The "Potential Conditions" were defined as those conditions that
are not known to exist for a specific airplane or flight but may be expected to exist prior to
the initiation of some flights during the fleet life.

6.1.3.2 Task 3 Relevancy Logic

To determine if a particular condition was a specific risk of concern and was worthy to
proceed to Task 3, the ASAWG membership developed a series of decision points to go
through. A simple logic diagram is provided in Figure 6-2 that illustrates the decisions that
should be passed through to determine if the particular condition is considered Task 3
relevant or not. Only one particular condition at a time goes through the decision points.

The first decision point is simply a determination if the particular condition is considered
inside or outside of the design envelope (i.e. design specification) and certification basis of
the aircraft. If the condition is outside the design conditions of the aircraft then it is not
considered within the boundaries as established for the ARAC Specific Risk tasking.

The remaining decision points in the diagram are an attempt to determine the level of
increased risk introduced by each particular condition, with its specific assumptions made
for these conditions as identified in 6.1.3.3. This assumption was only applied during Task
1 for the identification of particular conditions to be considered relevant for Task 3.

At this point in the flow diagram, the aircraft configuration does not change from one
decision to the next, nor can the particular condition under review be changed. The first
decision, determines if the particular condition can leave the aircraft one failure away from
a catastrophe. If the answer is no then the next decision point, must be passed for
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determination if the assumed particular condition has a remaining risk greater than the
average probability criteria (i.e. 1E-7/1E-9/FH) of AC/AMJ 25.1309 Arsenal.

To better understand the intent of the third decision point, Figure 6-1 above can be
reviewed. When the airplane operates in the full-up configuration (i.e. no failures) the risk
of a failure condition is by regulation below the design criteria called out in AC/AMJ
25.1309 Arsenal. The criterion of the third decision looks at what configuration the aircraft
may be in when a particular condition is evaluated.

At this point, the particular condition becomes the variable and it is the only variable that
changes when it is applied to the aircraft design characteristics to see if the minimum
probability criterion of AC/AMJ 25.1309 Arsenal has been exceeded. If the answer is no
then this is not a specific risk of concern otherwise the condition is to proceed for review in
Task 3. Though the particular condition may satisfy the no decision criteria the applicable
requirements and/or guidance could still be reviewed in Task 3. The results of these
assessments are to be reported to TAEIG Issues Group prior to initiation of Task 4.

Particular Condition
applied to Hazardous
and Catastrophic
failure conditions, on a
given flight.

Is the particular
condition inside the
certification basis
and design
envelope?

Not within the boundaries
established, therefore no
additional analysis is required.

Is this risk
greater than the
average probability
criteria provided in
AC/AMJ 25.1309

This is not a Specific Risk of
Concern. Review guidance
material or existing
requirements for consistency.

Is the airplane one
failure away from a
catastrophe?

ly

v

Specific Risks of Concern 4>[ TASK 3 ]

Figure 6-2: Task 3 Entry Flow Diagram
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6.1.3.3 Decision (SRC, non SRC)

To apply the definition for specific risk developed by the ASAWG to a particular condition,
the logic diagram described above was used for various conditions that historically had
been agreed to be specific risk conditions. These two were latent failures and MMEL
dispatch conditions. Additional conditions as defined in 6.1.3.1 were also tested. The
following Table 6-1 provides the results of this testing process while the figures provide a
graphic step by step view of the logic taken when progressing through the flow chart in
Figure 6-2.

Examples from each sub-task are provided using the flow diagram of Figure 6-2 and
applying to some particular conditions:

° Latent Failure

Particular Condition under analysis:
Paticular Condition Single Latent Failure is assumed to have
appled to Hazamous occurred regardless of ts probab lity.
and Catastrophic
Faillurc conditions, en a
given flight

Mn, if nne failed latent in a
3 or more order cut sets

Yes

Matentially
+— Yes

Yes, tone tailed
latent in a 2 order
cut set

Specific Rizsks of Concem b[ TASK3

T
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. MMEL
Particular Condition under analysis:
Pardsular Condiion MEL relief at disoatch, so that is pre-exising.
ugﬂummm

fallum condiions, en a
ven fll

Not within ths boundarkes

Mct allowed to dispatca in a
Y known configLration one failure
away from a catastrophe

This Is nat a Specific Risk of
Cancam. Revisw guicance
mearial or sxdating

roguborrontsfor cormdotonoy._

Potentially I
—  Yes: H

Specific Rizks of Concem TASK 3

T
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o Active Failure
Particular Condition under analysis:
Particular Condiion Single Active Failure is assumed to occur,
applled o Hazardo ts regardless of its probability.
and Catastnophic
failure conditions, en a
givenflight
Mot within the boundaries
estahiished, therefore no
additional analysis is nequined.
Mo, if one failed
Yes active in a 3 or more
order cut sets
This is not a Spediic Risk of
mdr:rid:racislig .
requirements for consistency.
‘Yes, if one failed Potentially E
active in a 2 — — Yesg H
order cut set '

Specific Riske of Concem: 4’[ TASK3

T
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Flight Time

Particular Condition under analysis:
Particular Condition ETOPS flight
appliad to Hazandous
and Caastroghic
Failure conditions, en a
glvenflight

Mot within the bound aries
estabished, therefore no
addiional analysis is requined.

Mo, it still requires to
meet same guantitative
probeability criteria.

Mo, it still requires
to meet no single
failure criteria.

}

t This is st & Dhechic Fisk of
N | Concern. Review addance -
rrabenal or adting

reparerents for corssstany.

Specific Risks of Concemn 4’[ TASK3

b ma

The particular conditions tested and a brief description or examples of the type of
conditions were:

Latent Failure — A failure is latent until it is made known to the flight crew or
maintenance personnel.

MMEL — Recognized or approved under FAR 91 configurations of the aircraft that are
permitted at dispatch using operating rules, but may leave the aircraft in a
configuration that is less than that evaluated for certification under FAR/CS 25.

Operating Modes — These are system or aircraft normal modes (abnormal modes
are addressed in other particular conditions, e.g. active failures) such as auto pilot
on/off, flaps up/down, etc..., that the pilot places the aircraft in.

Flight Condition — This include most of the environmental conditions such as flight
over water or high terrain, high altitude operations, operating into high cross winds or
extreme cold environments, etc.

Design Variability - Includes design characteristics such as aging, wear, cycle
dependencies that may impact the assumption a component was operating under a
random failure distribution condition for the life of the aircraft, but it did not include

ARAC ASAWG Report April 2010 Rev 5.0



Specific Risk 22

such items as aircraft reconfigurations such as application of a specific STC on a
given aircraft

Active Failure— Equipment / system failure conditions which are identifiable during
the flight for a specific airplane.

Flight Time — Encompasses all the permitted flight that goes into the calculation of
average flight time. It recognizes the potential for one aircraft to be operating in a very
high cycle condition but low average flight time to the extreme of ultra long flights that
include ETOPS operations.

Diversion / Return to Land Conditions — The conditions associated with an in-flight
emergency being that requires the crew to proceed to the closest landing site. This
could be caused by a medical condition of a passenger or other external event such
as a bird strike at takeoff or other.

Flight Phase — Includes the classic conditions such as taxi, takeoff, climb, cruise,
descent and landing. Each condition covers the entire average time associated with
that condition.

At Risk Time — The period of time at which an item must fail in order to cause the
failure effect in question. This is usually associated with the final fault in a fault
sequence leading to a specific failure condition.

The particular conditions were categorized as either potential risk conditions or actual risk
conditions as defined in section 6.1.3.1 above.

The results of the testing identified ten potential condition categories that the ASAWG had
to be investigating during Task 2 and 3. Some examples of these types of conditions and a
more thorough explanation of the types of conditions included in these categories are
provided in the follow on sections. The conditions identified for further considerations were:

Latent Failure

MMEL

Active Failure

Operating Mode

Flight Condition

Design Variability

Flight Time

Diversion / Return to Land
Flight Phase

At Risk Time
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The Specific Risk is the risk on a given flight due to a particular condition.

The Specific Risks of Concern (SRC) are when the airplane is one failure away from a catastrophe, or when the risk is greater than the average
probability criteria provided in AC/AMJ 25.1309 Arsenal for hazardous and catastrophic failure conditions, on a given flight due to a particular condition.

Particular Is the Is the risk greater
Condition Inside reEe] er airplane one LT U SR
: Potential . probability criteria
applied to Haz | Envelope / : failure away . . Comments
/CatFCon a Spec? s from a PEIEEL! It
; . ’ condition? AC/AMJ 25.1309
given flight. catastrophe?
Arsenal?
- Acceptable level of safety to be defined (JAR MMEL).
MMEL Y A N Y - Standardized approach to be developed.
- Some OEMs satisfy average probability criteria of AC/AMJ 25.1309 Arsenal.
- Some operating modes inside the envelope are assumed to have a probability of 1
(average probability criteria of AC/AMJ 25.1309 Arsenal not exceeded). There may
Operating be other conditions that have probabilities less than 1 (average probability criteria of
mode Y A N Y AC/AMJ 25.1309 Arsenal potentially exceeded, if probability of 1 would be assumed).
- Operating modes related to failures are addressed separately.
- This is not SRC in and of itself.
- Some flight conditions inside the envelope are assumed to have a probability of 1
(average probability criteria of AC/AMJ 25.1309 Arsenal not exceeded). There may
. . be other conditions that have probabilities less than 1 (average probability criteria of
Flight condition Y A Y Y AC/AMJ 25.1309 Arsenal potentially exceeded, if probability of 1 would be assumed).
Examples may be crosswind, gust and turbulence.
- Not SRC in and of itself.
nggp Y/N A N Y/N - Variability affects a random failure distribution.

variability

- Average probability criteria of AC/AMJ 25.1309 Arsenal potentially exceeded, if an
Flight phase Y A N Y occurrence probability especially for this flight phase calculated, i.e. without

normalizing using the average flight time hour.

- If flight time is always below average, than cycling effects are perhaps not properly

covered.

Flight time Y A N YN - 25.1309 compliance: ETOPS assessments to meet 25.1309 criteria per Part 25
Appendix K. Other SSAs use fleet average flight times which may not be
conservative for all cases.

ARAC ASAWG Report April 2010 Rev 5.0




Specific Risk

24

The Specific Risk is the risk on a given flight due to a particular condition.

The Specific Risks of Concern (SRC) are when the airplane is one failure away from a catastrophe, or when the risk is greater than the average
probability criteria provided in AC/AMJ 25.1309 Arsenal for hazardous and catastrophic failure conditions, on a given flight due to a particular condition.

Is the risk greater

g?);tlc?i?ifr: Inside reEe] er air| II21rt1geone LT U SR
. Potential P probability criteria
applied to Haz | Envelope / : failure away . . Comments
/CatFCon a Spec? s from a PEIEEL! It
; . ’ condition? AC/AMJ 25.1309
given flight. catastrophe?
Arsenal?
Diversion / .
Return to land Y P N Y - Issue Paper available.
Latent failure v p v v The a!rplane may be one failure away from catastrophe assuming that one failed
latent in a 2 order cut set.
- The airplane may be one failure away from catastrophe assuming that one failed
Active failure Y P Y Y active in a 2 order cut set,.
- Regulations to be re-examined like 25.671, 25.981, 25.933.
- Average probability criteria of AC/AMJ 25.1309 Arsenal potentially exceeded, if an
occurrence probability especially for this at risk time calculated, i.e. without
At Risk Time Y A/P Y Y normalizing using the average flight time hour.

- Whether or not it is actual/apparent when a particular airplane is at risk depends
upon the particular condition and associated risk under study.

ARAC ASAWG Report

Table 6-1: Specific Risk Analysis Table

April 2010

Rev 5.0



6.1.4 SR examples

6.1.4.1 Latent Failure Task

The Latent Failure Task Group was assigned the task to identify and document the
current approaches in order to assess in Task 3 the acceptance criteria for the
"significant latent failures” highlighted in paragraph 9.c.6 of the proposed ARAC
Advisory Circular (AC) 25.1309 - “Draft ARSENAL version,” dated 6/10/2002.

In order to provide current examples of latent failure applications, the following items
were identified. More details like the background, the intent of relevant existing
requirements, the existing guidance material, industry practices, and the explanation
of how specific risk is addressed should be reviewed and provided in Task 2.

e AC 33.28-1 (Engine over-speed criteria)

o 25671

e ARAC 25.671

e Generic IP - 25.933

e ARAC 25.933

e AC 25-19

e AC 25.1309-1A

e AC/AMJ 25.1309 - Arsenal

e ARP 4761 (Maximum dormancy)

e SFARS88 & 25.981

e FAA Policy 25.901(c)

e [P 10 25.901(c)

6.1.4.2 MMEL Task

6.1.4.2.1 Background

The FAA MMEL process is an operational process led in the field by Aircraft
Evaluation Groups (AEG). FAA HQ Flight Standards division in Washington, DC
controls the policy and overall standardization of the MMEL.

The development of standardization and policy guidance is performed by an MMEL
FAA/Industry Group (MMEL IG). The MMEL IG is composed of representatives from
the FAA, operators and the industry. This group reviews items of equipment that are
required by a new regulatory requirement or are MMEL items that are affected by
FAA policy decisions. This process has led to the issuance of a set of FAA Policy
Letters in which guidance is given to FOEB chairmen for drafting specific MMELSs.
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FOEB chairmen set up an initial aircraft MMEL based on the aircraft manufacturer’s
Proposed MMEL (P-MMEL). During a public FOEB meeting that gathers AEG staff
and chairman, the respective aircraft manufacturer [OEM] and operators, the initial
MMEL is reviewed, and amended as necessary. This updated MMEL is then posted
on FAA Opspecs website [draft section] for public comments. After a specified period
of time, public comments are reviewed by the FOEB chairman. Final revisions are
then made and the MMEL posted in the "Valid" section of the FAA Opspecs website
for public use.

This process is further described in Airworthiness Inspector's Handbook, Order
8300.10 - Volume 2 - Chapter 7. This process is also described in FAA Order
8400.10.

6.1.4.2.2 Developing MMEL

In developing their P-MMEL, manufacturers and operators seeking consideration for
relief for operating with certain items of equipment inoperative, are requested to
provide supporting documentation that sufficiently substantiates their request. In
addition to including an evaluation of the potential outcome of operating with specific
items inoperative, this documentation should consider the following topics: the
subsequent failure of the next most critical component; the interrelationships between
items that are inoperative; the specific conditions under which the equipment is to be
allowed to be inoperative [provisos]; any necessary Operations and/or Maintenance
procedure [M & O’s]; the proposed repair interval; the impact on approved flight
manual procedures; the reliability of critical components; and any/all potential impacts
on crew workload that could adversely degrade safety margins.

The basic concept to be applied in accepting an item for inclusion into a Master
Minimum Equipment List is that the subsequent failure of the next most critical
component in flight must not lead to a catastrophic event. There are other essential
considerations too, however such as qualitative requirements that prohibit the
incorporation of items of equipment powered by essential buses, or items of
equipment necessary to accomplish an emergency procedure[s]. Related to all of
these, is guidance for electrical systems on two-engines airplanes. In addition, the
MMEL may not conflict with other FAA-approved documents such as the approved
aircraft flight manual limitations, emergency procedures, and/or Airworthiness
Directives (AD). AD’s always take precedence over any published MMEL relief.

Appropriate restrictions and/or procedures are established to ensure an acceptable
level of safety is maintained during the MMEL/MEL deferral period.

Specific OEMs may apply different processes for establishing their Proposed MMEL.
These processes range from a full safety analysis established for each item -
assigning a probability of one or a conditional probability to the failed item- to a
qualitative analysis that is supported by quantitative analysis when requested. These
company processes are designed and intended to be more conservative than that
required by the FAA.

When an airplane is dispatched under MMEL/MEL relief (i.e. less than full up) it is an

example of SRC, as the specific aircraft configuration may now have a risk higher
than that established under an average full up configuration.
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6.1.4.2.3 Non-US Practices

Transport Canada MMEL process is conducted along with Type certification
activities, should end at TC date and involves certification specialist. It is based on
safety analyses and it mainly looks at the impact of inoperative item coupled with the
next failure and assesses whether the residual probability is still “on the order” of
what it should be for the failure classification being assessed.

European process is still processed under JAA rules as EASA has not overtaken this
activity. It is driven by JAR-MMEL/MEL, specifically by requirement .010(a) which
request "to maintain an acceptable level of safety as intended in the applicable JAR
or equivalent Requirement".

6.1.4.3 Airplane Configuration Task

The first task of the group, was to identify and discuss how different Operating Modes
of Aircraft Systems, Flight Conditions (Environmental Conditions), Active failure and
Design Variability where considered in showing compliance.

All the members that provided feedback on their methods of showing compliance
used SAE ARP 4761 (published 1996-12), AMC 25.1309 (2006-5), the Arsenal
(2002-6) or Diamond Draft (1998-4) of AC 25.1309. There were slight differences
between the companies. This can be attributed to relative newness of the system
safety process when compared to mature processes (i.e. structures or
pressurization).

As outlined in 25.1309 compliance guidelines mentioned above, the applicant in their
functional hazard assessments (FHA), evaluate the effect of the functional failure
condition on the aircraft and crew based on the worst case within the certification
approved standard, flight envelope and design specification. This sets the hazard
classification and drives the qualitative and quantitative requirements, as well as
requirements for HIRF/IEL, software and hardware design assurance. While this
conservatively takes the severity aspect of the specific risk and treats it as the
average, there is still the related issue of the conditional probability of being in the
“‘worst case” condition. As credit for these conditional probabilities is increasingly
being taken when showing compliance with the probability guidelines (example:
AC25-7A, Appendix 7, HQRM), further consideration of these particular conditions in
Task 3 was deemed appropriate, not only to assure the overall specific risk is
adequately addressed, but also to assure that the probabilities guidelines associated
with less severe outcomes are also met.

27



6.1.4.4 Flight & Diversion Time Task

The Flight Length and Diversion Time Task Group was assigned the task to identify
and document the current approaches to exposure times where specific risk might be
applied.

In order to provide current examples of possible Specific Risk application to flight
length and diversion time the following examples were reviewed. More details like
the background, the intent of relevant existing requirements, the existing guidance
material, and the explanation of how specific risk is addressed had to be reviewed

and provided in Task 2.

The first task of the group was to identify and discuss how At Risk Time, Flight

Phase, Flight Time and Diversion Time were considered in showing compliance.

. “At Risk “ Time

o
0}

ARP 4761 Paragraph 2.2 and Appendix D paragraph D.11.1.3.2
AC/AMJ 25.1309 (Arsenal) Appendix 3 paragraph b2

o Flight Phase

O O O O O ©o

ARP 4761 Appendix A paragraph A.1 and Appendix D paragraph D.11.1.3.2

AC/AMJ 25.1309 (Arsenal) Appendix 3 paragraph a and paragraph b2
AC 25.1309-1A

Draft AC 25.671

25.901c exemption B717 docket no. FAA-2003-14201

Industry examples

o Flight Time

(0]

o
o
0}

ARP 4761 paragraph 2.2

AC/AMJ 25.1309 (Arsenal) Appendix 3 paragraph ¢
Draft AC 25.671

Industry examples

. Diversion Time

O ©0O O 0O O O o

FAR 121.161

ETOPS/JAR-OPS

FAA Part 25 Appendix K (new)

NPRM Docket No. FAA-2002-6717 Notice No. 03-11

AC120-42A Extended Range Operation with Two Engine Airplanes
JAR-OPS 1.246 Extended Range Operation with Two Engine Airplanes

Return Landing Capability — Generic Issue Paper
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The group concluded that At Risk Time, Flight Phase, Flight Time, and Diversion
Time are examples of specific risk variables and they should be examined further in
Tasks 2 and 3.

6.1.5 ASAWG Recommendation

The ASAWG recommends that "Specific Risk" be defined as the “risk on a given
flight due to a particular condition”. In addition, the categories of conditions that
should be researched further during Task 2 and 3 should be the following:

e MMEL
e Design Variability
e Flight Time

e Diversion / Return to Land
e Latent Failure

e Active Failure

e Operating Mode

¢ Flight Condition

e Flight Phase

e At Risk Time
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6.2 Task 2

The ASAWG reviewed during Task 2 the background and intent of relevant existing
requirements, existing guidance material, and ARAC recommendations and
explained how specific risk is addressed. In Task 2, the ASAWG had to document all
current and proposed approaches to specific risk but should not establish how
specific risk should be assessed. The outcome of this task was a description how
specific risk is currently assessed and managed, by currently available regulatory
guidance and by actual practice in recent certification programs. Task 2 also included
the intended improvements and safety benefits of currently available regulatory
guidance and actual practice.

The conditions associated to Specific Risk as recommended according to Task 1
result were categorized as followed:

e Latent Failure,

e MMEL,

e Active Failure / Design Variability / Flight Condition / Operating Mode.

e Flight Time / Diversion Time / Flight Phase / At Risk Time.

The task groups working at the above-mentioned categories were guided by the
following questions:
e What is addressed (regulation or guidance)?

e Why is it addressed (regulation or guidance recommendation background /
preamble)?

e How is it addressed?
0 Industry application / practices?
Acceptability of next most critical failure on safe operation?
Crew limitations and procedures?
Reliability of critical components?
Allowable exposure time?
Meet average risk criteria of 25.13097?

O O 0O O o o

One failure away from catastrophe?

The following chapters give the results of Task 2. The results of each task group
were detailed in tables addressing the above-mentioned questions.
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6.2.1 Latent Failures Task

To meet the objectives of Task 2, the ASAWG established a task group to specifically
address latent failures and to develop the table below.

The 6.2.1.1 table identifies Part 25 requirements, guidance, and other means that
address latent failures, both directly and indirectly. The table also describes how
latency is addressed by these criteria. The table identifies examples of application,
including both FAA interpretation and industry practice.

In summary, the group found that there were a wide variety of approaches to
addressing latency. Certain criteria apply to the latent side, or the active side, of
failure combinations, or to the combined failure condition. Criteria also vary
depending on whether the latent failure leaves the airplane one failure away from a
catastrophic event. Different criteria are applied depending on the type of system
being analyzed; for example, flight controls versus power plant installations. There
may also be varying criteria for the same system depending on which rule is applied.

6.2.1.1 Latent Failures Task 2 table
- Task 2 table.

Note: verify that you are on the “Latent” tab when opening the Task 2 table.

6.2.2 Active Failures & Design Variability Task

To meet the objectives of Task 2, the ASAWG established a task group to specifically
address Active Failures, Design Variability, Flight Condition and Operating Mode and
to develop the table below.

The table 6.2.2.1 identifies Part 25 and 33 requirements, guidance, and other means
that address Active failures, Design Variability, Flight Condition and Operating Mode,
both directly and indirectly. The table identifies examples of application, including
both FAA interpretation and industry practice.

In summary, the group found that there were a wide variety of approaches to Active
Failures. Certain criteria may apply to the active side or the latent side, of failure
combinations, or to the combined failure condition.

The task of this group was to consider that the active failure occurred during a given
flight. An active failure, which occurred before the flight, is addressed by the MEL or
Aircraft Flight Manual.

In addition, the group realized that the airplane can be one failure away from a
catastrophe. The group discussed several of these, but the easiest to grasp is the
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case on a two engine aircraft where one engine has failed. This, by itself, is minor or
major, but now the aircraft is one failure away from a catastrophe, another failure that
results in the loss of thrust from the other engine to maintain flight.

For design variability, quality escapes, as described in section 3 of this document, are
outside the boundary of this document.

6.2.2.1 Active Failures & Design Variability Task 2 table
- Task 2 table.

Note: verify that you are on the “Active & Design” tab when opening the Task 2 table.

6.2.3 MMEL Task

To meet the objectives of Task 2, the ASAWG established a Task Group to
specifically address specific risk criteria related to the development of a Master
Minimum Equipment List (MMEL). Table 6.2.3.1 was generated identifying; the
regulations and/or guidance followed in developing an aircraft MMEL; the specific
tailoring that an OEM may have utilized during the development of a MMEL; and just
how the process addressed the specific risk issues related to the next most critical
failure, crew limitations, reliability of critical components, allowable exposure times,
quantitative dispatch times and being one failure from a potentially catastrophic
condition.

In summary, all the OEMs are following the Flight Operations Evaluation Board
(FOEB) process derived from FAA policy letters or a joint FOEB/JOEB process.
Though the process that was followed was consistent across the industry, how the
MMEL was actually derived and the data used to substantiate the recommended
items in the MMEL varied. A common theme, however, did appear in that aircraft
systems are becoming more and more functionally integrated using software and
complex hardware logic devices to perform critical aircraft functions. Therefore
qualitative design assurance processes, human factor aspects and common cause
assessments are playing an increasingly important role with respect to MMEL relief.

6.2.3.1 MMEL Task 2 table
- Task 2 table.

Note: verify that you are on the “MMEL” tab when opening the Task 2 table.
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6.2.4 Flight & Diversion Time Task

To meet the objectives of Task 2, the ASAWG established a task group to specifically
address Flight Time, Diversion Time, Flight Phase and At Risk Time. The task group
documented what the primary issues were regarding the many regulations, guidance
materials and industry examples, identified in Task 1.

The 6.2.4.1 table summarizes the associated regulations and background of each,
along with industry application and practices. Also several questions were addressed
regarding each of these examples. Some of these questions (written with MMEL in
mind) are not applicable to flight time and diversion time and are so noted.

In summary, the flight time and diversion time team, notes that the ETOPS rule was
recently revised and incorporates text that says it is necessary to meet 25.1309
under the ETOPS allowed configurations, so any changes that are made to 25.1309
is to cover ETOPS by default. Additionally, the item titled "Maximum flight time or
maximum diversion time against mean flight time in Functional Hazard Assessments"
is to address flight length (which may be driven by ETOPS flight times) assumptions
in FHAs. The flight time and diversion time team recommends that all areas be
further investigated in Task 3 and be considered within any specific risk discussion.
Two items on the table, address basic assumptions made for a system or airplane in
its functional hazard assessment with respect to flight length extremes. Assumptions
made for shorter or longer than average flight lengths can in some cases result in
severity of a failure condition being misclassified.

6.2.4.1 Flight & Diversion Time Task 2 table
- Task 2 table.

Note: verify that you are on the “Flight” tab when opening the Task 2 table.

6.2.5 Task 2 Table — Excel Workbook

There are some incomplete fields with missing words in the tables from 6.2.1, 6.2.2,
6.2.3, and 6.2.4 due to the formatting issues, so that an MS Excel workbook is
attached as follow:

ASAWG_Task 2
Table

[Click on the above link (icon) for opening the workbook]
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Latent

		Latent Task

		Task 2

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		HOW

								1-Criteria used for selecting failure condition worthy of consideration		2-Acceptability of the next most critical failure on safe operation		3-Failure probability assumptions and method of substantiation		4-Criteria for determining allowable exposure times		5-Criteria for limiting the exposure time		6-One failure away from catastrophe

		25.671c2
(single plus probable)		Based on Service History/Good Engineering Practice		Current FAA Interpretation of Existing Rule

(previous JAA interpretation of 671c2 is different - if the combined single + probable failures are shown to be extremely improbable then they do not need to be considered.)		Section 25.671(c)(2) primarily relies on the 25.1309 analysis to identify "combinations of failures not shown to be extremely improbable."In addition, Section 25.671(c)(2) specifies that any "single plus probable" failure combinations must also be considered.Probable failures are as defined in AC 25.1309-1A.  The "single plus probable" criteria does not address latent failures, per se.  However, on past 25.671 issue papers, the FAA has stated that latent failures must also be considered in addition to "single plus probable" unless they are mitigated by "reasonable periodic checks."		The "single plus probable" criteria does not assume a latent failure exists, and therefore it does not address "the next most critical failure."		Based on 25.1309 system safety analysis.		None is specified.		None is specified.		Not prohibited, but limited by rule.  The last failure cannot have a probablility greater than 1E-5 for electrical or hydraulic failures.

		25.671c2
(single plus probable)		Issue Paper to Clarify Application of Existing Rule (Based on Service History/Good Engineering Practice)		Industry		For each Catastrophic condition identify the failure combinations causing the condition using 25.1309 analysis methods (e.g. fault tree analysis). Consider all dual failure combinations. For each dual failure determine that the last failure in the failure sequence is not Probable.  Probable is defined as a probability greater than 1E-5. Consider triple failure combinations only if the failure combination contains a failure that is latent for the life of the airplane. For these failure combinations determine that the joint probability of the last two failures in the failure sequence is not Probable.		For each dual failure combination look at the each possible permutation.  For each permutation assume the first failure in the failure sequence to exist and if the remaining or residual probability is not Probable the next critical failure is acceptable.  For each triple failure combination containing a failure latent for the life of the airplane look at each possible permutation.  For each permutation assume the first failure in the failure sequence to exist and if the remaining or residual joint probability is not Probable the next two failures are acceptable.		Based on 25.1309 system safety analysis.		Based on 25.1309 system safety analysis -Exposure time associated with latent failures was chosen to meet the average probability requirements of 1E-9 per flight hour.		Based on 25.1309 system safety analysis - Latent failures contributing to the Catastrophic conditions were considered significant. They were identified as CMRs. The maintenance action and interval associated with each CMR was identified and controlled via the FAA approved section of the AMM.		Not prohibited, but limited by rule.  The last failure(s) for individual cutsets cannot have a probablility greater than 1e-5.

		25.671c2
(single plus probable)		To Replace Current Rule and Inconsistent Industry Practices, Better Address Integrated Systems (Clarify Scope) and to Ensure Balanced Systems (Minimize Exposure Times)		ARAC		As with the current rule, the proposed 25.671(c)(2) would rely on the 25.1309 analysis to identify "combinations of failures not shown to be extremely improbable."In addition, the proposed 25.671(c)(2) would require consideration of any single failure plus any failure condition whose probability is greater than 1/1000.The 1/1000 criterion primarily impacts latent failures and has the effect of limiting exposure time.  Also addresses active failures.		The "single plus 1/1000" criteria limits the probability of the initial latent failure, such that when the single failure occurs, the probability that the latent failure exists (and would be catastrophic if combined with the single failure) is less than 1/1000.		The probability of the "additional failure state" is usually determined by multiplying the failure rate of the latent failure by its exposure time.		In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.		In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.		Not prohibited, but limited by rule.  The latent failure condition cannot have a probablility greater than 1 in 1000.

		25.671c2
(single plus probable)		The FAA hasn't determined whether the ARAC proposal is equivalent to the existing rule.  Therefore, in addition to the ARAC 1/1000 criteria, the FAA has required the following additional action:
“Failure conditions that are classified as catastrophic and that occur as a result of two failures, either of which are latent, must be highlighted in the system safety assessment, subject to review by the FAA.  This review will ensure that any such failure conditions are, in fact, extremely improbable by assessing 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.”		FAA implemetation of ARAC		The FAA issue paper states that an equivalent level of safety to the current requirement can be met with (I) the ARAC proposed criteria (single plus 1/1000), together with (II) FAA review of significant latent failures.		(I) The "single plus 1/1000" criteria limits the probability of the initial latent failure, such that when the single failure occurs, the probability that the latent failure exists (and would be catastrophic if combined with the single failure) is less than 1/1000.(II) The FAA review of significant latent failures is intended to ensure from a qualitative standpoint that any catastrophic condition that occurs as a result of two failures, either of which are latent, is extremely improbable.		(I) The probability of the "additional failure state" is usually determined by multiplying the failure rate of the latent failure by its exposure time.(II) The FAA review of significant latent failures is as spelled out above.		(I) In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.(II) No specific criteria, however emphasis is on the 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.		(I) In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.(II) No specific criteria, however emphasis is on the 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.		Not prohibited, but limited by rule.  The latent failure condition cannot have a probablility greater than 1 in 1000.

		25.671c2
(single plus probable)		EASA applies the ARAC proposal through a CRI.  In addition to what is required by the FAA (as shown above), EASA requires that the active failure has a probability of less than 1E-6 per flight hour for catastrophic failure conditions, and separately 1E-4 per flight hour for hazardous failure conditions.  (EASA CRI brings in elements of 25.1309 analysis, and thereby includes hazardous failure conditions.)		EASA implemetation of ARAC		In addition to the ARAC 1/1000 criteria, EASA requires that the active failure has a probability of less than 1E-6 per flight hour for catastrophic failure conditions, and separately 1E-4 per flight hour for hazardous failure.		The "single plus 1/1000" criteria limits the probability of the initial latent failure or failures, such that when the single failure occurs, the probability that the latent failure or failures exist (and would be catastrophic if combined with the single failure) is less than 1/1000.  The EASA review significant latent failures (for catastrophic or hazardous conditions).   In addition, EASA requires that the active failure has a probability of less than 1E-6 per flight hour for catastrophic failure conditions, and separately 1E-4 per flight hour for hazardous failure conditions.		Probability rates are as noted in previous columns.  Also:  Probability of Failure = Lamda x T/2 = Average Probability (must be less than 1/1000).		As noted previously.		As noted previously.		Not prohibited, but limited by rule.  The latent failure condition cannot have a probablility greater than 1 in 1000.  The active failure cannot have a probability of less than 1E-6 for catastrophic conditions, or 1E-4 for hazardous conditions.

		25.933 (Inflight Thrust Reversal)		Given the Amendment 40 Preamble criticism of the use of reliability, this compliance guidance for the proposed rule was intented to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.		ARAC recommended
3 lines of defense
1.00E-03		Any latent failure situation or combination of latent failure situations that could contribute to the occurrence of an inflight thrust reversal.                                                 Note: failure situation is defined as: "all failures that result in the malfunction of one independent command and/or restraint feature that directly contributes to the top level Fault Tree Analysis event."		Assuming any: One and only one latent failure situation is present, the next most critical failure cannot result in an inflight thrust reversal. Combination of latent failure situations are present, the next most critical failure can lead to an inflight thrust reversal provided the maximum time each pre-existing failure situation is expected to be present is related to the frequency with which that failure situation is anticipated to occur, such that their total probability of occurrence  is 1 E-3 or less.		Standard Safety Assessment Practices		Maximum time each allowable pre-existing failure situation is expected to be present is related to the frequency with which that failure situation is anticipated to occur, such that their total probability of occurrence  is 1 E-3 or less.		Maximum time each allowable pre-existing failure situation is expected to be present is related to the frequency with which that failure situation is anticipated to occur, such that their total probability of occurrence  is 1 E-3 or less.		Not prohibited, but limited by three lines of defense criteria.

		25.933 (Inflight Thrust Reversal)		Given the Amendment 40 Preamble criticism of the use of reliability, this reliability in lieu of controllability equivalent safety finding guidance was intented to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.		FAA GIP
Disp Config 1.0E-08
Residual risk 1.0E-06		Any failure condition that:could contribute to an inflight thrust reversal;could remain latent for more than one flight; and is anticipated to occur within the fleet life of the airplane type.                                                       Note: a default value of 1E-8 is given for those conditions nominally expected to occur within a fleet life. While given as a pure probability, in practice this default has been applied by considering any cut set with an average probability per flight hour greater than 1E-8.  While higher probabilities might be specifically justified, that would result in type design utilization and/or production restrictions, so to date the default is all that has been used.		Assuming any anticipated latent failure condition is present:  No single failure may result in inflight thrust reversal ; and the average probability per flight hour of an inflight thrust reversal must be less than 1E-6.		Standard Safety Assessment Practices		Indirectly limited by: the maximum exposure for which a given latent failure condition is not anticipated to occur, and hence exempt from a specific risk assessment; the maximum exposure for which the average probability remains less than  1E-6 during each flight hour; and the maximum exposure for which the average probability per flight hour remains less than  1E-9.		Indirectly limited by: the maximum exposure for which a given latent failure condition is not anticipated to occur, and hence exempt from a specific risk assessment; the maximum exposure for which the average probability remains less than  1E-6 during each flight hour; and the maximum exposure for which the average probability per flight hour remains less than  1E-9.		Prohibited for any latent preconditions that are more likely than 1E-8.

		25.901 c		Most current guidance to support a finding of compliance with the rule. Evolved from historical compliance practice of using "bottom up" qualitative analysis of "latent plus one" failures under worst case conditions as "probable combinations". As 1309 type "top down" quantitative analysis added to address "probable combinations" within complex fault tolerant systems as well as "average risk" issues, the practice of also covering "latent plus one worst case" was retained.		Current FAA Interpretation of Existing Rule		Latent failure conditions not shown to be extremely remote that could contribute to a subsequent condition that would jeopardize the safe operation of the airplane.		No foreseeable single failure may jeopardize the safe operation of the airplane. Foreseeable single failure is defined as: "any failure, or set of failures not shown to be independent from each other, for which the physics of the failure can be defined and it's occurrence cannot be acceptably ruled out.  There are occasions where it may be feasible to acceptably rule out a "latent plus one" type failure condition based upon the reduced exposure (e.g. having the latent present at dispatch is extremely remote), relevant independent conditional probabilities (e.g. only one percent of occurrences of the "latent plus one" failure condition would "jeopardize"), and/or some commensurate integrity assurances (e.g. "critical parts controls", "safe life", etc.).  Note : In §25.1309(b) terms, "jeopardize" means : results in catastrophe, serious injury or exceedingly hazardous continued operation. No probable combination of failures may jeopardize the safe operation of the airplane. Probable combination is defined as any failure conditions which are anticipated to occur within the relevant exposure time. Note this definition pre-dates and is in contrast to that used in AC25.1309-1.For combinations of failures where either the criticality or the probability per flight hour are expected to vary significantly over the fleet life of the airplane type, the predicted average probability per flight hour should still meet the AC25.1309-1B( Arsenal Version) guidelines, and the predicted probability during any one flight hour should normally not exceed 10-6/hr for a catastrophic failure condition or 10-4/hr for a hazardous failure condition.  Exceptions are occasionally made for risks limited to either acceptably short durations or rare "get home only" situations.		Standard Safety Assessment Practices		Indirectly limited by:the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment;the maximum exposure for which there is still an acceptable average probability during each flight hour (i.e. less than 1E-4 to 1E-6 depending upon the severity);the maximum exposure for which there is still an acceptable average probability per flight hour during the fleet life (i.e. less then 1E-7 to 1E-9 depending upon the severity).		Indirectly limited by:the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment;the maximum exposure for which there is still an acceptable average probability during each flight hour (i.e. less than 1E-4 to 1E-6 depending upon the severity);the maximum exposure for which there is still an acceptable average probability per flight hour during the fleet life (i.e. less then 1E-7 to 1E-9 depending upon the severity).		Allowable by exception.

		25.981		Regulatory requirement mandating the preferred means of compliance with 25.901(c) in an attempt to prevent any repeat of TWA 800. Several of the "candidate" causes involved "latent plus one" scenarios.		Current FAA Interpretation of Existing Rule		Latent failure conditions not shown to be extremely remote that leave the airplane one failure away from creating an ignition in the fuel tank or fuel tank system where catastrophic failure could occur due to ignition of fuel or vapors.		Assuming any anticipated latent failure condition is present:  No single failure may result in a potentially catastrophic ignition source.		Standard Safety Assessment Practices.
The fluid is assumed to be flammable at the time the ignition source is created.		Indirectly limited by: the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment; andthe maximum exposure for which the average probability per flight hour remains less than  1E-9.		Indirectly limited by: the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment; andthe maximum exposure for which the average probability per flight hour remains less than  1E-9.		Prohibited for any latent preconditions that are more likely than 1E-7 per hour.

		Existing 25.1309		AC written to explain how to apply FAR 25.1309 (or 14 CFR 25.1309)		Existing Advisory Material AC25.1309-1A		Comes out of FHA process		Determined by joint probability requirement for failure condition		Based on 25.1309 system safety analysis and guidance material given in ARP4761.		Determined by joint probability requirement for failure condition		Determined by joint probability requirement for failure condition.    The AC proposes two acceptable  methodologies for limiting exposure time: (1) Certification Check Requirements (CCRs). Identifying latent failures by scheduled maintenance.  Latent failures can be assumed to be identified based upon return to service test on the LRU following its removal and repair (component Mean Time Between Failures (MTBF) should be the basis for the check interval time). (2) practical and reliable failure monitoring and warning systems.		Not prohibited.

		Proposed 25.1309		To promote future discussion on Specific Risk.  To provide interim review of significant latents.		Arsenal 9.c.6		The arsenal AC provides the following qualitative criterion for identifying significant latent failures:"A significant latent failure is one which would in combination with one or more specific failures or events result in a Hazardous or Catastrophic Failure Condition".		The next failure must be shown to be independent and have reliability such that the joint probability meets the required probability objective for the failure condition.  In addition for catastrophic conditions the Arsenal AC paragraph 9 (c) (6) provides the following additional criterion:    "The use of periodic maintenance or flightcrew checks to detect significant latent failures when they occur is undesirable and should not be used in lieu of practical and reliable failure monitoring and indication.  Where this is not accomplished, the system safety assessment should highlight all those significant latent failures that leave the airplane one failure away from a failure condition classified as catastrophic.  These cases should be discussed with the regulators as early as possible after identification"For this additional criterion acceptability is based on general guidance within the Arsenal AC for 25.1309.    Existing guidance discusses attributes such as independence between failures, justification of assumptions, data sources etc. In highlighting these significant latent failures the above attributes are also highlighted for review.  Note: The objective per the SDAHWG Final Report was to increase visibility of significant latent failures for catastrophic failure conditions but not to introduce additional qualitative or quantitative criteria beyond existing CFR 25.1309 practices. The need, if any, for additional criteria was proposed to be discussed during a later ARAC activity.		Based on 25.1309 system safety analysis		Exposure time associated with latent failures was chosen to meet the average probability requirements per flight hour.		The Arsenal AC proposes two acceptable  methodologies for limiting exposure time: (1) Certification Maintenance Requirements. Identifying latent failures by scheduled maintenance.  Latent failures can be assumed to be identified based upon return to service test on the LRU following its removal and repair (component Mean Time Between Failures (MTBF) should be the basis for the check interval time). (2) Flight crew checks.		Not prohibited.

		25.1309
AC 25-19		To detect latent failures that can not otherwise be detected with an exposure time adequate to meet the SSA requirements for hazardous or catastrophic failure conditions.		Current FAA Interpretation of Existing Rule		Safety Analysis identifies latent failures that would in combination with other failures lead to hazardous or catastrophic failure conditions and where practical and reliable monitoring and warning systems are not possible.		Safety analysis should show compliance with 25.1309 when exposure time from CMR is used for latent failure.   Single point failures in combination with latent failures should be brought to the attention of the certification authorities.		Based on 25.1309 System Safety Assessment.		Exposure times are chosen to meet the average probability requirements from the safety analysis.		Exposure times are chosen to meet the average probability requirements from the safety analysis.		N/A

		25.1309,  ARP4761		Additional conservatism in the FTA analysis		Industry Practice		Comes out of FHA process		Determined by joint probability requirement for failure condition		Based on 25.1309 System Safety Assessment.		Exposure times are chosen to meet the worst case exposure time (T vs. T/2) requirements from the safety analysis.		Exposure times are chosen to meet the worst case exposure time (T vs. T/2) requirements from the safety analysis.		Not prohibited.

		25.901c and 25.1309                Time Limited Dispatch		See Example 6 from MMEL group for TLD Example

		25.1309		Agreed industry practice with certification authorities for a type certification project due to lack of common harmonised approach over all systems in regulations/ARAC recommendations.		Methodology for assessing the Specific Risk induced by latent failures consists in showing that the system design remains fail safe (still more than one active/evident failure necessary to fail) or is acceptably safe with an individual latent failure present. 
The method of demonstrating that the design is acceptably safe is to assume that each individual failure, which is known to be latent and not detected at each flight or during daily check, has occurred prior to a given flight (Pf set equal to 1 in the FTA). During that flight, each Failure Condition involving that individual latent failure should be shown to occur at a rate less than or equal to 1x10-6 per flight hour if it is Catastrophic. Similarly, if such Failure Condition is Hazardous, it should be shown to occur at a rate less than or equal to 1x10-4 per flight hour.		Each catastrophic or hazardous failure condition with latent failure.		The average probability of the remaining failure or combination of failures should be less than or equal to 1x10-6 / 1x10-4 per flight hour if it is catastrophic / hazardous.		According to 25.1309.		According to 25.1309: Exposure time associated with latent failures was chosen to meet the average probability requirements per flight hour.		Failure combinations leading to catastrophic/hazardous include more than one latent failure: The exposure time(s) of the remaining latent failure(s) supposing that an individual latent failure has occurred prior to the flight has/ve to be chosen in a such a way (i.e. design is acceptably safe), that the average probability of the remaining failure or combination of failures is less than or equal 1x10-6 / 1x10-4 per flight hour if it is catastrophic / hazardous.Furthermore according to CS-25 AMC 25.1309 / Arsenal AC 25.1309 two acceptable methodologies for limiting exposure time:Certification Maintenance Requirements: Identifying latent failures by scheduled maintenance. Latent failures can be assumed to be identified based upon return to service test on the LRU following its removal and repair (component Mean Time Between Failures (MTBF) should be the basis for the check interval time).		Not prohibited.





Active & Design

		Active Task

		Task 2

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		HOW

								1-Criteria used for selecting failure condition worthy of consideration		2-Acceptability of the next most critical failure on safe operation		3-Failure probability assumptions and method of substantiation		4-Criteria for determining allowable rectification intervals		5-Criteria for limiting the rectification or dispatch interval		6-One failure away from catastrophe

		25.671c2
(Single plus probable)		Based on Service History/Good Engineering Practice		Current FAA Interpretation of Existing Rule		Section 25.671(c)(2) primarily relies on the 25.1309 analysis to identify "combinations of failures not shown to be extremely improbable." In addition, Section 25.671(c)(2) specifies that any "single plus probable" failure combinations must also be considered.  Probable failures are as defined in AC 25.1309-1A.		The "single plus probable" criteria assumes a failure exists, and therefore it does address "the next most critical failure."		Based on 25.1309 system safety analysis.		Based on 25.1309 system safety analysis 
Since both failures are active on the same flight, the dispatch interval is no more than the one flight.		Credit for crew action maybe taken after first failure.  No dispatch interval beyond the flight.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.

		25.671c2
(Single plus probable)		Issue Paper to Clarify Application of Existing Rule (Based on Service History/Good Engineering Practice)		Industry		For each Catastrophic condition identify the failure combinations causing the condition using 25.1309 analysis methods (e.g. fault tree analysis). Consider all dual failure combinations. For each dual failure determine that the last failure in the failure sequence is not Probable.  Probable is defined as a probability greater than 1E-5.		For each dual failure combination look at the each possible permutation.  For each permutation assume the first failure in the failure sequence to exist and if the remaining or residual probability is not probable the next critical failure is acceptable.  Triple failure containing latents are covered by the Latent group.		Based on 25.1309 system safety analysis.		Based on 25.1309 system safety analysis 
Since both failures are active on the same flight, the dispatch interval is no more than the one flight.		Credit for crew action maybe taken after first failure.  No dispatch interval beyond the flight.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.

		25.671c2
(Single plus probable)		On numerous recent certification programs, the FAA has accepted the use of the ARAC 25.671 “single plus 1/1000” criteria as providing an equivalent level of safety to the current rule.  (See discussion on ARAC proposed 25.671(c)(2).)  However, in addition to the ARAC 1/1000 criteria, the FAA has required the following additional action:
“Failure conditions that are classified as catastrophic and that occur as a result of two failures, either of which are latent, must be highlighted in the system safety assessment, subject to review by the FAA.  This review will ensure that any such failure conditions are, in fact, extremely improbable by assessing 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.”		ARAC FCHWG  In the presence of any single failure in the flight control system, any additional failure states that could prevent continued safe flight and landing shall have a combined probability no greater than 1 in 1000. This paragraph excludes failures of the type defined in (c)(3). (Only Active/Active and Latent/Active failure conditions to be considered by the Active TG)		The ARAC 25.671(c)(2) approach requires the setting of a system latent or active failure to 1, then identifying the remaining failure states that could prevent continued safe flight and landing. The process is repeated for each single failure. For this TG, the remaining failure states would be limited to an active failure only where the first failure could be either an active or a latent failure.		The “single plus 1/1000” criteria limits the probability of the remaining failure state, such that when the initial single failure is present, the probability of occurrence for the remaining failure is no greater than 1/1000.		A single failure is assumed to have occurred (latent or active) regardless of it's original failure probability where the remaining branch (only those components whose failure is indicated to the crew are assessed in this TG) must have a probability of failure no greater than 1/1000		Based on 25.1309 system safety analysis 
Since both failures are active on the same flight, the dispatch interval is no more than the one flight.		Credit for crew action maybe taken after first failure.  No dispatch interval beyond the flight.		At the start of the flight, the aircraft is considered full up.

		25.933
(Inflight Thrust Reversal)		ARAC guidance (Draft AC/AMJ 25.933).
Given the Amendment 40 Preamble criticism of the use of reliability, this compliance guidance for the proposed rule was intended to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.
At least a combination of two active failures is required for inflight thrust reversal.		Industry Application of ARAC recommendation (Reliability Option)		A combination of two active failures required for inflight thrust reversal.		Assuming any one and only one active failure situation is present during a flight, the next most critical failure can lead to an inflight thrust reversal and this cannot by itself be a latent failure.		Based on 25.1309 system safety analysis and the use of field data to establish failure rates.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.		At the start of the flight, the aircraft is considered full up. If there is an item relief by MMEL, then at least 2 active failures required for inflight thrust reversal.

Yes, for two channel systems where both failures are active, no for systems with more than two channels.

		25.901 c		1309 type "top down" quantitative analysis covers active - active failures including "probable combinations" within complex fault tolerant systems.		Current FAA Interpretation of Existing Rule		Single failure in combination with each latent failure condition not shown to be extremely remote that could contribute to a condition that would jeopardize the safe operation of the airplane.		No foreseeable single failure may jeopardize the safe operation of the airplane. Foreseeable single failure is defined as: "any failure, or set of failures not shown to be independent from each other, for which the physics of the failure can be defined and its occurrence cannot be acceptably ruled out."
For combinations of failures ("active") whose criticality and probability per flight hour are both expected to remain essentially constant over the fleet life of the airplane type, compliance with §25.1309(b) by means of AC25.1309-1B (Arsenal Version) acceptably covers compliance with the “probable combinations” aspect of §25.901(c).		Standard Safety Assessment Practices		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

The Latent groups addresses latent failures.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

None is specified. Limiting the exposure time according to MMEL.
The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up. 

Yes, for two channel systems where both failures are active, no for systems with more than two channels.

		25.981		Regulatory requirement mandating the preferred means of compliance with 25.981 in an attempt to prevent any repeat of TWA 800.  25.981 (a) (3) "Demonstrating that an ignition source could not result from each single failure, from each single failure in combination with each latent failure condition not shown to be extremely remote, and from all combinations of failures not shown to be extremely improbable.  The effects of manufacturing variability, aging, wear, corrosion, and likely damage must be considered.		Current FAA Interpretation of Existing Rule		Ignition source resulting from each single failure in combination with each latent failure condition not shown to be extremely remote [Latent group], and from all combinations of failures not shown to be extremely improbable.		Active failures would allow credit for crew action.

Latent failures are covered by the Latent group.		Standard Safety Assessment Practices		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

The Latent groups addresses latent failures.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

None is specified. Limiting the exposure time according to MMEL.
The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up. 

Yes, for two channel systems where both failures are active, no for systems with more than two channels.

		Existing 25.1309		(b) The airplane systems and associated components, considered separately and in relation to other systems, must be designed so that—

(1) The occurrence of any failure condition which would prevent the continued safe flight and landing of the airplane is extremely improbable, and

(2) The occurrence of any other failure conditions which would reduce the capability of the airplane or the ability of the crew to cope with adverse operating conditions is improbable.

Also CS 25.1309		Existing Advisory Material AC25.1309-1A		Comes out of FHA process		Determined by joint probability requirement for failure condition		Based on 25.1309 system safety analysis		Determined by joint probability requirement for failure condition		None is specified. 

Limiting the dispatch interval according to MMEL. The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.

		1309
AC 25-19		Does not apply to active - active failures.		Current FAA Interpretation of Existing Rule		Does not apply to active - active failures.		Does not apply to active - active failures.		Based on 25.1309 System Safety Assessment.		Active failures do not have an dispatch interval of more than one flight, if not otherwise stated in the MMEL. The Latent groups addresses latent failures.		None is specified. 

Limiting the dispatch interval according to MMEL. The Latent groups addresses latent failures.		NA

		25.901c and 25.1309
(Time Limited Dispatch)		FAA Policy included as appendix B of SAE ARP 5107 Rev B.  This does apply to active-active failures		SAE ARP 5107 Rev B.		For Dual:
Dual-engine shutdown probability due to control system failures including C2 faults (latent) is classified as Catastrophic.

For Single:
Any  Electronic Engine Control failure that would increase the Loss of Thrust Control Rate above 1E-5 per hour.		Control system dual-engine shutdown rate should be kept below 1E-9/hour. Consequences of next most critical failure vary widely, depending on the precise dispatch configuration of both engines.

For Single:
Will not increase Loss of Thrust Control Rate beyond an engine specific threshold (1E-4 per hour).		see SAE ARP5107 - Guidelines for Time-Limited-Dispatch (TLD) Analysis for Electronic Engine Control Systems		Fleet-average predicted shutdown rate shown to meet 25.901c and 25.1309		Fleet-average predicted shutdown rate shown to meet 25.901c and 25.1309		Yes, for two channel systems, no for systems with more than two channels.

		33.75		no 'probable' engine failure result in various effects from prior rule.		AC33.75.  FMEA or FTA most commonly used		Single or multiple failures resulting in 7 specific effects for hazardous engine, or resulting in major engine effects. Primary failures of critical components (parts required to have high integrity) are excluded from analysis		probabilistic for average engine		Similar to 25.1309 guidance requirements; hazardous engine level and major engine level only (catastrophic not considered at engine level).   Credit permitted for the probability of specific modes or mission segments where the failure condition is limited to those modes or segments (7c).		Active failures do not have a dispatch interval of more than one flight, if not otherwise stated in the MMEL. The Latent groups addresses latent failures.		Limiting the dispatch interval according to MMEL.  The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more than two channels.

		33.28		Certain engine mechanical failure modes that would otherwise result in an uncontained engine burst are mitigated with an overspeed protection system. AC 33.28-1 assures that this overspeed protection system is designed with a reliability level commensurate with its role.		AC 33.28-1 requires that the failure rate of the overspeed protection system should be on the order of one event per 10,000 hours.  This requirement applies to each configuration allowed to dispatch - - i.e. any MMEL or TLD concessions cannot increase the risk above 1 in 10,000 hours. Also, the overspeed protection system must be checked and verified operational prior to each flight. (Not all paths of the system are necessarily checked every flight, but overall system operation is verified).		Active failures would allow credit for crew action.  Latent failures are covered by the Latent group.		Active failures would allow credit for crew action.  Latent failures are covered by the Latent group.		A fault tree is prepared for the failure condition "Loss of Overspeed Protection" to obtain quantitative verification of compliance.		Most system components have only a 1-flight latency period. However, certain redundant components may be in a failed stated for multiple flights.  The dispatch interval for each is determined per the applicable details of the engine operation and maintenance manual.   If no inspection or test schedule is defined in the manual(s), the component is assumed to have a dispatch interval (exposure time) equal to the component service life.		The overspeed protection system must be checked and found operational before each flight. [Mandatory per AC 33.28-1].		Yes, for two channel systems, no for systems with more than two channels.

		FAR 25.904
CS 25.20c		Appendix I25.3 System Reliability Requirements.
(a) An ATTCS failure or a combination of failures in the ATTCS during the critical time interval:
(1) Shall not prevent the insertion of the maximum approved takeoff thrust or power, or must be shown to be an improbable event.
(2) Shall not result in a significant loss or reduction in thrust or power, or must be shown to be an extremely improbable event.
(b) The concurrent existence of an ATTCS failure and an engine failure during the critical time interval must be shown to be extremely improbable.

(c) See CS Appendix I for inadvertent operation of ATTCS to be remote ou resulting in minor event		FAR 25.904
CS 25.20(c)
Appendix I		An ATTCS failure during the critical time interval that doesn't show to be an improbable event.

An ATTCS failure and an engine failure (or resulting in a significant loss or reduction in thrust or power) during the critical time interval that doesn't show to be extremely improbable.		An ATTCS failure and an engine failure (or resulting in a significant loss or reduction in thrust or power) during the critical time interval must be shown to be extremely improbable.		Probability of failures based on in-service database.		An ATTCS failure or a combination of failures in the ATTCS during the critical time interval must shown to be an improbable event.

An ATTCS failure and an engine failure (or resulting in a significant loss or reduction in thrust or power) during the critical time interval must shown to be extremely improbable.		An ATTCS failure or a combination of failures in the ATTCS during the critical time interval that doesn't show to be an improbable event.

An ATTCS failure and an engine failure (or resulting in a significant loss or reduction in thrust or power) during the critical time interval that doesn't show to be extremely improbable.		Yes (engine failure and ATTCS failure during take off)

		Aging, Wear and Cycle Dependences		25.981
25.1309
Others?		RR & GE have addressed components, where reliability monitoring/tracking has shown an increasing risk of component failure, by using the wear-out probability rates (to calculate a new average risk probability that is specific to a population) to determine the removal times for the critical components (i.e. those at highest risk removed first followed by different times for those at lower risk) – currently used for continuing airworthiness purposes only. 
25.981 is one of the first regulations to incorporate reference to the need to consider wear, aging, degradation, etc.
Analysis may be revisited after aircraft TC to extend design service goals or lifetime.  
The update of analysis may 
- concentrate on catastrophic and some hazardous failure conditions,
- lead to the revision of the constant failure rates of equipments/items concerned due to the extended design service goals or lifetimes (e.g. revision of constant failure rates for equipments/items, if extended design service goals or lifetimes lead to increased fatigue loads not covered by specification for TC).		If a population exceeds the type design limits. Analysis for catastrophic (and some hazardous) may be revisited after aircraft TC to extend design service goals or lifetime.		NA		Extended design service goals or lifetime: 
Based on 25.1309 system safety analysis.		Extended design service goals or lifetime: 
Based on 25.1309 system safety analysis. 
Analysis may be revisited after aircraft TC to extend design service goals or lifetime.		Extended design service goals or lifetime: 
Based on 25.1309 system safety analysis. 
Analysis may be revisited after aircraft TC to extend design service goals or lifetime.		NO

		Operating Mode		Existing 25.1309, Arsenal AC 25.1309		25.1309 Process		Only normal operating procedures are addressed. Failures are addressed by the Active Task Group.		NA. 25.1309 and the AFM determines what you are going to do. (Operating mode selected by the pilot)		Some operating modes inside the envelope are assumed to have a probability of 1. Others have probabilities less than 1.		One flight.		AFM procedure (one flight).		No.

		Flight Condition		Existing 25.1309, Arsenal AC 25.1309		25.1309 Process		Inside approved flight envelope		Following a failure, the aircraft is still in approved flight envelope.  And is addressed by 25.1309.		Some flight conditions inside the envelope are assumed to have a probability of 1. Others (e.g. crosswind, gust, turbulence ) have probabilities less than 1.   Probabilities are either published in the AC's or negotiated with the certification agencies on a case by case basis.		One flight.		NA (AFM).		Yes. Some examples presented where single string architectures where a single failure leads to a CAT failure condition have been accepted.





MMEL

		MMEL Task

		Task 2

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		How

								1-Acceptability of next most critical failure on safe operation		2-Crew limitations and procedures		3-Reliability of critical components (how the reliability of components substantiated ?)		4-Allowable exposure times		5.1 Do you make a quantitative assessment for MMEL dispatch Item(s) ? 5.2 if yes, what are acceptance criteria for item and number		6-One failure away from catastrophe

		FOEB process		FAA Policy Letters		AEG Review of applicant P-MMEL		FOEB/ MMEL FAA & Industry Group		FOEB/MMEL FAA & Industry Working Group		FOEB/MMEL IG/ FAA Policy Letters		FAA PL’s/  MMEL IG		Do not use it. Exceptions exist		no

		FOEB, JOEB and TCCA process		FAA Policy Letters		AEG Review of applicant P-MMEL		FOEB/ MMEL FAA & Industry Group		FOEB/MMEL FAA & Industry Working Group		FOEB/MMEL IG/ FAA Policy Letters		FAA PL’s/  MMEL IG		Do not use it. Exceptions exist		no

		FOEB process		FAA Policy Letters		Proposed  P-MMEL to AEG		Engineering and operational judgement is used to determine what equipment should be considered as the next critical failure.		Part of the overall MMEL development process (using engineering and operational judgement) to ensure item has "acceptable level of safety"		OEM Continued Operational Safety Program monitors inservice reliability for all airplane systems.  If an item is identified that affects the MMEL, the MMEL would be revised as needed		No FAA guidance for determining if item should be Category A, B or C.  FAA Policy Letter 52 provides guidance for determining items that are Category D.		No, Must have an "acceptable level of safety"		no

		Certification Process		The assessments are performed based on the item in question inoperative + the next failure		OEM provide SSA assesmment for dispatch with the requested MMEl item		Look at system safety analysis and impact of inoperative item coupled with the next failure and assess whether the residual probability is still “on the order” of what it should be for the failure classification being assessed		Determine if there are additional crew or maintenance procedures required (i.e. checking functioning of systems/components that would not normally be checked to ensure they are available). List as proviso’s of the relief.		System safety analysis and any testing done to validate scenario		Look what can be allowed in order to achieve the objectives of #1. Also use qualitative engineering judgement.		5.1: yes, MMEL SSA required for significant (Haz&Cat) items
5.2: on the order of Full Up 25.1309 requirements		no

		JAR MMEL		JAR MMEL/MEL.010 - The MMEL is a general document that lists the equipment which may be temporarily inoperative, subject to certain conditions, while maintaining an acceptable level of safety as intended in the applicable JAR. Each MMEL is specific to an aircraft type.		Dedicated Applicant-EASA meetings - dedicated JOEB Board including Project Certification Manager		Qualitative or quantitative, review OEM method for acceptability.		Cert review (especially by Flight test panel - The cert panels review all items and consider not just limitations and procedures. Flight test panel normally have the most significant input as they have a greater overview and experience flying the type and factors that affect performance), comparison of relief given on similar types.		Quantitative analysis and flight test where required. - primarily where there are concerns related to pilot workload and operating procedures - not sure this fits here as it is not directly related to reliability, the only reliability figures we review are related to the SSA.		Engineering judgement, comparison with similar example where available.		Upon applicant's philosophy		no

		Similar to FOEB process		Similar to FAA PL		In the past programs, because of Embraer internal approach of dealing with MMEL items, it was agreed that these items should be considered failed for the certification purpose (single item in general at a given time).		Considering p=1 for MMEL items, others should follow 1309 criteria		Crew procedures defined based on indicated failures (active failures).		Is this for Latent failures? If so, for significant dormant failures, leading to catastrophic or hazardous failure conditions, we do highlight them at certain level which may become CCMR. And then there is some others criterion to reduce maintenance interval depending on their criticalities		Hypothetically any exposure time would be allowed for MMEL items since this is considered failed. I f not compliant, use of benchmark to industry standards.		5.1: yes
5.2: Full Up 25.1309 requirements with exceptions		no

		Part of FOEB process		we offer guidance to the Flight Operations Evaluation Board (FOEB), who are responsible for the MMEL, as to the acceptability of MMEL items		Apply PL 45 and FAA ANE Policy letter on TLD		Obviously, it is not allowed to result in a Catastrophic condition or  in a Hazardous condition.  Again, the method used is generally a qualitative evaluation of the next “most significant” failure. Note: overspeed protection feature is NO GO item. Dispatch with engine-related TCM protection inoperative for a very limited period.		Qualitative process are generally used.  The acceptability of any proposed limitations and procedures is determined by the safety board for the type design aircraft - as well and the FAA and manufacturer pilots.		Critical components – and the “survey or inspection” of them – should be covered by the Instruction for Continued Airworthiness (ICA’s) for the aircraft.  In addition, the Maintenance Review Board will issue the required minimum maintenance plan for the type design aircraft following it’s MSG 3 meetings and the issuance of the Maintenance Planning document for the aircraft.		For TLD operations of FADEC systems, the time limits are not covered via a CMR at the aircraft level, because they are contained in the Instructions for Continued Airworthiness for the engine. When dispatching with short time (ST) faults under the MMel, the time period cannot be longer than that given in the Engine’s ICA’s. Exposure time is established by analysis and approved by FAR33 Authorities.		5.1: yes, All MMEL disptaches and latent fault conditions are included in the TLD reliability analysis.
5.2: LOTC rate set less than 10-4 per engine (average risk, includes all dispatch cases plus latency time for all possible latent failures)		no.

		FOEB Process		MMEL policy - Aircraft and system failure analysis reports - Previous MMELs		"Cert people" in P-MMEL preparation		quantitative safety analysis supported by Failure reports		Group discussion of failure (flight test and cert people)		Failure reports		MMEL policy - quantatively non limited items : common sense used to establish rectification intervals		5.1: yes
5.2: Full up 25.1309 requirements		no

		Joint FOEB/JOEB process		JAR MMEL/MEL & FAA PL		The approval of the MMEL is under the JOEB/MMEL Subgroup responsibility. Authorities Certification Panel Specialists are requested to give their inputs as part of the support due to Authorities Operations Panel Specialists.		When it is demonstrated that the consequences of a system failure (MMEL item) are no more than Minor (maybe Major), the next step is to perform a qualitative analysis of the next critical failure in flight.A failure will be labelled as the next critical failure, when its consequences in combination with the specific failure (MMEL item failure), have the most severe effect on aircraft operations. Acceptable level of safety is maintained by the transfer of a function to another piece of equipment (redundancy), or the provision of required data by another piece of equipment (stand-by instruments) or the compliance with adequate limitations and/or procedures (flight crew and/or maintenance procedures). Potential operational and/or additional maintenance impacts (flight crew workload, human factors, etc.) are acceptable,		Part of the overall MMEL development process (using engineering and operational judgement) to ensure item has "acceptable level of safety".		No MMEL specific criteria		Allowable exposure times are the rectification intervals (A, B, C, D), which are determined in accordance with JAR-MMEL/MEL to maintain the acceptable level of safety. For some specific cases quantitative assessments are performed to support the MMEL coordinator in his determination. In this case, they will be guided by the method of specific and average risks evaluation (see below).		5.1: yes  for  items requested by JOEB  
5.2: 1309 average risk complied with - MMEL specific risk of one order of magnitude of 1309 quantitative requirements for Cat/Haz FC - for propulsion system, P=1 associated with worst dispatch case on engine side (P=1 for STD, Lambda*max_exp_time for LTD)		no

		Joint FOEB/JOEB process complemented by IP-Ox		JAR MMEL/MEL & FAA PL		Own process described in certification document 01-300 to define "acceptable level of safety". Apply also to Falcon FAA MMEL		For Catastrophic & hazardous, P=1 for failed item aim is to comply with full-up 1309 requirements. Exceptions exist. Other Failure Conditions (major & minor) and acceptance of MMEL items is qualitativley reviewed with JOEB/FOEB.		Based on failures operationnaly subsequent to MMEL item		No MMEL specific criteria		Mainly based on good engineering judgement		5.1: yes for Cat/Haz failure conditions - 5.2: Fullup 1309 requirements with few exceptions. Threshold at 10-5 for Major Failure Conditions		no

		FOEB, JOEB and TCCA process		FAA Policy Letters		AEG Review of applicant P-MMEL		FOEB/ MMEL FAA & Industry Group		FOEB/MMEL FAA & Industry Working Group		FOEB/MMEL IG/ FAA Policy Letters		FAA PL’s/  MMEL IG		Do not use it. Exceptions exist		no

		Special Conditions: Interaction Systems-structure						Dispatch with known failure conditions.  If the airplane is to be dispatched in a known system failure condition that affects structural performance, or affects the reliability of the remaining system to maintain structural performance, then the provisions of this special condition must be met, including the provisions of paragraph (b) for the dispatched condition, and paragraph (c) for subsequent failures.  Expected operational limitations may be taken into account in establishing Pj as the probability of failure occurrence for determining the safety margin in Figure 1.  Flight limitations and expected operational limitations may be taken into account in establishing Qj as the combined probability of being in the dispatched failure condition and the subsequent failure condition for the safety margins in Figures 2 and 3.  These limitations must be such that the probability of being in this combined failure state and then subsequently encountering limit load conditions is extremely improbable.  No reduction in these safety margins is allowed if the subsequent system failure rate is greater than 1E-3 per hour.

		Joint FOEB/JOEB process complemented by IP-O1		JAR MMEL/MEL & FAA PL		In very specific conditions there has been FAA and EASA certification authority involvement but this has generally been because of peculiarities of a system that is being implemented across several OEM platforms and the FOEB/AEG requested a review of processes. 
An MMEL evaluation is included in each system SSA and these evaluations are reviewed by the pertinent DER to ensure adequate justification is provided if a specific MMEL item would result in the fault tree falling below the specified level of availability.		All proposed MMEL items are reviewed in the SSA with a justification provided that assesses the next critical failure. Substantiations for MMEL items are based on: 
- 25.1309 hazard compliance, "OR" 
- Qualitative rationale showing only an order of magnitude reduction and/or multiple and independent redundant functional paths.  
This is documented in tabular format for each proposed MMEL identifying the affected fault trees, the quantitative impact and the mitigation rationale if the full up 25.1309 quantitative requirements are not met.		This is not specific to MMELs but included as in tabular format for every identified fault that would be annunciate on EICAS.  This data goes directly to the crew's Quick Reference Handbook outlying procedures and limitations for a given failure				With the exception of engine (TLD) and fail safe structural items (SSIs) an infinite "P=1" time is initially reviewed. 
If this is not acceptable then there are prescribed intervals that are desired at the beginning of the Program.  These are used as a starting point and depending on compliance then an unique interval will be derived or the system redesigned.		5.1: yes - 
5.2: goal is Full up 25.1309 requirements with exceptions identified and qualitative mitigations are provided		no





Flight

		Flight Time and Diversion Time

		Task 2

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		How

								1-Acceptability of next most critical failure on safe operation		2-Crew limitations and procedures		3-Reliability of critical components		4-Allowable exposure times		5-Meet average risk criteria of 1309		6-One failure away from catastrophe

		ETOPS Maximum Flight and Diversion Time. New Appendix K25		The airplane-engine combination must comply with the requirements of part 25 considering the maximum flight time and the longest diversion time for which the applicant seeks approval. [K25.1.1]    The preamble states: "The main impact that ETOPS will have on airplane safety
assessments is a potential increased hazard when considering the long range and diversion distances associated with an ETOPS flight. The purpose of conducting the airplane safety
assessments required by §§ 25.901(c) and 25.1309 are to evaluate the airplane for potentially hazardous safety conditions that are not specifically addressed elsewhere in the rule."		Practice prior to new rule: Perform SSA considering average ETOPS mission time and maximum diversion time  for ETOPS group 1 and 2 systems. New rule requires analysis to consider maximum mission time and maximum diversion time for both group 1 and 2 systems.		1. ETOPS requires very limited MMEL items per the flight manual, if ETOPS departs with MMEL items, then acceptability of next critical failure considered in MMEL development.
2. For certification the acceptability of the next critical failure is the same as for non-ETOPS flights.		Limitations associated with maximum diversion time must be included in flight manual (per K25.1.7).		New engine reliability standards for 2-engines and more-than-2-engines airplanes (K25.2, K25.3)		The "allowable" exposure times must consider maximum mission time and maximum diversion time for both group 1 and 2 systems.
Acceptability of time limited system capacities (per K25.1.3.c.)		Must meet 1309 criteria per Appendix K		Must meet 1309 criteria per Appendix K

		Flight Cycles 25.1309 (Arsenal)		General application of flight time or flight cycles is based on average flight profile.  
Concern is that exposure to cycle dependent failures increases if flight times in a given fleet are always below the average flight time considered in the FTA.  AC 25.1309 is silent on cycle dependent failures, the only relevent statement is Appendix 3b(2)  "If the failure is only relevant during certain flight phases, the calculation should be based on the probability of failure during the relevant "at risk" time for the "Average Flight"."
Low -cycle fatigue concerns are handled under 25.571.		Cycle to flight hr ratio is based on estimated aircraft life (in cycles and hours) and service history for similar models. The specific risk of higher cycles and average is not currently evaluated.		N/A		No impact on crew procedures due to life cycle considerations.		Currently, regulations are defined in a risk per FH basis - component reliability if cycle dependent is related to FH based on Cycle to FH assumptions.		For wearout life-cycle exposure is determined by analysis of individual components.
The allowable exposure time for latent failures is determined by the CMR process which uses average risk criteria.  
Life-limited parts are controlled by 25.571.		Currently rely on average risk calculation as means of finding acceptability
Average risk is met for the "average" fleet,  concern is that it will not be met for a given fleet with shorter than average cycle times for an SSA with cycle dependent failures.		N/A

		25.1309 
Treatment of Flight Time		When developing a new aircraft, the average flight time is usually determined from the customer requirements for the aircraft. This is an assumed value. When modifying an existing aircraft, the actual average flight time, based on in-service data, could be used. [ARP 4761 4.13]		For new aircraft, marketing projections are used to develop predicted routes and frequencies, which are combined to predict average flight times.  (ARP4761)
Flight time is limited by aircraft capabililty, environmental conditions, routes, alternates, and configuration.		N/A		Crews are subject to flight time limitations of FAR part 121.		Currently, component reliability (lamda) assumed to have exponential (constant) failure rate in most cases (in other words failure rates are constant regardless of length of flight).		Currently, the allowable standard is to develop the SSA using average flight times as well as average times for phases, maintenance intervals, etc. (except for ETOPS)		Current acceptable approach is to make average flight length assumptions based on assessment of  routes and frequencies that aircraft is predicted to fly in-service.
Average risk is met for the "average" (entire) fleet,  using averages for flight times, flight phases, and predicted maintenance intervals.		N/A

		Return Landing Capability Generic Issue Paper - Diversion Time		The FAA position is that airplane designs that do not provide for adequate return landing capabilities are unsafe.  Compliance with §§ 25.1301 and 25.1309 require the airplane systems to perform their intended functions during foreseeable abnormal operating conditions.  Since the adoption of the current rule, airplane aerodynamics (in particular, wing design) and propulsion technology have advanced to the state that current large transports are capable of lifting very heavy weights, with attendant high airplane energies when considering an immediate return landing.		For airplanes that use a fuel jettisoning system, the jettison rate should be such as to obviate all of the above issues in a 30 minute flight with 15 minutes of active fuel jettisoning.  If this cannot be accomplished, or for airplanes without fuel jettisoning systems, the applicant must address how the above issues will be resolved by design features or operational procedures.   This is done by performing a  RTL analysis in response to IP to demonstrate landing capability for return landing configuration.		N/A		Procedures that limit the takeoff field length are one means of complying with the return landing capability issue paper.		Component reliabilities may be used in an SSA to show that the probabiity of a catastrophic landing overrun accident following an airplane retuning to land, in conjunction with any system failure, shall not exceed 1E-9.		Use 30 minute flight time with 15 minutes of fuel jettison, other exposure times (maintenance intervals, etc.) typical of NPA assessments.		Yes, criteria is to meet 25.1309 requirements, if they cannot be met than operational procedures can be defined to eliminate hazard.		A return to land analysis should ensure that no single failure, will result in a catastrophic accident for a return landing scenario.

		maximum flight time or maximum diversion time against mean flight time in Functional Hazard Assessments
AC 25.1309 (Arsenal) para 10(c) Considerations When Assessing Failure Condition Effects 
para 10 (c)(2)(ii) "  Regardless of the types of assessment used, the classification of Failure Conditions should always be accomplished with consideration of all relevant factors; e.g., system, crew, performance, operational, external."		As a general rule, the qualitative (FHA) and quantitative (PSSA, SSA) evaluations are made considering a mean flight time. 
However: 
When assessing repercussions and classification of functional scenarios in the FHA, the consideration of mean flight time can lead to under-classify some Failure Conditions when the performance of considered remaining equipment or the induced environmental conditions characteristics are time dependent (e.g. battery charge when batteries are used, pressurised vessel when after a failure, pressure decreases in time, cabin temperature in LROPS condition after loss of cabin temperature control, equipment temperature in case of loss of cooling, etc.).		In these cases, to prevent such an under-classification of Failure Conditions, the maximum flight time or the maximum diversion time shall be considered systematically in the FHA when assessing functional failure scenario repercussions. This could lead to identify additional Failure Conditions, differing from those resulting from the mean flight time consideration by the classification (and the risk time).
For these Failure Conditions where the classification depends on a flight duration longer than the average ones, the calculation of expected probability in PSSA/SSA shall consider the maximum flight time or the maximum diversion time.		N/A		maximum flight time or the maximum diversion time shall be considered systematically in the FHA when assessing functional failure scenario repercussions. It cannot be excluded, and could for example lead to specific procedures.		N/A		N/A		No, if not considered in the FHA.  
Concern is that this approach is not conservaitve for some flights where hazard classification is dependent on flight time.
The calculation of average risk in PSSA/SSA may consider the maximum flight time or the maximum diversion time.		N/A

		shorter than average flight time against mean flight time in Functional Hazard Assessments
AC 25.1309 para 10(c) Considerations When Assessing Failure Condition Effects 
para 10 (c)(2)(ii) "  Regardless of the types of assessment used, the classification of Failure Conditions should always be accomplished with consideration of all relevant factors; e.g., system, crew, performance, operational, external."		As a general rule, the qualiitative (FHA) and quantitative (PSSA, SSA) evaluations are made considering a mean flight time. 
However: 
When assessing repercussions and classification of functional scenarios in the FHA, the consideration of mean flight time can lead to under-classify some Failure Conditions when the performance of considered remaining equipment or the induced environmental conditions characteristics are time dependent		In these cases, to prevent such an under-classification of Failure Conditions, a shorter than average flight  time may be considered systematically in the FHA when assessing functional failure scenario repercussions. This could lead to identify additional Failure Conditions, differing from those resulting from the mean flight time consideration by the classification (and the risk time).
For these Failure Conditions where the classification depends on a flight duration shorter than the average ones, the calculation of expected probability in PSSA/SSA shall consider the shorter flight time.		N/A		shorter than average flight time shall be considered systematically in the FHA when assessing functional failure scenario repercussions. It cannot be excluded, and could for example lead to specific procedures.		N/A		N/A		No, if not considered in the FHA.  Concern is that this approach is not conservaitve for some flights where hazard classification is dependent on flight time.
The calculation of average risk in PSSA/SSA may consider the shorter flight time if the hazard classification is more severe.		N/A

		Flight Phase		[25.1309 Arsenal Appendix 3 paragraph b2]  If the failure is only relevant during certain flight phases, the calculation should be based on the probability of failure during the relevant "at risk" time for the "Average Flight". 

[25.1309-1A paragraph 10 (2) b] They [probabilities] are usually expressed in terms of acceptable numerical probability ranges for each flight-hour, based on a flight of mean duration for the airplane type.		[25.1309 Arsenal Appendix 3 paragraph b2]  Average risk analysis will, if the failure is only relevant during certain flight phases, use a calculation based on the probability of failure during the relevant "at risk" time for the "Average Flight", typically normalized to average per flight hour.  

[25.1309-1A paragraph 10 (2) b] However, for a function which is used only during a specific flight operation; e.g., takeoff, landing, etc., the acceptable probability should be based on, and expressed in terms of the flight operation's actual duration.		N/A		Crew cannot avoid a flight phase.		N/A		Applicable flight phase defines the exposure time		Yes, Flight phase is defined in terms of the average risk criteria of 25.-1309-1A and 25.1309 Arsenal.  The only difference is that Arsenal is written in terms of average per flight hour, while 25.1309-1A says that criteria should be met for the flight operations actual duration when a function is used only during a specific operation.		No

		At-risk  time
“AT RISK” TIME: The period of time during which an item must fail in order to cause the failure effect in question. This is usually associated with the final fault in a fault sequence leading to a specific failure condition. [ARP 4761 2.2]		[ARP 4761 D.11.1.3.2]  Determine the Exposure Times and At Risk Times of the Basic Events: The analyst must determine the Exposure Time or "At Risk" Time associated with each Basic Event in the fault tree. Some of the different types of basic events are listed below.
a. Basic Events associated with loss or malfunction of a function of an item which is used throughout the entire flight
b. Basic Events associated with loss or malfunction of a function of an item used only during particular phases of the flight
c. Basic Events associated with latent failure of an item that performs a function
d. Basic Events associated with loss or malfunction of a protective element (e.g., fault monitors)		Industry practice is per the definition.  "At Risk" time is not used at all in 25.1309-1A, and is used, but not defined in 25.1309 Arsenal, however, probability evaluations have considered relevent exposure times  since probabalistic assessments have been made.		N/A		Crew has procedures to limit some at-risk times when increased risk is known		N/A		The applicable at-risk time defines the exposure time		.

Yes, "At risk" time is defined in terms of the average risk criteria of 25.-1309-1A and 25.1309 Arsenal.  The only difference in the guidance is that Arsenal is written in terms of average per flight hour, while 25.1309-1A says that criteria should be met for the flight operations actual duration when a function is used only during a specific operation.		No
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6.3 Task 3

The ASAWG reviewed during Task 3 the results of Tasks 1 & 2 and determined the
appropriateness, adequacy and consistency of the relevant existing regulations,
existing guidance material, ARAC recommendations, and industry practices for
airplane-level safety analysis. Task 3 demonstrated that a more consistent approach
across systems is necessary.

The task groups (latent failure, active failure, MMEL, flight time) were guided by
questions designed to help team members assess whether the existing regulations /
guidance material / ARAC recommendations / industry practices are:

e Adequate?
e Appropriate?

e Applicable across systems?

The assessment was further guided by the following sub questions

e For adequacy:
o Is the reason for the regulation/guidance given (why, preamble)?

o Are all the relevant Hazardous and Catastrophic failure conditions
covered?

e For appropriateness:

Is it commensurate with the potential level of risk?

Is it clear (unique interpretation)?

Is it a current requirement?

Is it practicable, i.e. achievable in itself and achievement verifiable?
Is it redundant with AC 25.1309 Arsenal Version?

Is it consistent with other rules and guidance related to the particular
condition being reviewed?

O O O O O O

o For applicability
o0 Isit possible to be applied across all systems for this particular condition?

o0 Is it possible to be applied across all systems for other particular
conditions?

The task groups then identified the “fundamental issues” of the existing regulations /
guidance material / ARAC recommendations / industry practices. “Fundamental
issues” are the key approaches addressing Specific Risk.
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For each “fundamental issue”:

e The current practice was summarized in Task 2 results.

e The pros and cons of the fundamental issues & current practices were
identified, and supported by Task 3 questions / answers with regard to
adequacy, appropriateness and applicability across systems.

¢ One or more recommendations were provided.

For each fundamental issue recommendations for Task 4 were developed and
reviewed by stakeholders (industry & regulators). This review generated comments,
the disposition of which is documented in this report.

The following chapters give the results of Task 3. The results of each task group
were detailed in tables addressing the above-mentioned questions (adequacy,
appropriateness and applicability across systems) and the fundamental issues.

6.3.1 Latent Failures Task

6.3.1.1 Introduction

The latent task group reviewed the various system safety processes for different
systems like flight controls, thrust reversers, etc. to determine if specific risk (the risk
on an individual flight or flights) is addressed and how. Further consideration was
given to whether the methodologies were adequate, appropriate and applied
consistently across systems.

From this review, the group identified common concepts / ideas relating to
methodologies that addressed specific risk. These were then condensed into
fundamental issues. The pro and cons of each fundamental issue were documented
and reviewed. From this sub-team review and a subsequent review by stakeholders,
general recommendations and additional guidance were identified for Task 4.

6.3.1.2 Task 3 Table

As directed by the tasking, the latent task group determined if the regulations and
practices were adequate, appropriate and applicable across systems. The results
are documented in the attached Task 3 table. This table was then used to perform
the review described in section 6.3.1.3.
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Latent

		Latent Task																		Latent Task

		Task 2																		Task 3

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		HOW												APPROPRIATE (C0RRECT)?												ADEQUATE (COMPLETE)?				APPLICABILITY

								1-Criteria used for selecting failure condition worthy of consideration		2-Acceptability of the next most critical failure on safe operation		3-Failure probability assumptions and method of substantiation		4-Criteria for determining allowable exposure times		5-Criteria for limiting the exposure time		6-One failure away from catastrophe		Is it commensurate with the potential level of risk?		Is it clear (unique interpretation)?		Is it a current requirement?		Is it practicable, i.e. achievable in itself and achievement verifiable?		Is it redundant with 25.1309 Arsenal Version?		Is it consistent with other rules and guidance related to the particular condition being reviewed?		Is the reason for the regulation/guidance given (why, preamble)?		Are all the relevant Hazardous and Catastrophic failure conditions covered?		Is it possible to be applied across all systems for this particular condition?		Is it possible to be applied across all systems for other particular condition?

		25.671c2
(single plus probable)		Based on Service History/Good Engineering Practice		Current FAA Interpretation of Existing Rule

(previous JAA interpretation of 671c2 is different - if the combined single + probable failures are shown to be extremely improbable then they do not need to be considered.)		Section 25.671(c)(2) primarily relies on the 25.1309 analysis to identify "combinations of failures not shown to be extremely improbable."In addition, Section 25.671(c)(2) specifies that any "single plus probable" failure combinations must also be considered.Probable failures are as defined in AC 25.1309-1A.  The "single plus probable" criteria does not address latent failures, per se.  However, on past 25.671 issue papers, the FAA has stated that latent failures must also be considered in addition to "single plus probable" unless they are mitigated by "reasonable periodic checks."		The "single plus probable" criteria does not assume a latent failure exists, and therefore it does not address "the next most critical failure."		Based on 25.1309 system safety analysis.		None is specified.		None is specified.		Not prohibited, but limited by rule.  The last failure cannot have a probablility greater than 1E-5 for electrical or hydraulic failures.		Cat. only

TBD - two fault sequences require some additional care w.r.t. residual risk after first failure.  Does not specifically address latency or 1 failure away.		No, next 3 rows deal with competing interpretations.		Yes - FAA interpretation of existing rule.		Yes - requires 2nd failure to be less than 1E-5.		No but average risk is covered by both		No, not unique to latent		Yes, given in the preamble.  Although the preamble is not very clear.		No - this guidance only deals with catastrophic FC.		Yes - Cutset analysis would allow this concept to be universally applied.		Yes

		25.671c2
(single plus probable)		Issue Paper to Clarify Application of Existing Rule (Based on Service History/Good Engineering Practice)		Industry		For each Catastrophic condition identify the failure combinations causing the condition using 25.1309 analysis methods (e.g. fault tree analysis). Consider all dual failure combinations. For each dual failure determine that the last failure in the failure sequence is not Probable.  Probable is defined as a probability greater than 1E-5. Consider triple failure combinations only if the failure combination contains a failure that is latent for the life of the airplane. For these failure combinations determine that the joint probability of the last two failures in the failure sequence is not Probable.		For each dual failure combination look at the each possible permutation.  For each permutation assume the first failure in the failure sequence to exist and if the remaining or residual probability is not Probable the next critical failure is acceptable.  For each triple failure combination containing a failure latent for the life of the airplane look at each possible permutation.  For each permutation assume the first failure in the failure sequence to exist and if the remaining or residual joint probability is not Probable the next two failures are acceptable.		Based on 25.1309 system safety analysis.		Based on 25.1309 system safety analysis -Exposure time associated with latent failures was chosen to meet the average probability requirements of 1E-9 per flight hour.		Based on 25.1309 system safety analysis - Latent failures contributing to the Catastrophic conditions were considered significant. They were identified as CMRs. The maintenance action and interval associated with each CMR was identified and controlled via the FAA approved section of the AMM.		Not prohibited, but limited by rule.  The last failure(s) for individual cutsets cannot have a probablility greater than 1e-5.		Cat. only

TBD - two fault sequences require some additional care w.r.t. residual risk after first failure.  Does not specifically address latency or 1 failure away.		No, three rows (1 above and 2 below) deal with competing interpretations.		No, unless of course the FAA issue paper is applied to your particular airplane program.		Yes - requires 2nd failure to be less than 1E-5.		No but average risk is covered by both		No, not unique to latent		Yes, given in the preamble.  Although the preamble is not very clear.		No - this guidance only deals with catastrophic FC.		Yes - Cutset analysis would allow this concept to be universally applied.		Yes

		25.671c2
(single plus 1 in 1000)		To Replace Current Rule and Inconsistent Industry Practices, Better Address Integrated Systems (Clarify Scope) and to Ensure Balanced Systems (Minimize Exposure Times)		ARAC		As with the current rule, the proposed 25.671(c)(2) would rely on the 25.1309 analysis to identify "combinations of failures not shown to be extremely improbable."In addition, the proposed 25.671(c)(2) would require consideration of any single failure plus any failure condition whose probability is greater than 1/1000.The 1/1000 criterion primarily impacts latent failures and has the effect of limiting exposure time.  Also addresses active failures.		The "single plus 1/1000" criteria limits the probability of the initial latent failure, such that when the single failure occurs, the probability that the latent failure exists (and would be catastrophic if combined with the single failure) is less than 1/1000.		The probability of the "additional failure state" is usually determined by multiplying the failure rate of the latent failure by its exposure time.		In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.		In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.		Not prohibited, but limited by rule.  The latent failure condition cannot have a probablility greater than 1 in 1000.		Cat only

Yes - however for catastrophic FC, balanced system less than previous entry.		No, it is not being consistently applied as to what time and failure states should be applied when determing the 1/1000.  Contains confusing subject to multiple interpretation.  Boundary application is unclear.		No - Proposed ARAC NPRM		Yes has been achieved and verified		No it supplements 1309		No, EASA wants  active faults for catstrophic failure combinations to be at least 1e-6 per flight hour.  In additon, there are several latency criteria being applied across these boundaries e.g. 25.901(c), 25.933, 25.981, etc..		Yes, standardize across our industry.		No - this guidance only deals with catastrophic FC.		Yes - Cutset analysis would allow this concept to be universally applied.		Yes

		25.671c2
(single plus 1 in 1000)		The FAA hasn't determined whether the ARAC proposal is equivalent to the existing rule.  Therefore, in addition to the ARAC 1/1000 criteria, the FAA has required the following additional action:
“Failure conditions that are classified as catastrophic and that occur as a result of two failures, either of which are latent, must be highlighted in the system safety assessment, subject to review by the FAA.  This review will ensure that any such failure conditions are, in fact, extremely improbable by assessing 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.”		FAA implemetation of ARAC		The FAA issue paper states that an equivalent level of safety to the current requirement can be met with (I) the ARAC proposed criteria (single plus 1/1000), together with (II) FAA review of significant latent failures.		(I) The "single plus 1/1000" criteria limits the probability of the initial latent failure, such that when the single failure occurs, the probability that the latent failure exists (and would be catastrophic if combined with the single failure) is less than 1/1000.(II) The FAA review of significant latent failures is intended to ensure from a qualitative standpoint that any catastrophic condition that occurs as a result of two failures, either of which are latent, is extremely improbable.		(I) The probability of the "additional failure state" is usually determined by multiplying the failure rate of the latent failure by its exposure time.(II) The FAA review of significant latent failures is as spelled out above.		(I) In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.(II) No specific criteria, however emphasis is on the 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.		(I) In the presence of any single failure in the flight control system, any additional failure states (latent failure conditions) that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.(II) No specific criteria, however emphasis is on the 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.		Not prohibited, but limited by rule.  The latent failure condition cannot have a probablility greater than 1 in 1000.		Cat only

Yes - however for catastrophic FC, balanced system less than previous entry.		Yes, it is an Issue Paper and the purpose of an Issue Paper is to clarify the rule.  Still have clarity issues noted in row above.		No, FAA issue paper so only a requirement if imposed upon your airplane program.		Yes has been achieved and verified		No it supplements 1309		No, EASA wants  active faults for catstrophic failure combinations to be at least 1e-6 per flight hour.  In additon, there are several latency criteria being applied across these boundaries e.g. 25.901(c), 25.933, 25.981, etc..		Yes, ARAC preamble plus Issue Paper.		No - this guidance only deals with catastrophic FC.		Yes - Cutset analysis would allow this concept to be universally applied.		Yes

		25.671c2
(single plus 1 in 1000)		EASA applies the ARAC proposal through a CRI.  In addition to what is required by the FAA (as shown above), EASA requires that the active failure has a probability of less than 1E-6 per flight hour for catastrophic failure conditions, and separately 1E-4 per flight hour for hazardous failure conditions.  (EASA CRI brings in elements of 25.1309 analysis, and thereby includes hazardous failure conditions.)		EASA implemetation of ARAC		In addition to the ARAC 1/1000 criteria, EASA requires that the active failure has a probability of less than 1E-6 per flight hour for catastrophic failure conditions, and separately 1E-4 per flight hour for hazardous failure.		The "single plus 1/1000" criteria limits the probability of the initial latent failure or failures, such that when the single failure occurs, the probability that the latent failure or failures exist (and would be catastrophic if combined with the single failure) is less than 1/1000.  The EASA review significant latent failures (for catastrophic or hazardous conditions).   In addition, EASA requires that the active failure has a probability of less than 1E-6 per flight hour for catastrophic failure conditions, and separately 1E-4 per flight hour for hazardous failure conditions.		Probability rates are as noted in previous columns.  Also:  Probability of Failure = Lamda x T/2 = Average Probability (must be less than 1/1000).		As noted previously.		As noted previously.		Not prohibited, but limited by rule.  The latent failure condition cannot have a probablility greater than 1 in 1000.  The active failure cannot have a probability of less than 1E-6 for catastrophic conditions, or 1E-4 for hazardous conditions.		Yes.		Yes.  Still some remaining issues like CCMR, and calculation of check interval.

The 1/1000 criteria is currently unclear as to whether it applies to average or worst case probability		No, means of compliance outlined in CRI and negotiated on individual airplane program through review of significant latent failures.		Yes has been achieved and verified		No it supplements 1309		No, EASA wants  active faults for catstrophic failure combinations to be at least 1e-6 per flight hour.  In additon, there are several latency criteria being applied across these boundaries e.g. 25.901(c), 25.933, 25.981, etc..		Yes, guidance / background provided in CRI.		Yes, covers Hazardous and Catastrophic.		Yes - Cutset analysis would allow this concept to be universally applied.		Yes

		25.933 (Inflight Thrust Reversal)		Given the Amendment 40 Preamble criticism of the use of reliability, this compliance guidance for the proposed rule was intented to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.		ARAC recommended
3 lines of defense
1.00E-03		Any latent failure situation or combination of latent failure situations that could contribute to the occurrence of an inflight thrust reversal.                                                 Note: failure situation is defined as: "all failures that result in the malfunction of one independent command and/or restraint feature that directly contributes to the top level Fault Tree Analysis event."		Assuming any: One and only one latent failure situation is present, the next most critical failure cannot result in an inflight thrust reversal. Combination of latent failure situations are present, the next most critical failure can lead to an inflight thrust reversal provided the maximum time each pre-existing failure situation is expected to be present is related to the frequency with which that failure situation is anticipated to occur, such that their total probability of occurrence  is 1 E-3 or less.		Standard Safety Assessment Practices		Maximum time each allowable pre-existing failure situation is expected to be present is related to the frequency with which that failure situation is anticipated to occur, such that their total probability of occurrence  is 1 E-3 or less.		Maximum time each allowable pre-existing failure situation is expected to be present is related to the frequency with which that failure situation is anticipated to occur, such that their total probability of occurrence  is 1 E-3 or less.		Not prohibited, but limited by three lines of defense criteria.		Yes, as a means of compliance, but the requirement for triple redundancy is too restrictive to be applied as a generally applicable requirement.		Yes, although the concept of "failure situation" is novel and unique to this policy and causes some confusion.		No, this is a currently accepted means of compliance to address a known 21.21(b)(2) issue		Yes - It has been achieved and achievement verified		No -- it expands upon Arsenal topic.		Yes, same as #1 above.

No, 1st time 3 lines of defense noted.		Yes, variability and uncertainty.		Yes, only applies to catastrophic FC.		Yes, but may not be practical in all cases		Yes, but may not be practical in all cases

		25.933 (Inflight Thrust Reversal)		Given the Amendment 40 Preamble criticism of the use of reliability, this reliability in lieu of controllability equivalent safety finding guidance was intented to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.		FAA GIP
Disp Config 1.0E-08
Residual risk 1.0E-06		Any failure condition that:could contribute to an inflight thrust reversal;could remain latent for more than one flight; and is anticipated to occur within the fleet life of the airplane type.                                                       Note: a default value of 1E-8 is given for those conditions nominally expected to occur within a fleet life. While given as a pure probability, in practice this default has been applied by considering any cut set with an average probability per flight hour greater than 1E-8.  While higher probabilities might be specifically justified, that would result in type design utilization and/or production restrictions, so to date the default is all that has been used.		Assuming any anticipated latent failure condition is present:  No single failure may result in inflight thrust reversal ; and the average probability per flight hour of an inflight thrust reversal must be less than 1E-6.		Standard Safety Assessment Practices		Indirectly limited by: the maximum exposure for which a given latent failure condition is not anticipated to occur, and hence exempt from a specific risk assessment; the maximum exposure for which the average probability remains less than  1E-6 during each flight hour; and the maximum exposure for which the average probability per flight hour remains less than  1E-9.		Indirectly limited by: the maximum exposure for which a given latent failure condition is not anticipated to occur, and hence exempt from a specific risk assessment; the maximum exposure for which the average probability remains less than  1E-6 during each flight hour; and the maximum exposure for which the average probability per flight hour remains less than  1E-9.		Prohibited for any latent preconditions that are more likely than 1E-8.		No - For most airplane types, 1E-8 is too conservative for the "expected to occur" criteria		No - confusion exists between computing probability of occurrence vs. existence.		No, this is a currently accepted means of compliance to address a known 21.21(b)(2) issue		Yes - It has been achieved and achievement verified		No -- it expands upon Arsenal topic.		Yes, same as #1 above.
No- max # of latent fault are not discussed, but max Pf is stated instead.		Yes, variability and uncertainty.		Yes, only applies to catastrophic FC.		Yes, but may not be practical in all cases		Yes, but may not be practical in all cases

		25.901 c		Most current guidance to support a finding of compliance with the rule. Evolved from historical compliance practice of using "bottom up" qualitative analysis of "latent plus one" failures under worst case conditions as "probable combinations". As 1309 type "top down" quantitative analysis added to address "probable combinations" within complex fault tolerant systems as well as "average risk" issues, the practice of also covering "latent plus one worst case" was retained.		Current FAA Interpretation of Existing Rule		Latent failure conditions not shown to be extremely remote that could contribute to a subsequent condition that would jeopardize the safe operation of the airplane.		No foreseeable single failure may jeopardize the safe operation of the airplane.                                           Foreseeable single failure is defined as: "any failure, or set of failures not shown to be independent from each other, for which the physics of the failure can be defined and it's occurrence cannot be acceptably ruled out.                                               There are occasions where it may be feasible to acceptably rule out a "latent plus one" type failure condition based upon the reduced exposure (e.g. having the latent present at dispatch is extremely remote), relevant independent conditional probabilities (e.g. only one percent of occurrences of the "latent plus one" failure condition would "jeopardize"), and/or some commensurate integrity assurances (e.g. "critical parts controls", "safe life", etc.).  Note : In §25.1309(b) terms, "jeopardize" means : results in catastrophe, serious injury or exceedingly hazardous continued operation.                                                     No probable combination of failures may jeopardize the safe operation of the airplane. Probable combination is defined as any failure conditions which are anticipated to occur within the relevant exposure time. Note this definition pre-dates and is in contrast to that used in AC25.1309-1.For combinations of failures where either the criticality or the probability per flight hour are expected to vary significantly over the fleet life of the airplane type, the predicted average probability per flight hour should still meet the AC25.1309-1B( Arsenal Version) guidelines, and the predicted probability during any one flight hour should normally not exceed 10-6/hr for a catastrophic failure condition or 10-4/hr for a hazardous failure condition.  Exceptions are occasionally made for risks limited to either acceptably short durations or rare "get home only" situations.		Standard Safety Assessment Practices		Indirectly limited by:the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment;the maximum exposure for which there is still an acceptable average probability during each flight hour (i.e. less than 1E-4 to 1E-6 depending upon the severity);the maximum exposure for which there is still an acceptable average probability per flight hour during the fleet life (i.e. less then 1E-7 to 1E-9 depending upon the severity).		Indirectly limited by:the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment;the maximum exposure for which there is still an acceptable average probability during each flight hour (i.e. less than 1E-4 to 1E-6 depending upon the severity);the maximum exposure for which there is still an acceptable average probability per flight hour during the fleet life (i.e. less then 1E-7 to 1E-9 depending upon the severity).		Allowable by exception.		Yes		Yes -- but what is required to qualify as an exclusion from the latent plus one criteria is subjective.		No - Is considered an acceptable means, but not the only means of compliance with the standard.		Yes - It has been achieved and achievement verified		No -- it expands upon Arsenal topic.		Yes -- it combines characteristics of most of the other rules/guidance		Yes -- Interpretation of rule needed to change with the industry's use of top-down quantitative analyses.		No - only covers catastrophic and some hazardous failure conditions (i.e. those which "jeopardize").		Yes		Yes

		25.981		Regulatory requirement mandating the preferred means of compliance with 25.901(c) in an attempt to prevent any repeat of TWA 800. Several of the "candidate" causes involved "latent plus one" scenarios.		Current FAA Interpretation of Existing Rule		Latent failure conditions not shown to be extremely remote that leave the airplane one failure away from creating an ignition in the fuel tank or fuel tank system where catastrophic failure could occur due to ignition of fuel or vapors.		Assuming any anticipated latent failure condition is present:  No single failure may result in a potentially catastrophic ignition source.		Standard Safety Assessment Practices.
The fluid is assumed to be flammable at the time the ignition source is created.		Indirectly limited by: the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment; andthe maximum exposure for which the average probability per flight hour remains less than  1E-9.		Indirectly limited by: the maximum exposure for which a given latent failure can still be considered "extremely remote", and hence exempt from a specific risk assessment; andthe maximum exposure for which the average probability per flight hour remains less than  1E-9.		Prohibited for any latent preconditions that are more likely than 1E-7 per hour.		Yes as a means of compliance, but the hard requirement for latent plus one is too restrictive to be applied as a generally applicable requirement.		Yes		Yes		Unknown, will at least require novel structural design features		No -- it expands upon Arsenal topic.		Yes -- similar to 901c but more restrictive		Yes -- based on trying to prevent another in-air airplane explosion		No - only addresses catastophic fuel vapor ignition		Probably, but likely impractical if applied to systems related structural/sudo-structural design features		Probably, but likely impractical if applied to systems related structural/sudo-structural design features

		Existing 25.1309		AC written to explain how to apply FAR 25.1309 (or 14 CFR 25.1309)		Existing Advisory Material AC25.1309-1A		Comes out of FHA process		Determined by joint probability requirement for failure condition		Based on 25.1309 system safety analysis and guidance material given in ARP4761.		Determined by joint probability requirement for failure condition		Determined by joint probability requirement for failure condition.    The AC proposes two acceptable  methodologies for limiting exposure time: (1) Certification Check Requirements (CCRs). Identifying latent failures by scheduled maintenance.  Latent failures can be assumed to be identified based upon return to service test on the LRU following its removal and repair (component Mean Time Between Failures (MTBF) should be the basis for the check interval time). (2) practical and reliable failure monitoring and warning systems.		Not prohibited.		Yes, depending upon interpretation and application. Even when properly interpreted and applied, may be situations where anticipated variability and uncertainty require other limits be placed on SRC's.		No - many diverse interpretations have manifest indicating it is not clear.		No- the rule itself provides just general subjective objectives. It is the AC's that provide any substantive detail. This is better on the EASA side, but still mostly reliant on policy not requirements.		Yes - It has been achieved and achievement verified		No -- the Arsenal version is intended to upgrade this policy.		No, very little specific limitations on "latency" and those that exist are not as objectively delineated or restrictive.		Yes, allow applicant to comply with 14 CFR 25.1309		Yes -- via process described		Yes -- Standard safety process		Yes -- Standard safety process

		Proposed 25.1309		To promote future discussion on Specific Risk.  To provide interim review of significant latents.		Arsenal 9.c.6		The arsenal AC provides the following qualitative criterion for identifying significant latent failures:"A significant latent failure is one which would in combination with one or more specific failures or events result in a Hazardous or Catastrophic Failure Condition".		The next failure must be shown to be independent and have reliability such that the joint probability meets the required probability objective for the failure condition.  In addition for catastrophic conditions the Arsenal AC paragraph 9 (c) (6) provides the following additional criterion:    "The use of periodic maintenance or flightcrew checks to detect significant latent failures when they occur is undesirable and should not be used in lieu of practical and reliable failure monitoring and indication.  Where this is not accomplished, the system safety assessment should highlight all those significant latent failures that leave the airplane one failure away from a failure condition classified as catastrophic.  These cases should be discussed with the regulators as early as possible after identification"For this additional criterion acceptability is based on general guidance within the Arsenal AC for 25.1309.    Existing guidance discusses attributes such as independence between failures, justification of assumptions, data sources etc. In highlighting these significant latent failures the above attributes are also highlighted for review.  Note: The objective per the SDAHWG Final Report was to increase visibility of significant latent failures for catastrophic failure conditions but not to introduce additional qualitative or quantitative criteria beyond existing CFR 25.1309 practices. The need, if any, for additional criteria was proposed to be discussed during a later ARAC activity.		Based on 25.1309 system safety analysis		Exposure time associated with latent failures was chosen to meet the average probability requirements per flight hour.		The Arsenal AC proposes two acceptable  methodologies for limiting exposure time: (1) Certification Maintenance Requirements. Identifying latent failures by scheduled maintenance.  Latent failures can be assumed to be identified based upon return to service test on the LRU following its removal and repair (component Mean Time Between Failures (MTBF) should be the basis for the check interval time). (2) Flight crew checks.		Not prohibited.		Yes, depending upon interpretation and application. Even when properly interpreted and applied, may be situations where anticipated variability and uncertainty require other limits be placed on SRC's.		No - while an improvement over the existing AC, many diverse interpretations have still manifest indicating it even this policy is not sufficiently clear.		No- the rule itself provides just general subjective objectives. It is the AC's that provide any substantive detail. This is better on the EASA side, but still mostly reliant on policy not requirements.		Yes - It has been achieved and achievement verified		N/A		No, very little specific limitations on "latency" and those that exist are not as objectively delineated or restrictive.		Yes		Yes -- based on the thoroughness of the applicant's system assessment process.		Yes -- geared towards becoming the new standard safety process		Yes -- geared towards becoming the new standard safety process

		25.1309
AC 25-19		To detect latent failures that can not otherwise be detected with an exposure time adequate to meet the SSA requirements for hazardous or catastrophic failure conditions.		Current FAA Interpretation of Existing Rule		Safety Analysis identifies latent failures that would in combination with other failures lead to hazardous or catastrophic failure conditions and where practical and reliable monitoring and warning systems are not possible.		Safety analysis should show compliance with 25.1309 when exposure time from CMR is used for latent failure.   Single point failures in combination with latent failures should be brought to the attention of the certification authorities.		Based on 25.1309 System Safety Assessment.		Exposure times are chosen to meet the average probability requirements from the safety analysis.		Exposure times are chosen to meet the average probability requirements from the safety analysis.		N/A		Yes, due to it being a clarification of an existing rule.		Yes -- clarifies CMRs		No -- FAA accepted means of compliance for existing rule.		Yes - It has been achieved and achievement verified		No -- it expands upon Arsenal topic.		Yes		Yes		Yes, indirectly since CMR's work in conjunction with safety process.		Yes		No -- CMR currently for scheduled maintenance only, feasible to expand scope to validation of any certification maintenance assumptions but not all particular conditions.

		25.1309,  ARP4761		Additional conservatism in the FTA analysis		Industry Practice		Comes out of FHA process		Determined by joint probability requirement for failure condition		Based on 25.1309 System Safety Assessment.		Exposure times are chosen to meet the worst case exposure time (T vs. T/2) requirements from the safety analysis.		Exposure times are chosen to meet the worst case exposure time (T vs. T/2) requirements from the safety analysis.		Not prohibited.		Yes, but above and beyond true average risk.		Yes, worst case in typically easy to determine.		No, guidance material only.  Available since 1996.		Yes, many industry players are using this method today.		Yes, this approach doesn't truly give average risk		No -- approach similar in nature but not true average risk		No, undocumented industry practice*		Yes, they could be if the 25.1309 approach is closely followed.		Yes		Yes -- concept of worst case can be propagated		* = check ARP4761 Appendix D

		25.901c and 25.1309                Time Limited Dispatch		See Example 6 from MMEL group for TLD Example

		25.1309		Agreed industry practice with certification authorities for a type certification project due to lack of common harmonised approach over all systems in regulations/ARAC recommendations.		Methodology for assessing the Specific Risk induced by latent failures consists in showing that the system design remains fail safe (still more than one active/evident failure necessary to fail) or is acceptably safe with an individual latent failure present. 
The method of demonstrating that the design is acceptably safe is to assume that each individual failure, which is known to be latent and not detected at each flight or during daily check, has occurred prior to a given flight (Pf set equal to 1 in the FTA). During that flight, each Failure Condition involving that individual latent failure should be shown to occur at a rate less than or equal to 1x10-6 per flight hour if it is Catastrophic. Similarly, if such Failure Condition is Hazardous, it should be shown to occur at a rate less than or equal to 1x10-4 per flight hour.		Each catastrophic or hazardous failure condition with latent failure.		The average probability of the remaining failure or combination of failures should be less than or equal to 1x10-6 / 1x10-4 per flight hour if it is catastrophic / hazardous.		According to 25.1309.		According to 25.1309: Exposure time associated with latent failures was chosen to meet the average probability requirements per flight hour.		Failure combinations leading to catastrophic/hazardous include more than one latent failure: The exposure time(s) of the remaining latent failure(s) supposing that an individual latent failure has occurred prior to the flight has/ve to be chosen in a such a way (i.e. design is acceptably safe), that the average probability of the remaining failure or combination of failures is less than or equal 1x10-6 / 1x10-4 per flight hour if it is catastrophic / hazardous.Furthermore according to CS-25 AMC 25.1309 / Arsenal AC 25.1309 two acceptable methodologies for limiting exposure time:Certification Maintenance Requirements: Identifying latent failures by scheduled maintenance. Latent failures can be assumed to be identified based upon return to service test on the LRU following its removal and repair (component Mean Time Between Failures (MTBF) should be the basis for the check interval time).		Not prohibited.		Yes		Yes		No, an acceptable industry practice		Yes, has been successfully accomplished in the past		Yes, but a parallel thought process.  Very similar to "single plus 1/1000"		Yes, Similar thought process but different numerical value.		Yes		Yes		Yes		Yes, but may not be practical in all cases





arm020js
File Attachment
pg35.doc.xls


6.3.1.3 Fundamental Issues

The latent task group reviewed current regulations and industry practices to
determine common approaches that were used to address Specific Risk Concerns
related to latency. After completing this review the task group took a brainstorming
approach for allowing each member to voice his / her issues. Once everyone’s
issues were collected, they were condensed to the following four fundamental issues.

1 Limit Residual Probability (where “residual” is associated with the remaining
risk following an assumed latent failure condition).

2 SRC Latent + 1 (addressing the question “What do you do” when a SRC latent
failure condition leaves you one failure away from a catastrophe).

3 Definition of an SRC does not consider probability, leaving applicability too
broad for Task 4 (need further criteria for when possible latency is not an SRC
so that residual risk is not a concern).

4 Limit Latency.

6.3.1.4 Pros and Cons of Fundamental Issues

The pros and cons of each fundamental issue were discussed and documented in
the attached Pros & Cons table. The table addresses each issue at a high level (is it
worth implementing), and also focuses on the pros and cons of specific
methodologies that incorporate this concept/issue. Based on these pros and cons,
the information contained within the recommendation column resulted in the basic
recommendations and additional guidance as discussed in 6.3.1.6 and 6.3.1.7,
respectively.

ASAWG_ Pros and
Cons Table_Latent

6.3.1.5 Stakeholder Review

The general recommendations and additional guidance (sections 6.3.1.6 and 6.3.1.7)
were reviewed by stakeholders. This review generated comments, the disposition of
which is documented in the attached Stakeholder Review table. Note that some of
the stakeholder comments were marked as being applicable for consideration within
Task 4 only.

ASAWG_Stakeholder
Review_Latent
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The latency sub group reviewed the various system safety processes for different systems flight controls, thrust reversers, etc. to determine if specific risk (the risk on an individual flight or flights) is addressed and how.  From this review the group identified common concepts/ideas relating to methodologies that addressed specific risk.  These are identified as fundamental issues in the attached table.   The table looks at the pro and cons of each concept/issue.  The table addresses each issue at a high level (is it worth implementing), and also focuses on the pro and con of specific methodologies that incorporate this concept/issue.  From this review high level recommendations are eventually to be made for Task 4 of ASAWG process.  Task 4 will take the general recommendations and (if applicable) turn them into specific requirements or criteria to be incorporated into an AC or rule (one objective of the ASAWG is to see if a consistent process can be developed).


Table 1– Limit Residual Probability

		Fundamental Issue

		08Jan08 Group Input – 
“Pros” of the Fundamental Issue (bullets) and
Good Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		08Jan08 Group Input – 
“Cons” of the Fundamental Issue (bullets) and 
Bad Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		Recommended Practices
(08Jan2008 Group Input)



		Limit Residual Probability


(where “residual” is equated to the remaining following an assumed latent failure condition)

Is issue the need to have “balanced systems” for two fault sequences?


Question from 12/12/07 Telecon ( Is the “limit residual probability” to be stated on a Probability per Flight or Probability per Flight Hour?



		In general, limiting residual probability can …


· limit the worst anticipate risk.  That is, it establishes a standard for what is left is "safe", i.e. increase confidence that the remaining component(s) are available.

· be applied to MMEL, Latency, etc. for a quantitative method for determining an acceptable level of safety.

· be assumed to not affect maintenance intervals where the specific risk of concern leaves you one failure away. (i.e., residual probability does not address latency since latent failures are the first failure in any failure sequence). 

· be applied for both hazardous and catastrophic failure conditions


With regard to current practice, the following highlights positive aspects of the existing practices …

1. Some methods allow for reliance on either a quantitative limit on the residual average risk or “critical parts controls” to provide reasonable assurance that the integrity of the “worst anticipated” remaining part(s) will provide an acceptable level of safety. 


2. Some residual risk methodologies set a quantitative limit on the residual risk consistent with not significantly changing the average risk. 


3. Some methodologies address more than one fundamental issue.



4. Some residual risk methodologies apply a criterion to existing data without the need to create new data by performing additional analysis.  


5. The application of residual risk criteria for some methods is limited either by cutset order, or probability etc. Only a subset of configurations needs to be reviewed.


6. Some residual risk methods do not result in multiple criteria depending on the configuration probability. Keep the criteria and process as simple as possible. 

7. Some residual risk methods directly allow the underlining analytical assumptions, e.g. failure rate data, to be challenged.

8. Limited to Catastrophic failure conditions only (not all current practices may not – ask MKM)



		In general, limiting residual probability can also …


· result in the average risk being significantly below the 1E-9 criterion; that is, overly conservative residual probability limitations and/or scope of what is an SRC could drive unnecessary additional redundancy (we don’t want to require 1E-09 systems to go to 1E-15 systems, for example)

· drive unnecessary additional maintenance actions by operators if the residual risk includes multiple failures. Or if the active failure (e.g., such as inspections to find cracks or wear marks for mechanical wearout conditions) needs additional preventative maintenance to meet the residual risk

· maybe inappropriately applied to “hazardous” failure conditions


· result in inappropriate restrictions placed on some systems (e.g., avionics); that is, current application of this fundamental issue may be inconsistent across systems for good reasons.  For example, a broad application of this concept may not be warranted as the variation in risk due to particular conditions in some situations is inherently small (e.g. balanced systems, pseudo structural mechanical systems, etc.).

· result in new analysis and documentation.


· result in changing the level of fault tree model resolution. Individual failure modes may have to be modeled.  A Fault tree LRU level model assumes multiple failure modes can occur simultaneously. The failure rates at this level of resolution can be several orders of magnitude more conservative than the individual failure mode failure rates. This method could additionally result in common mode failures not being identified since (a) additional care would have to be taken regarding assignment of basic event names (b) increased model complexity… etc. This is more applicable to highly integrated complex systems
. (MKM Comment: it should also be more applicable to non-critical systems. While we don’t go down to the board component level, we certainly shouldn’t be treating LRU’s as black boxes for level A systems. Otherwise we’re likely to miss failure effects and common mode issues.  Further discussion needed – we did not agree with comment)

· result in erroneous conclusions if mixed with other SRC topics (e.g., MMEL); that is, mixing may fail to account for both the difference in overall risk due to uncertainty and the difference in the scope/impact of applicability.  For example, the residual risk limitations are only applicable to individual flights where an MMEL SRC is “known” to exist, while the limitations are applicable to all aircraft when a Latency SRC is “predicted” to occur sometime in the fleet life.

· Consistent criteria may not be achievable since MEL does not include the probability of being in the particular MEL condition. 


· If the probability associated with the MMEL configuration is considered the “residual risk the MMEL criterion is likely to be overly conservative when applied during certification. It could alter the average risk significantly. 

· Alternatively, to apply the residual risk following an assumed latent failure in addition to the one that resulted in the MMEL configuration is too conservative. This would be an evaluation of a deviation to a configuration which in itself is a deviation. 

· Not account for the commercial economic (customers) necessity drive the inherent reliability of the final item to fail in the fault sequence (e.g., in the range of 1E-03 to 1E-04).  In other words there is an inherent level of residual probability existing in system designs. This is supported by prediction data from MIL-HDBK-217, NPRD-95 etc that indicate electronic components have failure rates in the range of <10-3 to 10-5. (MKM Comment: this would seem to imply that a component with an average reliability of E-3 provides an adequate level of safety. I clearly disagree.  12/12/2007  need to defer this comment to the discussion on recommendations since it is dealing with specific numerical values)

· Not account for the existing conservatism in prediction methods like part count or part stress analysis used to calculate MTBFs (MKM Comment: while I agree to some extent, the acceptability of the E-9/hr standard is already eating up that margin.)  12/12/2007 – We do not understand MKM’s comment – please clarify.  Additionally, this topic begs the question, will Part 23 Class 4 Commuter Aircraft also be held by these specific risk discussions?

With regard to current practice, the following highlight negative aspects of the existing practices…


1. they set the numerical value too small that affects the average risk by an order of magnitude or more. This adversely effect average risk criteria (12/12/07:  or perhaps replace “average risk criteria” with the words “additional redundancy”) and thus undermine it as a standard. (MKM Comment: I’m getting a bit paranoid that folks think the standard is an average risk of E-9/hr and it never has been. It’s “not anticipated to occur” and the average risk criteria is simply an indicator we use to filter out clearly inadequate designs. This has been made clear in FAA Policy repeatedly, yet the false paradigm persists out of convenience.  It doesn’t matter if the average risk has to go down to get an acceptable specific risk, if an acceptable specific risk is what’s required to determine the event isn’t anticipated to occur under the particular conditions.)

2. Some existing residual risk methods result in excessive analytical workload that is not in proportional to the risk.



		1. Criteria chosen in task 4 to address “Residual risk” should be limited to Catastrophic failure conditions only.  [Note:  Part 33 Engines worst case failure condition is “Hazardous” by definition of 33.75] – Agreed upon by the subteam

2. Limit the application of residual risk criteria (e.g., Fundamental Issue #3) chosen in task 4 by probability and/or cutset order.  Only a subset of possible configurations needs to be reviewed and will be determined in Task 4 -- Agreed upon by the subteam

3. Residual risk criteria chosen in task 4 should establish a control or acceptable level of risk for the subset population or fleet consistent with the current average risk criteria, i.e. do not drive 10-9 failure combinations to 10-12 etc. – Agreed upon by the subteam

4. Residual risk should not result in an excessive analytical workload.  Keep the criteria and process as simple as possible. Agreed upon by the subteam

5. The architectural impact of the residual risk criteria chosen in task 4 should be minimized considering the industry standard of reliability range (e.g, MIL-HDBK-217F) for components (e.g., for dual failure cutsets, the residual risk criteria should not be outside the predicted reliability range of electronic components within that cutset).  – Agreed upon by the subteam 

6. The residual risk criteria chosen in task 4 should not routinely force significant increased model resolution (e.g., the use of LRU level basic events and associated MTBFs should be acceptable in fault tree models if justified by either a FMEA or a common cause analysis).  Criteria should account for the existing conservatism in prediction methods like part count or part stress analysis used to calculate MTBFs when applied at the LRU level. – Agreed upon by the subteam

7. The residual risk criteria and policy chosen in task 4 should not adversely impact the risk of maintenance errors [e.g., increase the frequency such that traditional shop maintenance is moved to the flight line, increase the frequency of RII tasks (Required Inspection Items), etc.] – Agreed upon by the subteam

8. The residual risk criteria chosen in task 4 will recognize that exposure times are dependent upon (i.e., will change) when the failure occurs within a specific failure sequence. – Agreed upon by the subteam






Table 2 – SRC Latent +1

		Fundamental Issue

		08Jan08 Group Input – 
“Pros” of the Fundamental Issue (bullets) and
Good Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		08Jan08 Group Input – 
“Cons” of the Fundamental Issue (bullets) and 
Bad Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		Recommended Practices
(08Jan2008 Group Input)



		SRC Latent + 1

Addressing the question “What do you do” when a SRC latent failure condition leaves you one failure away from a catastrophe.




		In general, “SRC Latent +1” can …


· Limit or preclude undetected reliance on a single component of indeterminate integrity (variations in integrity may be due to such influences as manufacturing variability or error, variations in operating or maintenance conditions, likely damage, etc.)


· Reduce or eliminate incentives for latency.  That is, when a failure is detectable standard MMEL practice won’t allow operation if the next worst failure has significant safety implications.  If the detection is removed from the design, this limitation goes away if this Fundamental Issue is not addressed.


With regard to current practice, the following highlight positive aspects of the existing practices…

1. Limits anticipated critical reliance on the integrity of a single component to those meeting standardized acceptance criteria.

		In general, “SRC Latent +1” can also …


· potentially limit acceptability of dual redundant systems that contain a latent even when their joint probability of occurrence is extremely improbable and the system has balanced reliability.


· potentially drive unnecessary additional redundancy and/or maintenance


· potentially be inappropriately applied to some systems (i.e., Current practices for addressing Latent +1 failure combinations are inconsistent across systems and that could be a good reason).


· Latency + 1 is an extension or variation of the no single failure criterion.  The application of this criterion to Hazardous condition will possibly affect the design of active standby systems

· Ensuring integrity of components can be accomplished using standard 1309 practices (review of reliability data and assumptions), residual risk practices or limit latency without the need to expand the no single failure concept. 

· The incentive for latency is overstated.  If the MMEL item is added post certification I do not think the design would change to convert an evident failure into a latent.  If the MMEL item is identified early in the design process then design would compensate for this dispatch configuration.  This also takes into account that quantitative methods are not the only way to address MMEL configuration.  The other acceptable methods are to reduce the Hazard by AFM limitations, providing equivalent functionality etc. 

With regard to current practice, the following highlight negative aspects of the existing practices…


1. The single ( latent) failure probability criterion is too small to allow application of the no single failure criteria to the active part of the fault sequence)  




		1. Criteria chosen in task 4 to address “SRC Latent +1” should be limited to Catastrophic failure conditions only – agreed to by subteam  


2. SRC Latent + 1 failure conditions that are catastrophic  may be allowed, but should be limited [e.g., (1) could be limited based on knowledge of the failure distribution of the one remaining failure that is stated to some confidence level, (2) Limit any anticipated critical reliance on the integrity of a single component to those meeting standardized “critical parts” acceptance criteria, etc.  These criteria should be as deterministic, and objective as possible.] – Agreed to by subteam.


3. BEFORE (1-8-2008):  Criteria for addressing SRC Latent +1 failure combinations should be consistent across systems; should not drive unnecessary redundancy; and should not drive unnecessary maintenance. Agreed to by subteam.

AFTER Version 1 (1-9-2008):  The application of the SRC Latent +1 criteria should not as a consequence result in the majority of SRC Latent +1 configurations requiring additional redundancy.

AFTER Version 2 (1-9-2008):  The application of the SRC Latent +1 criteria should not as a consequence result in the majority of applicable 3rd order, 4th order cutsets etc. requiring additional redundancy.





Table 3 – Latent not a SRC

		Fundamental Issue

		08Jan08 Group Input – 
“Pros” of the Fundamental Issue (bullets) and
Good Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		08Jan08 Group Input – 
“Cons” of the Fundamental Issue (bullets) and 
Bad Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		Recommended Practices
(08Jan2008 Group Input)



		Application of probability or cutset order cut-off to an SRC latent (definition when to apply additional criteria)


Criteria for when latency is not an SRC (so that residual risk is not a concern)


This issue attempts to narrow the definition of what a SRC latent is.  It does this by applying a probability criterion to determine what latent failure(s) are significant.  Based on this criteria specific cutsets are identified.  The cutsets can then be evaluated against residual risk and/or SRC Latent + 1 criterion.



		In general, “criteria for when latency is not an SRC” can … 


· Limits those latent failure conditions considered SRC’s to those reasonably expected to occur within the fleet life of an airplane type.


· Narrowing the definitions of SRC can allow for different acceptable specific risk criteria to be applied to different configurations (e.g., dual cutsets may be handled differently than triple cutsets).


With regard to current practice the following highlight positive aspects of the existing practices…



1. ARAC §25.1309 & AC doesn’t treat any latent that isn’t a “single latent +1 = catastrophe” as an SRC.


a. Method limited to Catastrophic failure conditions


b. Method focused on failures that are likely to leave the airplane one failure away from Catastrophic.  Review is limited to dual cutsets only.


2. Current §25.1309 & AC define what latencies are significant. Excludes those contributing to Minor and Major conditions.  

		In general, “criteria for when latency is not an SRC” can also … 


· Overly conservative residual probability limitations and/or scope of what is an SRC could drive unnecessary additional redundancy (we don’t want to require 1E-09 systems to go to 1E-15 systems, for example).


· Overly conservative residual probability limitations and/or scope of what is an SRC could drive unnecessary additional maintenance.


· Different definitions of SRC can result in overly complex analyses.

With regard to current practice, the following highlight negative aspects of the existing practices…



1. Current §25.1309 & AC doesn’t treat any latent as SRC.


2. ARAC §25.1309 & AC doesn’t treat any latent that isn’t a “latent +1 = catastrophe” as an SRC


3. §25.933 FAA GIP indicates E-8 latent not SRC. This is overly restrictive unless very large fleet.


4. ARAC & EASA 671 as well as §25.933 ARAC treat any latent where total probability of latency is less than E-3 as not SRC. This is inconsistent with our SRC definition.


5. §25.901(c) & §25.981 indicate “extremely remote” latent failure condition not SRC. {I assume this does not define SRC independently of Hazard classification}. This criterion defines all single and dual latent failure combinations as SRC.  That is latent combinations that have a joint probability greater than 10-7 are SRC. The intent I think is for this criterion to act as filter to determine which configurations or cutsets need to considered for further evaluation or are required to meet additional residual or single failure criterion. This filter is severe since in the case of dual latency this is essentially a discussion regarding the acceptability of latency in triple redundant architectures.  When considering the risk on a particular flight the group should be focused on failures that are likely to leave the airplane one failure away from Catastrophic etc.  E.g. the above criterion defines as likely configurations that occur less than one in every hundred thousand hours (10-5).  The affect of such a focus depending what additional criteria is applied could be increase redundancy for these triple redundant systems.

		1. Criteria chosen in task 4 to define SRC latent should be limited to Catastrophic failure conditions only – agreed to by subteam  


2. Define a “probability or cutset order cutoff” to limit those SRCs to those events that are expected to occur and are commensurate with the residual risk variance.








Table 4 – Limit Latency

		Fundamental Issue

		08Jan08 Group Input – 
“Pros” of the Fundamental Issue (bullets) and
Good Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		08Jan08 Group Input – 
“Cons” of the Fundamental Issue (bullets) and 
Bad Attributes of Current Practices with respect to Fundamental Issue (numbered items)

		Recommended Practices
(08Jan2008 Group Input)



		Limit Latency

		In general, “limit latency” can … 


· Minimize latency to that which is not practical to either eliminate or further reduce.


· Limit the exposure to a latent failure in an inverse relationship to the failure rate such that maximum total probability of the latent failure is less than some fixed value (current practices use. E-3). 


With regard to current practice, the following highlight positive aspects of the existing practices…



1. ARAC & EASA 671 as well as §25.933 ARAC limit total probability of latency to 1000


2. AC25.1309-1A & B (Arsenal) objective of minimizing significant latency (no latent if practical to detect, appropriate inspections, etc.)


3. AC 25.1309-1A states that relying on maintenance to detect latent failures is undesirable and should not be used in lieu of practical monitoring, etc.


4. §25.1309 (and others) limit latency through typical average risk analysis, which includes consideration of exposure time.


5. ARAC 25.671 quantitatively limits total probability of latency if any subsequent catastrophic single failure could occur and thereby includes exposure time.


6. ARAC 25.671 comprehensively addresses one or more latents by considering probability of any and all.


7. Residual risk, current 1309, and ARAC 1/1000 do not prevent exposure times equal to the life of the airplane in 3 order 4th order cutsets etc. Exposure times of this length are usually associated with additional redundancy not necessary to meet the average risk, i.e. redundant monitor on the control side of control monitor architecture, or maintenance action is not possible in the field i.e, requires disassembly of an LRU or the maintenance action like disconnection wire harness etc is to minimized to reduce human error.

8. Use maximum risk model (T) rather than average risk model (T/2) for latency (see Table D5 in ARP4761) reduces the risk or period of time associated with being one failure away from a Catastrophe by 50%. 

9. There are controls on latencies identified as significant (CMR) under the 1309 process. Maintenance intervals associated with significant latent failures can only be changed with FAA approval.



		In general, “limit latency” can also … 


· Overly conservative applicability or limits could drive unnecessary additional redundancy or maintenance.

With regard to current practice, the highlight negative aspects of the existing practices…



1. Current practices for limiting latency are inconsistent across systems 


2. Some methodologies control both latency and residual risk. This is excessive.  Do you really care how often it occurs if the remaining residual risk is acceptable?  Alternatively if you control how often it occurs do you care about the remaining risk? 



3. Some methods increase the frequency of maintenance intervals. 



4. Some methods limit latency for both hazardous and catastrophic conditions 


5. The primary concern (for dual cutsets) is that there are latent failures with probabilities >10-3 that can result in an airplane being one failure away from a Catastrophe.  This concern is overstated.  Although theoretically possible in practice it is not expected to occur. For example very few LRU components can have failure rates of 10-8, 10-7 which is what would be required for such a scenario to occur. Most electronic equipment have failure rates greater 10-6. 



		1. Criteria chosen in task 4 to address “Limit Latency” should be limited to Catastrophic failure conditions only. – Agreed upon by the subteam


2. Limit the application of Latency criteria (e.g., Fundamental Issue #3) chosen in task 4 by probability and/or cutset order.  Only a subset of possible configurations needs to be reviewed and will be determined in Task 4 -- Agreed upon by the subteam

3. Latency criteria chosen in task 4 should establish a control or acceptable level of risk for the subset population or fleet consistent with the current average risk criteria, i.e. do not drive 10-9 failure combinations to 10-12 etc. – Agreed upon by the subteam


4. Latency criteria should not result in an excessive analytical workload.  Keep the criteria and process as simple as possible. Agreed upon by the subteam


5. The architectural impact of the Latency criteria chosen in task 4 should be minimized considering the industry standard of reliability range (e.g, MIL-HDBK-217F) for components (e.g., for dual failure cutsets, the residual risk criteria should not be outside the predicted reliability range of electronic components within that cutset).  – Agreed upon by the subteam 


6. The Latency criteria chosen in task 4 should not routinely force significant increased model resolution (e.g., the use of LRU level basic events and associated MTBFs should be acceptable in fault tree models if justified by either a FMEA or a common cause analysis).  Criteria should account for the existing conservatism in prediction methods like part count or part stress analysis used to calculate MTBFs when applied at the LRU level. – Agreed upon by the subteam

7. The Latency criteria and policy chosen in task 4 should not adversely impact the risk of maintenance errors [e.g., increase the frequency such that traditional shop maintenance is moved to the flight line, increase the frequency of RII tasks (Required Inspection Items), etc.] – Agreed upon by the subteam

8. The Latency criteria chosen in task 4 will recognize that exposure times are dependent upon (i.e., will change) when the failure occurs within a specific failure sequence. – Agreed upon by the subteam


9. Guidance material or regulation should indicate (as AC 25.1309-1A does now) that relying on maintenance to detect latent failures is undesirable and should not be used in lieu of practical monitoring, etc.


10. Only allow latency which cannot be eliminated or further reduced through practical means; and which meet an acceptable total probability criteria (e.g. E-3).

11. Qualitative limits if applied on latent failures should include exposure time (so you are dealing with Probability of Failure and not just Failure Rate).



12. Do not prohibit exposure times equal to the life of the airplane in 3rd or 4th order cutsets etc







�Terry Comment:  I do not see how an analysis will find the common mode failures.  If you have an example that may help me understand.Ramesh comment I use fault trees to identify common modes such as connector, ground returns, etc. 
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		ISSUE		Disposition of Comment		COMMENT		Response from Latent Team Member:
(Mike McRae)		Response from Latent Team Member:
(Todd Martin)		Response from Latent Team Member:
(Terry Tritz)		Response from Latent Team Member:
(Rameshwar Narine)		Response from Latent Team Member:
(Michael Peterson)

		First fundamental issue: Limit Residual Probability (where “residual” is associated with the remaining risk following an assumed latent failure condition).
Draft recommendation: Establish a single consistent objective criteria and methodologies to limit the worst anticipated residual risk for catastrophic failure conditions only.		Taken to Task 4 Unchanged		Company "A" prefers this methodology.
Extreme care should be taken that highly reliable redundant systems (including dual redundant systems) are not driven to add unnecessary monitoring.		I agree, but the trick will be to reach consensus on what's "unnecessary". I think the key issue will be developing objective criteria for when it is acceptable to expect an airplane to operate one failure away from a catastrophe. Some will contend that we can simply set some "average probability" criteria, but I contend that this is only valid if we understand and control the distribution (i.e. the standard deviations) about that average (e.g. perhaps we could use an average value with a standard high confidence interval).		Company "A" preference noted.
Other comment accepted.		Agreed with main comment.  Disagree with Mike's comment on using average risk.		I also prefer this methodology. Other comment accepted		The latent subteam needs to get Company "A" to tell us what their definition is for the phrase "highly reliable redundant systems".  Other than this, this comment should be considered in Task 4.

		First fundamental issue: Limit Residual Probability (where “residual” is associated with the remaining risk following an assumed latent failure condition).
Draft recommendation: First fundamental issue – Next Step:
The current standards and practices are not consistent with regard to this issue.  Limiting residual probability for hazardous failure conditions may not be warranted and will need to be further addressed. (NOTE: red text added by MAP) Task#4 Status SLIDE 29 #31, Draft specific recommendation #1 --> 
Limit the application of both residual risk and latency criteria chosen in task 4 to only Catastrophic failure conditions. [Note:  Part 33 Engines worst case failure condition is “Hazardous” by definition of 33.75]		Used to Modify Task 3 Recommendation		Since some Hazardous failure conditions may be borderline Haz/Cat, the WG should consider stipulating residual risk limits for Cat and Haz FC’s.		I understand the point, and am willing to support the proposal. However, in my view, this argument is more of a condemnation of the fact that we don't have good objective standards for consistently establishing hazard classifications than it is for needing a specific risk limitation on hazardous conditions. I say that because, if we are truly accepting of a rate of occurrence for any Haz event, then a good solid prediction of the average is all we really need. In contrast, the FAA is not accepting of a rate of occurrence for CAT conditions, rather we use the predicted rate associated with "extremely improbable" as an indicator that it is "not anticipated to occur". However, we believe we need to cover SRC's with CAT consequences to make sure that the anticipated deviations and uncertainties won't invalidate that prediction.		Comment accepted.  This comment is not contrary to the task 3 recommendation, but is contrary to the draft specific (task 4) recommendation.		This comment may need to be more encompassing than just the latent sub-group.		Comment not accepted as it relates to specific task recommendation. Historically the criteria between hazardous and catastrophic conditions have always been different. For example the no single failure criteria has only been applied to Catastrophic conditions.  Individual situations can be addressed on a case by case basis or by providing more guidance when a failure condition should be classified as castastrophic. For example, it was historically acceptable in a FHA to assign the hazard classification based on the dominant effect. If the failure condition was 90% of the time (runway length, weight, cg etc) hazardous then it was appropriate to classify the failure condition as hazardous.   In any case this concern should be addressed during the FHA process and not by expanding residual risk to hazardous conditions.		The emphasis on accurate FHA entries (i.e., classifications) can not be over emphasized here.  Correct classifications of new hazards is one of the hardest jobs within the safety assessment process.  I agree that if the applicant and the airworthiness authority is having a hard time deciding whether or not a hazard should be classified as "Hazardous" or "Catastrophic", then the Task #4 output should allow for these type of situations and thus allow certain "hazardous" failure conditions to be included in the "Limit Residual Probability" guidance material.

		Second fundamental issue: SRC Latent + 1 (addressing the question “What do you do” when a SRC latent failure condition leaves you one failure away from a catastrophe).
Draft recommendation: Give special consideration to this issue when addressing residual probability.		Used to Modify Task 3 Recommendation		Company "A" feels that if the criteria are written correctly there should be no need for special criteria for latent + 1.  Also, Company "A" would like clarification of the definition of latent +1 (recommendation 10 revision 2 (Slide #15 #35) seems to imply that it could be more than just a single latent plus a single active failure).		In my view Company "A"s comment simply present a chicken and egg delema. In order to determine whether or not "the crieria are written correctly" we have to consider whether or not they adequately cover the situation where the airplane is expected to be one failure away from a catastrophe (see releted comment above). What constitutes the "latent" part of "latent + 1" is the issue at the heart of the third fundamental issue and hence remains to be determined by task 4. However, there is no reason to think that we will be treating a latent failure condition due to multiple failures any differently than those due to single failures with the same probability of occurrence.		Agree with both comments.		Agreed.		Agree with both comments. SRC latent does not refer to a "single failure" but to a latent failure condition.		Comment is valid and needs to be addressed.  There is a lot of work yet ahead of the Latent Subteam to figure out how to combine the First and Second fundamental issues.  The key to success in this area will be for the Task #4 team to create and document a valid example of where the "SRC Latent +1" topic is needed above and beyond the "Limit Residual Risk" topic.

		Third fundamental issue: Definition of an SRC does not consider probability leaving applicability too broad for Task 4 (need further criteria for when possible latency is not an SRC so that residual risk is not a concern).
Draft recommendation: Establish screening criteria (or filters) to determine which failure conditions will have additional specific risk criteria applied.		Taken to Task 4 Unchanged		Company "A" agrees that the definition of SRC (specific risk of concern) is too broad for latent failures, but this may be necessary as it must also cover other specific risks.  Company "A" also agrees that a screening criteria should be established to limit the scope of latent failures where specific risk criteria is applied.		I concur		Agreed, although this additional "screening criteria" is just more criteria. So as Company "A" notes above, if the overall criteria is written correctly, special screening criteria should not be needed.		Agreed however also agree with the GE comment (general comment at end of their comments).  The definition of SRC should be re-visited.		Comment accepted		Agreed -- take comment into Task #4

		Fourth fundamental issue: Limit Latency.
Draft recommendation: Establishing an acceptable criteria to limit the exposure to latent failures which are not practical to eliminate.		Taken to Task 4 Unchanged		Company "A" believes that other criteria (other than residual risk, such as limiting latency) are harder to implement.  Company "A" requests in task 4 that implementation workload be a prime consideration for a final recommendation.		I'd need more information to respond to the argument that this is "harder to implement". However, the issue of minimizing latency transcends just it's specific risk implications. It's directly associated with the determination of when providing reliable failure monitoring and indications is deemed practical (see Arsenal Para. 9.c.6). So I do believe we should give this some consideration during task 4.		Comment accepted.				No comment		I believe that within Task #4, "Limit Latency" will be an 'AND' with "Limit Residual Risk" -- that is, the two concepts will need to be combined as opposed to selecting one Fundamental Issue over the other one (which in my opinion would be a 'OR' consideration with "Limit Residual Risk")

		Draft specific recommendation 3.
Establish both the residual risk and latency criteria chosen in task 4 to set-up a control or acceptable level of risk for the subset population or fleet consistent with the current average risk criteria (e.g., do not drive 1E-09 failure combinations to 1E-12, etc.)		Taken to Task 4 Unchanged		Comment: Company "A" believes the word ‘subset’ should be removed since we are dealing with a total fleet analysis.		I disagree, in every instance that I can think of, the conditions associated with defining an SRC would not be expected to affect the total fleet life, but rather some subset of that fleet life. Whether this is a subset of the airplane population or a subset of the flying time is irrelevent to the concept.		Comment accepted.				Originally I think it was worded this way because specific risk relates to only subset of the fleet operations, i.e only part of the fleet is operating at higher risk at any given moment in time. Therefore residual risk criteria etc should only apply to a subset of the population		I don't share Company "A"'s position on this specific recommendation.  When the ASAWG considered ETOPS to be a subset of the fleet as opposed to a separate fleet, SRC needs to be considered in light of the "subset population", agreed?

		Draft specific recommendation 5.
Minimize the architectural impact of both the residual risk and latency criteria chosen in task 4 by considering the industry standard of reliability range (e.g, MIL-HDBK-217F) for components.  For example, take a dual failure cutset scenario -- neither the residual risk nor latency criteria should be outside the predicted reliability range of electronic components within that cutset.		Used to Modify Task 3 Recommendation		MIL-HDBK-217F generally contains optimistic failure rates.  More often than not, a conservative increasing of failure rates by at least one order of magnitude has been required.  Using it as a standard upon which to base residual risk criteria should be of concern.		I agree with the comment. Further, unless the data source also contains the distribution data, we can't make an educated assessment of the suitability of the architecture. I wasn't particularly supportive of this being carried forward, I'd be perfectly happy if we deleted it. However, these are also discussion we can have during task 4 if it is carried forward.		no comment		This comment along with the Airbus comment below needs to be resolved.		Disagree with comment. Although if true then this implies residual and latency criteria >10-4 since MIL-HDBF-217F has failure rates of the order 10-5/10-6 etc		MIL-HDBK-217F was just an "for example".  My personal experience is that MIL-HDBK-217F produces pessimistic results for electronic equipment on Air Transport category airplanes but optimistic results for electronic equipment on Business and Regional category airplanes.  Whatever method is used to predict reliability, the specific recommendation is still valid and needs to be taken into Task #4.

		Draft specific recommendation 5.
Minimize the architectural impact of both the residual risk and latency criteria chosen in task 4 by considering the industry standard of reliability range (e.g, MIL-HDBK-217F) for components.  For example, take a dual failure cutset scenario -- neither the residual risk nor latency criteria should be outside the predicted reliability range of electronic components within that cutset.		Used to Modify Task 3 Recommendation		MIL-HDBK-217F is not anymore up to date. Additionally the results of applying MIL-HDBK-217F is quite
often leading to over conservative results. We should also give as an example of another industry 
standard.

Change to:
……. (e.g, , MIL-HDBK-217F, TELCORDIA, FIDES) ……….		See related comments above		no comment		See above.		Comment accepted, although some other standards do not have enviroment AUC. This is typically the worst environment and should be used in making a determiniation of residual or latency criteria.		Agreed -- take comment into Task #4

		Draft specific recommendation 9.
Establish in task 4 that “SRC Latent + 1” failure conditions that are catastrophic may be allowed, but should be limited [e.g., (1) could be limited based on knowledge of the failure distribution of the one remaining failure that is stated to some confidence level, (2) Limit any anticipated critical reliance on the integrity of a single component to those meeting standardized “critical parts” acceptance criteria, etc.  These criteria should be as deterministic, and objective as possible.]		Used to Modify Task 3 Recommendation		Company "A" does not agree with example limitations 1 or 2, but considers this to be an evaluation where engineering judgment, based on reasonable guidance material, should be applied to evaluate each item on a case by case basis.		Our task 4 objective should be to establish standards and/or structured methods processes that will support consistent objective decision making. Only when we find that this objective is not attainable should we even consider resorting to more subjective case by case engineering judgements. This later approach should be viewed as an inferior recourse, not the stated objective of task 4.		Comment accepted.		(1) may never come into play since during certification, failure distribution and confidence may (probably?) be unknown		No comment. Note if as proposed above SRC Latent + 1 general recommendation is removed then maybe so too can this specific recommendation.		Again, I do not think the specific recommendation is wrong or needs modification because we used "e.g.," instead of "i.e.,".  I would think that the final decision on this point needs to be left up to the airworthiness authority and the applicant.  For example, how this topic will be addressed could be stated in the Project Specific Certification Plan (PSCP) and the agreement made between these two parties early in the program.

		Draft specific recommendation 10.
Establish in task 4 criteria for addressing “SRC Latent +1” failure combinations that are consistent across systems, that do not drive unnecessary redundancy; and that do not drive unnecessary maintenance. Additional Clarification – Revision 1 (1-9-2008):  The application of the SRC Latent +1 criteria should not as a consequence result in the majority of SRC Latent +1 configurations requiring additional redundancy. Revision 2 (1-9-2008):  The application of the SRC Latent +1 criteria should not as a consequence result in the majority of applicable 3rd order, 4th order cutsets etc. requiring additional redundancy.		Used to Modify Task 3 Recommendation		Company "A" does not agree with either revisions. Also, see response to fundamental issue 2 concerning clarification about the definition of Latent+1.		I agree with Company "A"s disagreement, just not with their rationale. I'd be more than happy to let task 4 determine what these criteria should and should not do.		Comment accepted.		It appeared that each additional revision are becoming more restrictive as to when redundancy is unnecessary		The objective of this recommendation was to limit the application of any SRC latent + 1 criteria. Any SRC latent + 1 criteria was not to be defined so broadly that for example 90% of the time the cutset under evaluation could not meet the criteria and thus required additional redundancy. If SRC Latent + 1 general recommendation is removed then maybe so too can this specific recommendation.		The key here, in my opinion, is deciding a "number" to place on "Limit Residual Probability".  If the number is acceptable to industry and the regulatory authorities, then this issue is handled by default.

		Draft specific recommendation 11.
Limit the application of latency criteria chosen in task 4 to only those scenarios where (a) latency can not be eliminated or further reduced through practical means (i.e., like AC 25.1309-1A does now, indicate that relying on maintenance to detect latent failures is undesirable and should not be used in lieu of practical monitoring, etc.), [Note:  need to add more clarifying words here – bring technical and cost benefit aspects into account] and  (b) an acceptable total probability criteria can be met (e.g., 1E-0x).		Used to Modify Task 3 Recommendation		Company "A" cannot comment on 11a since it states that additional clarification is needed.  Company "A" believes that this should be done before presentation to the TAEIG.  Also, Company "A" requests clarification on 11b.  The wording is different from earlier documents and Company "A" cannot comment until there is additional clarification.  As written, Company "A" does not agree with this recommendation.		This is intended to call for a "pre-filter" on identifiable significant latents such that all practical action is already taken to either eliminate or minimize the latency and the failure conditions shown to meet the average risk criteria before we even consider applying additional specific risk criteria. The discussion of additional clarification has to do with establishing how to determine what is "practical" (i.e. technologically feasible + economically cost beneficial).		Agree with comment.		If you read (b) without (a) it reads like this:  Limit the application of latency criteria chosen in task 4 to only those scenarios where an acceptable total probability criteria can be met (e.g., 1E-0x).  So in essence, it states that if an acceptable total probability criteria can be met you need to apply a latency criteria.  Previously it stated: "Only allow latency which cannot be eliminated or further reduced through practical means; and which meet an acceptable total probability criteria (e.g. E-3)."  This is more clear however it still has the problem of putting another limiter on the SRC.  If they are going to be used, limiters need to be in the definition, however what all of these limiters are showing to me is that we are going to get more complicated than we currently are.		Agree with comment.		I am confused by the Company "A" comment.  I thought the "going in" assumption for the whole ASAWG effort was that SRC's would be given a probability of failure numerical requirement that was greater than the average risk numerical requirement for a given hazard classification (e.g., "Catastrophic" failure condition needs to meet 1E-09 for average risk, but could be as high as 1E-07 for a given SRC).  Agreed?

		Draft specific recommendation 11.
Limit the application of latency criteria chosen in task 4 to only those scenarios where (a) latency can not be eliminated or further reduced through practical means (i.e., like AC 25.1309-1A does now, indicate that relying on maintenance to detect latent failures is undesirable and should not be used in lieu of practical monitoring, etc.), [Note:  need to add more clarifying words here – bring technical and cost benefit aspects into account] and  (b) an acceptable total probability criteria can be met (e.g., 1E-0x).		Used to Modify Task 3 Recommendation		Input related to the [Note:  need to add more clarifying words here – bring technical and cost benefit 
aspects into account] 

Change to: 
Consider the following aspect in the specific recommendations 11:
“The need for a maintenance action to cover the detection of an hidden failure should be the best compromise between design complexity, maintenance costs, regulatory burden and reliability."		We normally role all these considerations into two phrases: "technical feasibility" and "economic cost benefit". The methods for establishing the later are well established, however the former is often a subject for debate. While I agree in principle with the Airbus considerations. I think it would be best to keep what's in here simple and save inclusion of all the "balancing act" consideration for the policy developed in task 4.		Comment accepted.		Agreed.		Comment accepted. Although it would be better if we could refer to acceptable process for making this determination.		I agree with Airbus' suggested wording.

		Draft specific recommendations - general.		Taken to Task 4 Unchanged		Residual risk is not defined.		I really don't understand the comment. Risk is simply: severity x probability. The task group assumed we were only going to address catastrophic failure conditions, hence the severity aspect of risk was deemed fixed. We defined the residual probability, so what's left. Clearly probability can be calculated over any number of exposure times, but that's part of determining what the limiting criteria should be as a function of the SRC. So it doesn't seem meaningful to say here, over the period of the latency, per flight, per flight hour, or instantaneous. Besides, it really doesn't change the concept.		Don't agree.  Criteria is not defined, but the term is sufficiently described.		Agreed.  The term needs to be explicitly defined or will be open to interpretation.		Don't agree.  Criteria is not defined, but the term is sufficiently described. It refers to a probability.		Just add a definition of "Residual Risk" into the "ARAC ASAWG Report on Specific Risk".

		Draft specific recommendations - general.		Taken to Task 4 Unchanged		Needs to be clear that the applicant can continue to take the probability of the failure and divide by the entire average flight  time to get the probability per hour of flight (this is also an issue for ACTIVE and FLIGHT TIME).		Again, the period over which the risk associated with an SRC should be computed is a fundamental part of task 4 and may not be the same for all types of SRC's.		Comment accepted.		Agreed.		Comment accepted.		I disagree.  I thought part of the whole ASAWG effort was to come up with criteria for "Probability per Event" like was allowed in AC 25.1309-1A since AC 25.1309 Arsenal made everything a "divide by the entire average flight time to get the probability per hour of flight".  I say this because my presentation (autopilot example) from a few meetings ago showed that the ARSENAL version could allow lower reliability equipment to make it into the field if only AVERAGE RISK calculations were performed.

		Draft specific recommendations - general.		Taken to Task 4 Unchanged		Due to the unique nature of HIRF and Lightning (both direct and indirect) and the application of these environments, HIRF and Lightning (both direct and indirect) should be exempted from discussions on specific risk and compliance shown through prescriptive guidance.		I disagree as clearly EMC related consideration where explicitly implicated in the tasking (e.g. §25.981). Separate regulatory activity would be required to accomplish this, and may well be forthcoming for "structural lightning protection", but not "systems lightning protection".		no comment		Agreed.		Comment accepted		I disagree.  Isn't HIRF and Lightning to be considered part of SRC discussion?  That is, the systems on-board still need to be designed assuming these events receive some sort of probability of occurrence (whether it is "1" or some other numerical value).
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6.3.1.6 Recommendations for Task 4

Based on these pros & cons and recommendations from previous attached tables,
general recommendations were made for each fundamental issue as follows:

6.3.1.6.1 First Fundamental Issue — Limit Residual Probability

o Establish a single consistent objective criteria and methodologies to limit the worst
anticipated residual risk for catastrophic failure conditions.

e Determine whether limiting residual probability for any hazardous failure condition
is warranted.

6.3.1.6.2 Second Fundamental Issue - SRC Latent + 1

e Give special consideration to this issue when addressing residual probability.

6.3.1.6.3 Third Fundamental Issue - Definition of an SRC

o Establish screening criteria (or filters) to determine which failure conditions will
have additional specific risk criteria applied.

6.3.1.6.4 Fourth Fundamental Issue - Limit Latency

o Establish acceptable criteria to limit the exposure to latent failures which are not
practical to eliminate.

For example, limit the exposure to a latent failure in an inverse relationship to the
failure rate such that maximum total probability of the latent failure is less than
some TBD fixed value (e.g., some of the current practices use 1E-3).

We recommend that this issue be carried forward as an and/or consideration with
Fundamental Issue 1.

6.3.1.7 Additional Considerations for Task 4

The following additional considerations for Task 4 were derived from a review of the
pros and cons associated with each fundamental issue. These additional
considerations convey guidance for interpreting the intent of the general
recommendations.

1 Limit the application of both residual risk and latency criteria chosen in Task 4
to Catastrophic failure conditions. Limiting residual probability for hazardous
failure conditions may not be warranted and will need to be further addressed.
[Note: Part 33 Engines worst case failure condition is “Hazardous” by
definition of 33.75; there are some concerns with hazardous failure conditions
which (a) border on being catastrophic (e.g. 1 in 50) or (b) result in 1 or 2
fatalities].
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Limit the application of both residual risk and latency criteria (e.g.,
Fundamental Issue 3, see 6.3.1.6.3) chosen in Task 4 by probability and/or
cutset order. Only a subset of possible configurations needs to be reviewed
and will be determined in Task 4.

Establish both the residual risk and latency criteria chosen in Task 4 to set-up
a control or acceptable level of risk for the subset population or fleet consistent
with the current average risk criteria (e.g., do not drive 1E-9 failure
combinations to 1E-12, etc.).

Limit the application of both residual risk and latency criteria so that they do
not result in excessive analytical workload. Keep the criteria and process as
simple as possible.

Minimize the architectural impact of both the residual risk and latency criteria
chosen in Task 4 by considering the industry standard of reliability range (e.g.
MIL-HDBK-217F, TELCORDIA, FIDES, NPRD and EPRD) for components.
For example, take a dual failure cutset scenario -- neither the residual risk nor
latency criteria should be outside the predicted reliability range of electronic
components within that cutset.

Limit the application of both the residual risk and latency criteria chosen in
Task 4 so that they do not routinely force significant increased model
resolution (e.g., the use of LRU level basic events and associated MTBFs
should be acceptable in fault tree models if justified by either a FMEA or a
common cause analysis). Criteria should account for the existing
conservatism in prediction methods like part count or part stress analysis used
to calculate MTBFs when applied at the LRU level.

Limit the application of both the residual risk and latency criteria and policy
chosen in Task 4 so that they do not adversely impact the risk of maintenance
errors [e.g., increase the frequency such that traditional shop maintenance is
moved to the flight line, increase the frequency of RIl tasks (Required
Inspection Items), etc.].

Establish in a clear, concise manner that both the residual risk and latency
criteria chosen in Task 4 will recognize that exposure times are dependent
upon when the failure occurs within a specific failure sequence (i.e., exposure
times will change based on failure sequence).

Establish in Task 4 that “SRC Latent + 1”7 failure conditions that are
catastrophic may be allowed, but should be limited via criteria which are as
deterministic and objective as possible. If objective criteria are not attainable,
resorting to more subjective case by case engineering judgments may be
needed. Deterministic criteria examples are (1) reliance on the one remaining
failure that has a failure distribution to some known confidence level, or (2)
reliance on the integrity of a single component to those meeting standardized
“critical parts” acceptance criteria (examples: special process controls on
design, production, operation, and/or maintenance to limit failures of critical
parts such as turbine disks or wiring), etc.
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Establish in Task 4 criteria for addressing “SRC Latent +1” failure
combinations that are consistent across systems, that do not drive
unnecessary redundancy; and that do not drive unnecessary maintenance.
Any SRC latent + 1 criteria is not to be defined so broadly that for example
90% of the time the cutset under evaluation could not meet the criteria and
thus required additional redundancy.

Only allow latency which (a) cannot be eliminated or further reduced through
practical means (i.e., like AC 25.1309-1A does now, indicate that relying on
maintenance to detect latent failures is undesirable and should not be used in
lieu of practical monitoring, etc.), [Note: may need to add more clarifying
words in AC 25.1309 to define "practical" (e.g.. bring in technical and
economic feasibility, design complexity, maintenance costs, regulatory burden
and reliability)] and (b) meets an acceptable total probability criteria (e.g. less
than 1E-3).

Establish in a clear, concise manner in Task 4 that exposure times equal to the
life of the airplane in 3rd order cutsets (or 4th order cutsets, or 5th order
cutsets, etc.) will not be prohibited.

6.3.2 Active Failures Task

6.3.2.1 Introduction

The active task group examined the current regulations and guidance material
identified in Task 2.

6.3.2.2 Task 3 Table

As directed by the tasking, the sub-team determined if the regulations and practices
were adequate, appropriate and applicable across systems. The results are
documented in the attached Task 3 table. This table was then used to perform the
review described in section 6.3.2.3.

ASAWG_Task 3
Table_Active

6.3.2.3 Fundamental Issues

To meet the objectives of Task 3, the Active task group identified the following
fundamental issues:
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Active & Design

		Active Task																		Active Task

		Task 2																		Task 3

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		HOW												APPROPRIATE (CORRECT)?												ADEQUATE (COMPLETE)?				APPLICABILITY

								1-Criteria used for selecting failure condition worthy of consideration		2-Acceptability of the next most critical failure on safe operation		3-Failure probability assumptions and method of substantiation		4-Criteria for determining allowable rectification intervals		5-Criteria for limiting the rectification or dispatch interval		6-One failure away from catastrophe		Is it commensurate with the potential level of risk?		Is it clear (unique interpretation)?		Is it a current requirement?		Is it practicable, i.e. achievable in itself and achievement verifiable?		Is it redundant with 25.1309 Arsenal Version?		Is it consistent with other rules and guidance related to the particular condition being reviewed?		Is the reason for the regulation/guidance given (why, preamble)?		Are all the relevant Hazardous and Catastrophic failure conditions covered?		Is it possible to be applied across all systems for this particular condition?		Is it possible to be applied across all systems for other particular condition?

		25.671c2
(Single plus probable)		Based on Service History/Good Engineering Practice		Current FAA Interpretation of Existing Rule		Section 25.671(c)(2) primarily relies on the 25.1309 analysis to identify "combinations of failures not shown to be extremely improbable." In addition, Section 25.671(c)(2) specifies that any "single plus probable" failure combinations must also be considered.  Probable failures are as defined in AC 25.1309-1A.		The "single plus probable" criteria assumes a failure exists, and therefore it does address "the next most critical failure."		Based on 25.1309 system safety analysis.		Based on 25.1309 system safety analysis 
Since both failures are active on the same flight, the dispatch interval is no more than the one flight.		Credit for crew action maybe taken after first failure.  No dispatch interval beyond the flight.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.		Yes, analysis is bounded by looking at two failures.		No, different applicants have received different guidance on where the system ends and structure begins.		Yes based on FAA interpretation of current rule.		Yes		In places.  Jams are excepted from 25.1309 while some applicants use the methods in the arsenal version to show compliance with the requirements of this rule.		No.  Jams are excepted from the analysis required by 25.1309.  In some applications, "single plus probable" has resulted in a probability less that what is required to meet catastrophic.		Paragraph 1 of the draft report states that the rulemaking activity was to address special conditions related to fly by wire systems.  It is also being applies to conventional control systems.		No, the requirements for 25.671C2 is that a single plus probable does not prevent continued safe flight and landing (i.e. is not catastrophic).  Hazardous functional failure conditions are not considered.		Yes, but it would be a bottom up approach that could be addressed by a two failure FMEA.		Yes, but it would be a bottom up approach that could be addressed by a two failure FMEA.

		25.671c2
(Single plus probable)		Issue Paper to Clarify Application of Existing Rule (Based on Service History/Good Engineering Practice)		Industry		For each Catastrophic condition identify the failure combinations causing the condition using 25.1309 analysis methods (e.g. fault tree analysis). Consider all dual failure combinations. For each dual failure determine that the last failure in the failure sequence is not Probable.  Probable is defined as a probability greater than 1E-5.		For each dual failure combination look at the each possible permutation.  For each permutation assume the first failure in the failure sequence to exist and if the remaining or residual probability is not probable the next critical failure is acceptable.  Triple failure containing latents are covered by the Latent group.		Based on 25.1309 system safety analysis.		Based on 25.1309 system safety analysis 
Since both failures are active on the same flight, the dispatch interval is no more than the one flight.		Credit for crew action maybe taken after first failure.  No dispatch interval beyond the flight.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.		Yes, analysis is bounded by looking at two failures.		No, different applicants have received different guidance on where the system ends and structure begins.		Yes based on FAA interpretation of current rule.		Yes		In places.  Jams are excepted from 25.1309 while some applicants use the methods in the arsenal version to show compliance with the requirements of this rule.		No.  Jams are excepted from the analysis required by 25.1309.  In some applications, "single plus probable" has resulted in a probability less that what is required to meet catastrophic.		Paragraph 1 of the draft report states that the rulemaking activity was to address special conditions related to fly by wire systems.  It is also being applies to conventional control systems.		No, the requirements for 25.671C2 is that a single plus probable does not prevent continued safe flight and landing (i.e. is not catastrophic).  Hazardous functional failure conditions are not considered.		Yes, but it would be a bottom up approach that could be addressed by a two failure FMEA.		Yes, but it would be a bottom up approach that could be addressed by a two failure FMEA.

		25.671c2
(Single plus probable)		On numerous recent certification programs, the FAA has accepted the use of the ARAC 25.671 “single plus 1/1000” criteria as providing an equivalent level of safety to the current rule.  (See discussion on ARAC proposed 25.671(c)(2).)  However, in addition to the ARAC 1/1000 criteria, the FAA has required the following additional action:
“Failure conditions that are classified as catastrophic and that occur as a result of two failures, either of which are latent, must be highlighted in the system safety assessment, subject to review by the FAA.  This review will ensure that any such failure conditions are, in fact, extremely improbable by assessing 1) the failure rates and service history of each component, 2) the inspection type and interval for any component whose failure would be latent, and 3) any possible common cause or cascading failure modes.”		ARAC FCHWG  In the presence of any single failure in the flight control system, any additional failure states that could prevent continued safe flight and landing shall have a combined probability no greater than 1 in 1000. This paragraph excludes failures of the type defined in (c)(3). (Only Active/Active and Latent/Active failure conditions to be considered by the Active TG)		The ARAC 25.671(c)(2) approach requires the setting of a system latent or active failure to 1, then identifying the remaining failure states that could prevent continued safe flight and landing. The process is repeated for each single failure. For this TG, the remaining failure states would be limited to an active failure only where the first failure could be either an active or a latent failure.		The “single plus 1/1000” criteria limits the probability of the remaining failure state, such that when the initial single failure is present, the probability of occurrence for the remaining failure is no greater than 1/1000.		A single failure is assumed to have occurred (latent or active) regardless of it's original failure probability where the remaining branch (only those components whose failure is indicated to the crew are assessed in this TG) must have a probability of failure no greater than 1/1000		Based on 25.1309 system safety analysis 
Since both failures are active on the same flight, the dispatch interval is no more than the one flight.		Credit for crew action maybe taken after first failure.  No dispatch interval beyond the flight.		At the start of the flight, the aircraft is considered full up.		Yes, analysis is bounded by looking at two failures where one of them is probable.  Two failures where both are less than probable are not considered.		No, different applicants have received different guidance on where the system ends and structure begins.  There is also some confusion as to the meaning of probable (i.e. 1/1000, or more likely than 1e-5).

Different applicants also apply conditional probability from AC 25-7A differently.  Some use the matrix approach, and then fall back on the 1309 methods to show that the conditional probabilities are more conservative than the 1309 methods.		Can be used as a equivalent level of safety.		Yes		In places.  Jams are excepted from 25.1309 while some applicants use the methods in the arsenal version to show compliance with the requirements of this rule.  

There is a difference between the methods described in AC25-7A and 25.1309 Arsenal.		No.  Jams are excepted from the analysis required by 25.1309.  In some applications, "single plus probable" has resulted in a probability less that what is required to meet catastrophic. 

In addition, this approach can result in a failure rate more severe than required by 1309 (much less  than 1e-9).		Paragraph 1 of the draft report states that the rulemaking activity was to address special conditions related to fly by wire systems.  It is also being applies to conventional control systems.		No, the requirements for 25.671C2 is that a single plus probable does not prevent continued safe flight and landing (i.e. is not catastrophic).  Hazardous functional failure conditions are not considered.		Yes, but it would be a bottom up approach that could be addressed by a two failure FMEA.		Yes, but it would be a bottom up approach that could be addressed by a two failure FMEA.

		25.933
(Inflight Thrust Reversal)		Given the Amendment 40 Preamble criticism of the use of reliability, this compliance guidance for the proposed rule was intended to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.		ARAC recommended
3 lines of defense
1.00E-03		Latent failures are covered in by the latent active group.  Credit for crew action maybe taken for addressing active failures.		Latent failures are covered in by the latent group.  Credit for crew action maybe taken for addressing active failures.		Standard Safety Assessment Practices		Active failures do not have an dispatch interval of more than one flight, if not otherwise stated in the MMEL. The Latent groups addresses latent failures.		None is specified. 

Limiting the dispatch interval according to MMEL.
 The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.

		25.933
(Inflight Thrust Reversal)		To apply ARAC guidance (Draft AC/AMJ 25.933).

Given the Amendment 40 Preamble criticism of the use of reliability, this compliance guidance for the proposed rule was intended to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.

At least a combination of two active failures is required for inflight thrust reversal.		Industry Application of ARAC recommendation (Reliability Option)		A combination of two active failures required for inflight thrust reversal.

After entry into service, it was discovered that one of the failures could be latent.  This case is covered by the Latent group.		Assuming any one and only one active failure situation is present, the next most critical failure can lead to an inflight thrust reversal.

After the latent failure, the second failure could produce an inadvertent thrust reverser deployment. This case is covered by the Latent group.		Based on 25.1309 system safety analysis and the use of field data to establish failure rates.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

The Latent groups addresses latent failures.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

None is specified. Limiting the exposure time according to MMEL.
The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up. If there is an item relief by MMEL, then at least 2 active failures required for inflight thrust reversal.

Yes, for two channel systems where both failures are active, no for systems with more than two channels.		Yes, it is commensurate with the potential level of risk as currently ruled by 25.1309 and guided by AC/AMJ Arsenal for the systems failing all active.		No, it is different from FAA GIP (analysis required only if the design can have contributory faults present for more than one flight), which predicts that at the beginning of each flight the (residual) risk of inflight T/R deployment is less than 1.0E-6/FH.		Can be used as an equivalent level of safety.		Potentially No. Usually it is impractical to eliminate all latencies on the thrust reveser system.		Yes, for failure conditions that have active failure contributions only leading to top level event.		No. Since both (dual) channels must fail active and there is no minimum reliability requirement for the remaining channel if one failed active.		Yes. After entry into service, it was discovered that one of the failures could be latent.		No. This is related to catastrophic failure condition only.		No since it is impractical to eliminate all latencies in the thrust reveser system.		No since it is impractical to eliminate all latencies in other systems.

		25.933
(Inflight Thrust Reversal)		Given the Amendment 40 Preamble criticism of the use of reliability, this reliability in lieu of controllability equivalent safety finding guidance was intended to manage part of the variability and uncertainty which could render the conclusions of an average risk analysis invalid.		FAA GIP
Disp Config 1.0E-08
Residual risk 1.0E-06		Active failures would allow credit for crew action.  Latent failures are covered by the Latent group.		Active failures would allow credit for crew action.  Latent failures are covered by the Latent group.		Standard Safety Assessment Practices		Active failures do not have an dispatch interval of more than one flight, if not otherwise stated in the MMEL. The Latent groups addresses latent failures.		None is specified. 

Limiting the dispatch interval according to MMEL.
 The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems where both failures are active, no for systems with more then two channels.

		25.933
(Inflight Thrust Reversal)		To apply GIP guidance.		Industry Application of GIP guidance		A specific risk analysis which predicts that at the beginning of each flight the aircraft will continue to meet the "no single failure" criteria of analysis #1 above and that the risk of catastrophic inflight deployment is less than 1X10-6 / flt.hr. This analysis is only required if the design can have contributory faults present for more than one flight.  This analysis must consider any aircraft configuration (including latent faults) anticipated to occur in the fleet life of the airplane type which is not proposed to be precluded from dispatch by the MMEL.  For the purpose of this analysis a configuration whose probability of occurrence is greater than 1X10-8 must be assumed to occur unless a lower total fleet exposure time can be justified by prescribing either production or utilization limits.  This analysis provides a previously unavailable tool to assist in the assessment of MMEL and MRB proposals.		Active failures would allow credit for crew action.  Latent failures are covered by the Latent group.		Standard Safety Assessment Practices		N/A		N/A		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems where both failures are active, no for systems with more then two channels.

		25.901 c		1309 type "top down" quantitative analysis covers active - active failures including "probable combinations" within complex fault tolerant systems.		Current FAA Interpretation of Existing Rule		Active - active failure conditions not shown to be extremely remote (??) that could contribute to a subsequent condition that would jeopardize the safe operation of the airplane.		No foreseeable single failure may jeopardize the safe operation of the airplane. Foreseeable single failure is defined as: "any failure, or set of failures not shown to be independent from each other, for which the physics of the failure can be defined and its occurrence cannot be acceptably ruled out."
For combinations of failures ("active") whose criticality and probability per flight hour are both expected to remain essentially constant over the fleet life of the airplane type, compliance with §25.1309(b) by means of AC25.1309-1B (Arsenal Version) acceptably covers compliance with the “probable combinations” aspect of §25.901(c).		Standard Safety Assessment Practices		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

The Latent groups addresses latent failures.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

None is specified. Limiting the exposure time according to MMEL.
The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up. 

Yes, for two channel systems where both failures are active, no for systems with more than two channels.		Yes, it is commensurate with the potential level of risk as currently ruled by 25.1309 and guided by AC/AMJ Arsenal for the systems failing all active.		Yes. Both FAR 25.901c and CS 25.901c have same approach for their compliance demonstration of active failures only, guided by AC/AMJ 25.1309.		Yes for combinations of active failures only.		Yes		Yes for combinations of active failures only.		No, there is no minimum reliability requirement for the remaining channel if one failed active.		?		Yes		Yes for combinations of active failures only.		Yes for combinations of active failures only.

		25.981		Regulatory requirement mandating the preferred means of compliance with 25.981 in an attempt to prevent any repeat of TWA 800.  25.981 (a) (3) "Demonstrating that an ignition source could not result from each single failure, from each single failure in combination with each latent failure condition not shown to be extremely remote, and from all combinations of failures not shown to be extremely improbable.  The effects of manufacturing variability, aging, wear, corrosion, and likely damage must be considered.		Current FAA Interpretation of Existing Rule		According to 25.1309 analysis.

Ignition source resulting from each single failure in combination with each latent failure condition not shown to be extremely remote [Latent group], and from all combinations of failures not shown to be extremely improbable.		Active failures would allow credit for crew action.

Latent failures are covered by the Latent group.		Standard Safety Assessment Practices.               The fluid is assumed to be flammable at the time the ignition source is created.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

The Latent groups addresses latent failures.		Active failures do not have an exposure time of more than one flight, if not otherwise stated in the MMEL.

None is specified. Limiting the exposure time according to MMEL.
The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up. 

Yes, for two channel systems where both failures are active, no for systems with more than two channels.		Yes, it is commensurate with the potential level of risk as currently ruled by 25.1309 and guided by AC/AMJ Arsenal for the systems failing all active.		Yes.  Both FAR 25.981 and CS 25.981 have same approach for their compliance demonstration of active failures only, guided by AC/AMJ 25.1309.		Yes for combinations of active failures only.		Yes		Yes for combinations of active failures only.		No, there is no minimum reliability requirement for the remaining channel if one failed active.		?		No. This is related to catastrophic failure condition only.		Yes for combinations of active failures only.		Yes for combinations of active failures only.

		Existing 25.1309		(b) The airplane systems and associated components, considered separately and in relation to other systems, must be designed so that—

(1) The occurrence of any failure condition which would prevent the continued safe flight and landing of the airplane is extremely improbable, and

(2) The occurrence of any other failure conditions which would reduce the capability of the airplane or the ability of the crew to cope with adverse operating conditions is improbable.

Also CS 25.1309		Existing Advisory Material AC25.1309-1A		Comes out of FHA process		Determined by joint probability requirement for failure condition		Based on 25.1309 system safety analysis		Determined by joint probability requirement for failure condition		None is specified. 

Limiting the dispatch interval according to MMEL. The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.		Yes		No		While AC 25-1309-1A has not been revised, the Diamond Draft, Arsenal Draft or EASA AC is being applied on new programs.		Yes		The arsenal version is a method to show compliance to the existing requirements of 25.1309.		The AC grants exceptions to the rule where past practices have shown to be acceptable.		Yes		Yes		Yes		Yes

		1309
AC 25-19		Does not apply to active - active failures.		Current FAA Interpretation of Existing Rule		Does not apply to active - active failures.		Does not apply to active - active failures.		Based on 25.1309 System Safety Assessment.		Active failures do not have an dispatch interval of more than one flight, if not otherwise stated in the MMEL. The Latent groups addresses latent failures.		None is specified. 

Limiting the dispatch interval according to MMEL. The Latent groups addresses latent failures.		NA		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.		Does not apply to active - active failures.

		25.901c and 25.1309
(Time Limited Dispatch)		FAA Policy included as appendix B of SAE ARP 5107 Rev B.  This does apply to active-active failures		SAE ARP 5107 Rev B.		For Dual:
Dual-engine shutdown probability due to control system failures including C2 faults (latent) is classified as Catastrophic.

For Single:
Any  Electronic Engine Control failure that would increase the Loss of Thrust Control Rate above 1E-5 per hour.		Control system dual-engine shutdown rate should be kept below 1E-9/hour. Consequences of next most critical failure vary widely, depending on the precise dispatch configuration of both engines.

For Single:
Will not increase Loss of Thrust Control Rate beyond an engine specific threshold (1E-4 per hour).		see SAE ARP5107 - Guidelines for Time-Limited-Dispatch (TLD) Analysis for Electronic Engine Control Systems		Fleet-average predicted shutdown rate shown to meet 25.901c and 25.1309		Fleet-average predicted shutdown rate shown to meet 25.901c and 25.1309		Yes, for two channel systems, no for systems with more than two channels.		Yes		No, otherwise there would be no need for the policy letters included in SAE ARP 5107 rev B.		Yes		Yes		Yes, sets requirements on a single engine so the combined probability meets 1e-9 (LOTC <1e-5)		No, otherwise there would be no need for the policy letters included in SAE ARP 5107 rev B.		Preamble does not address Time Limited Dispatch.		Yes		Yes		Yes

		33.75		no 'probable' engine failure result in various effects from prior rule.		AC33.75.  FMEA or FTA most commonly used		Single or multiple failures resulting in 7 specific effects for hazardous engine, or resulting in major engine effects. Primary failures of critical components (parts required to have high integrity) are excluded from analysis		probabilistic for average engine		Similar to 25.1309 guidance requirements; hazardous engine level and major engine level only (catastrophic not considered at engine level).   Credit permitted for the probability of specific modes or mission segments where the failure condition is limited to those modes or segments (7c).		Active failures do not have a dispatch interval of more than one flight, if not otherwise stated in the MMEL. The Latent groups addresses latent failures.		Limiting the dispatch interval according to MMEL.  The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more than two channels.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.		N/A
No specific risk requirements in 33.75 or associated guidance material.

		33.28		Certain engine mechanical failure modes that would otherwise result in an uncontained engine burst are mitigated with an overspeed protection system. AC 33.28-1 assures that this overspeed protection system is designed with a reliability level commensurate with its role.		AC 33.28-1 requires that the failure rate of the overspeed protection system should be on the order of one event per 10,000 hours.  This requirement applies to each configuration allowed to dispatch - - i.e. any MMEL or TLD concessions cannot increase the risk above 1 in 10,000 hours. Also, the overspeed protection system must be checked and verified operational prior to each flight. (Not all paths of the system are necessarily checked every flight, but overall system operation is verified).		Active failures would allow credit for crew action.  Latent failures are covered by the Latent group.		Active failures would allow credit for crew action.  Latent failures are covered by the Latent group.		A fault tree is prepared for the failure condition "Loss of Overspeed Protection" to obtain quantitative verification of compliance.		Most system components have only a 1-flight latency period. However, certain redundant components may be in a failed stated for multiple flights.  The dispatch interval for each is determined per the applicable details of the engine operation and maintenance manual.   If no inspection or test schedule is defined in the manual(s), the component is assumed to have a dispatch interval (exposure time) equal to the component service life.		The overspeed protection system must be checked and found operational before each flight. [Mandatory per AC 33.28-1].		Yes, for two channel systems, no for systems with more than two channels.		Yes		Yes		Yes		Yes		No		It is consistent in the sense that there are no conflicting rules or guidance that define different overspeed system requirements.		Yes - the logic is that a system designed to provide safety protection should meet a high reliability standard.		No - the guidance focuses on  engine mechanical failures that are accommodated by the overspeed protection system.		N/A		Possibly - the broader concept implied by this regulation is that "safety systems that protect against Hazardous events must have a failure risk < 1 in 10,000 hours. A further feature of the concept could be that this applies only to Hazardous events with potential single point failures that activate the safety system.

		AC 25.933		TR draft AC		Addressed under 23.1309 for active - active

		25.904		ATTCS		This is covered by the AFHA/SFHA and PRA used to show compliance to 25.1309.		Any member of a two order cutset for a catastrophic functional failure condition where both members can fail active.		Any member of a two order cutset for a catastrophic functional failure condition where both members can fail active.		Based on 25.1309 System Safety Assessment.		Active failures do not have an dispatch interval of more than one flight, if not otherwise stated in the MMEL. The Latent groups addresses latent failures.		Limiting the dispatch interval according to MMEL. The Latent groups addresses latent failures.		At the start of the flight, the aircraft is considered full up.  

Yes, for two channel systems, no for systems with more then two channels.

		Aging, Wear and Cycle Dependences		25.981
25.1309
Others?		RR & GE have addressed components, where reliability monitoring/tracking has shown an increasing risk of component failure, by using the wear-out probability rates (to calculate a new average risk probability that is specific to a population) to determine the removal times for the critical components (i.e. those at highest risk removed first followed by different times for those at lower risk) – currently used for continuing airworthiness purposes only. 
25.981 is one of the first regulations to incorporate reference to the need to consider wear, aging, degradation, etc.
Analysis may be revisited after aircraft TC to extend design service goals or lifetime.  
The update of analysis may 
- concentrate on catastrophic and some hazardous failure conditions,
- lead to the revision of the constant failure rates of equipments/items concerned due to the extended design service goals or lifetimes (e.g. revision of constant failure rates for equipments/items, if extended design service goals or lifetimes lead to increased fatigue loads not covered by specification for TC).		If a population exceeds the type design limits. Analysis for catastrophic (and some hazardous) may be revisited after aircraft TC to extend design service goals or lifetime.		NA		Extended design service goals or lifetime: 
Based on 25.1309 system safety analysis.		Extended design service goals or lifetime: 
Based on 25.1309 system safety analysis. 
Analysis may be revisited after aircraft TC to extend design service goals or lifetime.		Extended design service goals or lifetime: 
Based on 25.1309 system safety analysis. 
Analysis may be revisited after aircraft TC to extend design service goals or lifetime.		NO		Significant aspect where average risk may be re-evaluated at unscheduled intervals due to in-service failure events.		Guidance of ARP 4761 is clear in that probability calculations are based on average probabilities and does not take this particular condition into account. Also, there is no guidance on cycle dependency aspects.		No. The failure rates are assumed to be constant over time and are estimates of mature failure rates after infant
mortality and prior to wear-out. No requirement for system component limitations (only for structural items currently).		Yes.  New average failure rates can be calculated based on in-service experience and reintroduced into SSA's to verify that compliance is still being achieved. Could lead to implementation of system component life limitations.		No. Arsenal version is the same as current requirements in this respect.		Calculation of failure rates according to the Arsenal version is the same as ARP 4761 (constant rate). Similar assumptions made for                  AC 25.1309-1A.		NA		No. Could highlight failures not previously considered (e.g. failures considered under the current constant failure rate approach might not be considered to occur during the lifetime of the aircraft but when assessed under this condition, this same failure may have to be accounted for earlier with limitations imposed to address safety concerns).		Yes. Applies to all systems that 25.1309 covers		NA (this question does not make much sense to me - what am I missing?)

		Operating Mode		Existing 25.1309, Arsenal AC 25.1309		25.1309 Process		Only normal operating procedures are addressed. Failures are addressed by the Active Task Group.		NA. 25.1309 and the AFM determines what you are going to do. (Operating mode selected by the pilot)		Some operating modes inside the envelope are assumed to have a probability of 1. Others have probabilities less than 1.		One flight.		AFM procedure (one flight).		No.		Extent of duration in abnormal/emergency modes determines/increases level of risk		Yes		25.1309 requires that all expected operating conditions within the envelope be taken into consideration		Yes. Addressed by current requirements.		Yes. Addressed by current requirements.		Addressed by 25.1309		AC 25.1309/Arsenal version require assessment of crew ability to handle normal and adverse operating conditions by identifying criticality of failures/unsafe operating conditions to crew		Yes. The condition will be combined with the applicable HAZ/CAT failure conditions.		Yes. Applies to everything that 25.1309 covers		NA

		Flight Condition		Existing 25.1309, Arsenal AC 25.1309		25.1309 Process		Inside approved flight envelope		Following a failure, the aircraft is still in approved flight envelope.  And is addressed by 25.1309.		Some flight conditions inside the envelope are assumed to have a probability of 1. Others (e.g. crosswind, gust, turbulence ) have probabilities less than 1.		One flight.		NA (AFM).		Yes. Some examples presented where single string architectures where a single failure leads to a CAT failure condition have been accepted.		Extent of duration in critical flight condition(s) determines/increases level of risk		Yes		25.1309 requires that all anticipated flight conditions within the envelope be taken into consideration		Yes. Addressed by current requirements.		Yes. Addressed by current requirements.		Addressed by 25.1309		AC25.1309-1A and Arsenal require consideration of all foreseeable factors (Wx, environmental, operational), especially those that might intensify the severity of a failure condition (e.g. high crosswind) while allowing the use of conditional probability for random conditions that are justifiable.		Yes. The condition will be combined/factored with the applicable system failure conditions that could result in CAT/HAZ.		Yes. Applies to everything that 25.1309 covers		NA
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e After the first failure, you are still more than one more failure away from a
catastrophe (not universal for all situations, e.g. dual channel system),

o After the first active failure, there are ways to control (identify, quantify) the
residual risk,

e Assure compliance when considering the effects of aging and wear.

6.3.2.4 Pros and Cons of Fundamental Issues

Upon review of the fundamental issues, the group concluded that the first
fundamental issue was a subset of the second, and only carried the second and third
fundamental issues forward. Pros and cons of current practices for the fundamental
issues were then discussed, and those results are presented below:

6.3.2.4.1 “After the first active failure, there are ways to control (identify, quantify) the
residual risk”

“Pros” Attributes:

¢ Regulations/guidance control (identify, quantify) the residual risk after an
active failure

“Cons” Attributes:
e Current practices for limiting residual risk are inconsistent across systems.
¢ Inconsistent quantitative requirements for residual risk may:

o0 lead to unbalanced system architectures (e.g. in case of extremely remote
required by 25.981)

o result in the average risk being significantly below the 1E-9/1E-7 criterion
(i.e. unnecessary additional redundancy),

lead to unnecessary additional maintenance,

drive reductions in maintenance intervals that would have a net adverse
impact on safety (e.g. cause critical maintenance to be moved from the
hanger to the flight line)

6.3.2.4.2 “Assure compliance when considering the effects of aging and wear”

“Pros” Attributes:

e 25.1309 was identified as the place where aging and wear are currently
addressed. 25.1309 considers aging, wear by assuming a constant failure rate
based on service history that includes aging and wear.
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e The analysis should establish life limits or other restrictions to ensure that the
failure rate used in the analysis is constant.

e Doing an analysis using a time dependent failure rate is not required if the
applicant has established life limits or other restrictions to ensure the failure
rate is constant.

o 25.1309 and 25.981 are consistent with regard to aging and wear aspects.

“Cons” Attribute:

e System component life limits established to protect against aging and wear out
are not documented consistently.
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6.3.2.5 Stakeholder Review

The general recommendations were reviewed by stakeholders. This review
generated comments, the disposition of which is documented in the attached
Stakeholder Review table.

ASAWG_Stakeholder
Review_Active

6.3.2.6 Recommendation for Task 4

6.3.2.6.1 Recommendation for the first fundamental issue

The regulations address this fundamental issue by using different quantitative values
for different systems. Today’s regulations / guidances are inconsistent and a more
standardized approach is recommended.

This approach should:
e allow for different residual risk criteria for two channel systems and for more
than two channel systems,

e not result in the average risk being significantly below the 1E-9/1E-7 criterion
(i.e. unnecessary additional redundancy),

e not lead to negative consequences for maintenance,
e continue to allow qualitative analysis for simple and conventional systems,

e be consistent with the latent failure sub team recommendation(s).

6.3.2.6.2 Recommendation for the second fundamental issue

For aging and wear, the current regulations / guidance require further review. AC
25.1309 Arsenal currently states, “Average Probability per Flight Hour should be
estimates of the mature constant failure rates after infant mortality and prior to wear-
out ...” For mechanical components whose probability of failure may be associated
with non constant failure rates, reliability analysis may be used to determine
component life limits.

In Task 4, develop recommendation for consistently documenting system component
life limits that are necessary to protect against aging and wear out.
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		ISSUE (TASK 3 ITEMS ONLY)		COMMENTER		COMMENT				Response from ACTIVE Team Member:
TRITZ		Response from Latent Team Member:
Rameshwar Narine

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 1		Ageing & wear aspects are primarily handled through MRB process via MSG3 analysis (e.g. identification of Discard/Restoration tasks). Risks of conflicts/inconsistencies are given, when several processes handle same topics. The draft recommendation as written is covering all components involved in all categories of failure conditions (from no safety effect up to catastrophic safety effects) and may result to an unacceptable increase of limitations within the airworthiness limitation section. 
Change proposal: 
…… 
Inspection intervals or component life limits employed to protect against wear out are to be identified. They have to be promulgated through documents elected by the OEM as means to comply to 25.1529 - Instructions for Continued Airworthiness (ICAs). In either case, the failure rate should be based on all causes of failure (operational, environmental, etc.). Where available, service history of same or similar components in the same or similar environment should be used."		Only life limits are considered.
MSG3 and the MRB process occur after the 1309 process, and therfore, do not conflict.
Inspection interval reference has been removed from the recommendation.
The location of the componet life limits is TBD and will be handled in  task 4.

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 1		Chapter 4 or 5 of the maintenance manual is only one possibility, the draft recommendation should be more general.
Change to:
Component life limits or limitations have to be promulgated through documents elected by the OEM as means to comply to 25.1529 - Instructions for Continued Airworthiness (ICAs).		The location of the componet life limits is TBD and will be handled in  task 4.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 2		Based on the written comments from the survey, Cessna’s position is that consideration of ACTIVE Failures are out of scope of the ASAWG tasking as published in the Federal Register.		First the general tasking is to “…develop a recommendation that will help the FAA establish standardized criteria and guidance for conducting
airplane-level safety assessments of critical systems.”   That said, as a group we developed the definition of specific risk IAW the tasking and per the definition and criteria developed under Task #1 active failures were identified as specific risk.  It was identified that under 14CFR25.671(c)(2) and others that active failures are currently being addressed in the regulations as specific risk with minimum criteria to evaluate the risk.		Agreed.  If they are considered in-scope by the main group then the Active Failures parts of the regulations should be removed.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 2		Additional clarification in AC25-19 is needed for CMR versus non CMR items.AC25-19 section 11(a)(2)  says to consider the degree of conservatism, but does not provide any additional guidance on what is “acceptable”.  This leads to a non-uniform approach between OEMs and STC applicants. In addition, the AC needs to elaborate where these “one star” and “two star” items are recorded.		This comment is considered out of scope for this task group.		See comment above.  Best way to address is to remove active failures from consideration of specific risk.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 2		There needs to be a uniform approach on who can approve findings of compliance to 25.1529		This comment is considered out of scope for this task group.

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 2		Aging and wear for system components are failure mechanisms, not modes or conditions and are addressed in the published failure rates.   They are considered when showing of compliance to 2X.1309 is based on those failure rates.		Noted.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 2		Residual risk is not defined.		Will be defined in task 4.		Agreed.  Needs to be well-defined.

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 3		This is comment addresses the procedural aspect of the above recommendation, rather than its technical content. Although the Active task group has reached consensus on the wording for the change proposal (slide 22 of the Generic Presentation), procedurally we still need definitive ASAWG review and buy-in during Task 4.  The statement “closed with Task #3” was interpreted as inadvertently allowing a recommendation to bypass Task 4.		Carried to task 4.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 4		The objectives of SSA’s are not just to meet 1e-9/1e-7 dead on.  A margin of safety is usually expected to account for uncertainty in data assumptions, and even to ensure that for the max expected mission (if it is significantly longer than the average) the 1e-9 would not be exceeded. Also, with regard to the Hazardous category, it has a range of 1e-7 to 1e-9.  Not every Hazardous case will be strictly acceptable at the 1e-7 level, some cases may be required to meet 1e-8 or less, dependent on whether the failure condition in question might be borderline hazardous/catastrophic.		Consideration of Hazardous failure conditions will be addressed in task 4.
Changes to numberical probability ranges are out of scope.				Not sure what is intended by the comment as it relates to residual risk. Is it a rationale or alternative proposal for not performing residual risk? It is acceptable to be on the order of 10-7/10-9 if the regulatory authority agrees that there is sufficient conservatism within the numerical analysis.Disagree with statement in that it implies that it is standard practice/ AC guidance to meet the safety objectives of 10-7/10-9 using the max expected mission.  Disagree with statement in that it states 10-7 is not acceptable for Hazardous conditions. I have never been asked during a part 25 program to meet 10-8 for a Hazardous condition.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 4		AC 25-19 (CMR’s) encourages more frequent, simpler maintenance tasks as a trade off for lengthier interval, more complex tasks for candidate CMR’s.  Industry and the authorities have seen this as a benefit, or a “Pro” attribute.		Noted.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 5		From an engine OEM perspective, concerns with residual risk can end with Task 3 since:

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 5		•Part 33 Engines worst case failure condition is “Hazardous” by definition of 33.75		Noted.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 5		•Critical to flight propulsion systems such as  thrust reversers are balanced systems		Noted.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 5		•AC39-8 and the Continued Airworthiness Assessment Methodology address unknown or unexpected variation and limit risk variation to avoid specific risk of concern		Noted.		Note:  AC39-8 and CAAM are not used for certification however decisions are not made using specific risk.  The same logic should apply to certification.

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 6		Regarding the mechanical components, which are non constant failures rates, it has been proposed that reliability analysis could be used to determine component life limits and then be placed in chapter 4 or 5 of the maintenance manual...		The use of non constant failure rates are in scope.
The location of the componet life limits is TBD and will be handled in  task 4.

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 6		The aging & wear aspects of limiting components (including mechanical’s) life are currently addressed within MRB process based on MSG3 analysis using operational and engineering judgment. Also the airworthiness limitation section, within this process, defines the limitations for those safe life components only (e.g. engine rotating parts, landing gear parts, etc…) derived from their fatigue test results.		MSG3 and the MRB process occur after the 1309 process.  
The location of the componet life limits is TBD and will be handled in  task 4

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 6		Now the draft recommendation as written is covering all components involved in all categories of failure conditions. We understand that not every mechanical part is controlled or life limited, because of the associated complexity of doing it and more importantly because system redundancy and normal inspection/maintenance already provide adequate protection for all but the most critical parts. Even for Part 33 certified and on-conditioned engine, only critical parts are listed and placed in chapter 5.		This recommendation only addresses componets where the OEM has established a life limit (not all system componets are expected to be life limited).  
The location of the componet life limits is TBD and will be handled in  task 4

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 6		Embraer believes that the potential for expanding the number of life limited parts will have a substantial impact on the cost to certify, and an even greater cost to the operator, that is not justified. The current methods have been shown adequate to address aging / wear without the need to create a special means of compliance just for this mode of failure.		This recommendation only addresses componets where the OEM has established a life limit (not all system componets are expected to be life limited).  
The location of the componet life limits is TBD and will be handled in  task 4		Agreed.

		Fundamental issue: 
After the first active failure, there needs to be a way to control (identify, quantify) the residual risk		Stakeholder 7		Boeing believes that the existing average risk assessments in the regulations or advisory material adequately address active failures.  Further, Boeing believes that since an active failure, by definition, is known at the time of failure that any elevated risk is only for the current flight and the current regulations and advisory material are adequate for addressing this risk.  Therefore, Boeing believes that any further work on Active Failures should be ended with Task 3 and not be moved to Task 4.		First the general tasking is to “…develop a recommendation that will help the FAA establish standardized criteria and guidance for conducting
airplane-level safety assessments of critical systems.”   That said, as a group we developed the definition of specific risk IAW the tasking and per the definition and criteria developed under Task #1 active failures were identified as specific risk.  It was identified that under 14CFR25.671(c)(2) and others that active failures are currently being addressed in the regulations as specific risk with minimum criteria to evaluate the risk.				agree with comment

		Fundamental issue: 
Assure compliance when considering the effects of aging and wear.		Stakeholder 7		Boeing agrees existing 25.1309 guidance is adequate with respect to aging and wear and that this item can be closed at Task #3 with no further action.		Noted.  The location of the componet life limits is TBD and will be handled in  task 4
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6.3.3 MMEL Task

6.3.3.1 Introduction

A review of FAA, TCCA and JAA/EASA guidelines and policy material on the
development and approval of the MMEL was conducted in Task 2. Task 3 reviewed
the results of Task 2 to determine the appropriateness, adequacy and consistency of
the existing guidance and policy material relating to the development and approval of
the MMEL. This task was also intended to determine if a consistent approach to
MMEL development is needed with regard to Specific Risk.

The MMEL/MEL is the authority approved document that allows dispatch of the
airplane with inoperative equipment. The SR tasking is concerned with the conditions
where the airplane does not meet the average reliability requirements of 25.1309
when dispatched with inoperative equipment.

The current processes employed by OEMs and Authorities are:

e The OEMs currently provide SR assessments on selected systems based on
experience and technical knowledge

(a) All the OEMs represented in the ASAWG performed quantitative analysis on
all or selected systems to support entry on a proposed MMEL.

(b) The analysis methodology is consistent with current accepted arsenal
AC25.1309 recommendations for reliability analysis with only the selection and
approval criterion differing

e Selected MMEL items may be assessed during Function and Reliability (F&R)
flight testing conducted as part of the operational evaluation process.

¢ The flight standards process is independent of the certification process.

e Selected (proposed) MMEL items are reviewed by the FOEB/JOEBs using
engineering cab simulation.

e Selected (proposed) MMEL items are reviewed by engineering analysis using
both certification data and requested analyses.

e In service events are constantly monitored by the FOEB/JOEB chairman to
ensure continued acceptability of individual MMEL items.

The MMEL group finding in this task is that SR is not the main concern during MMEL
dispatches. Far more important are the airplane’s operational characteristics in its
dispatch condition as well as its operational characteristics after the next worst case
failure.

After consideration of these current processes, the MMEL group conclusion is that
the current policies and practices concerning the development and approval of the
MMEL over the past several decades, has consistently demonstrated a high level of
reliability and comprehensiveness in maintaining the necessary safety margins that
both the engineering and operations communities have come to expect and require.
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6.3.3.2 Task 3 Table

The Task 3 tables associated to the MMEL Task Group can be found at the link
below. These include responses from the stake holders to the questions of Adequate,
Appropriate and Applicable across Systems. In the case of the latter of these
questions “Applicable across Systems”, this question and some of the questions used
to determine if it was “Appropriate” were considered not to be applicable to the MMEL
case. The responses were used to help derive the task group’s fundamental issues.

E"‘ s
)
ey
ASAWG_Task 3
Table_ MMEL

6.3.3.3 Fundamental Issues

The MMEL Task Group identified two “fundamental issues” from the application of
the existing regulations/guidance material and various industry practices used in the
development and supporting rationale of a MMEL as defined in the Table above.
The fundamental issues identified are:

1. There is no explicit guidance on methodology for conducting specific risk
evaluation for dispatch under a MEL (“Limiting Residual Risk”).

2. The explicit guidance / methodology on the application of the next worst failure
criteria when developing a MMEL (“One Failure Away”).

6.3.3.4 Pros and Cons of Fundamental Issues

During the consolidation of the fundamental issues at the ASAWG level the two
MMEL issues were placed under the headers of “Limiting Residual Risk” and “One
Failure Away”. Each fundamental issue was then reviewed with the “Pros” and
“Cons” identified. These attributes for each review are:

6.3.3.4.1 Limiting Residual Risk
“Pros” Attributes:

e In general, the application used by the various OEMs relates back to the
25.1309 criteria, and then relies on a qualitative review to accept variances.
This permits adaptability while still providing regulatory review in the loop.

e The criterion used by large transports appears to align well with some of the
quantitative criteria by the other task groups. As an example if 1E-7 criteria is
acceptable provided you are not one random system failure away then you
potentially have a balanced system that would require two random failures
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		MMEL Task

		Task 2																		Task 3

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		How												APPROPRIATE (CORRECT)?												ADEQUATE (COMPLETE)?				APPLICABILITY

								1-Acceptability of next most critical failure on safe operation		2-Crew limitations and procedures		3-Reliability of critical components (how the reliability of components substantiated ?)		4-Allowable exposure times		5.1 Do you make a quantitative assessment for MMEL dispatch Item(s) ? 5.2 if yes, what are acceptance criteria for item and number		6-One failure away from catastrophe		NOTE: ANSWER THIS QUESTION AFTER ALL THE  QUESTIONS UNDER "APPROPRIATE" AND "ADEQUATE" HAVE BEEN ADDRESSED.  Is it commensurate with the potential level of risk given the other criteria that has been defined for this particular condition (e.g. data showing evidence of potential level of risk)?		Is it clear (unique interpretation)?		Is it a current requirement?		Is it practicable, i.e. achievable in itself and achievement verifiable?		Is it redundant with 25.1309 Arsenal Version?		Is it consistent with other rules and guidance related to the particular condition being reviewed?		Is the reason for the regulation/guidance given (why, preamble)?		Are all the relevant Hazardous and Catastrophic failure conditions covered?		Is it possible to be applied across all systems for this particular condition?		Is it possible to be applied across all systems for other particular condition?

		FOEB process		FAA Policy Letters		AEG Review of applicant P-MMEL		FOEB/ MMEL FAA & Industry Group		FOEB/MMEL FAA & Industry Working Group		FOEB/MMEL IG/ FAA Policy Letters		FAA PL’s/  MMEL IG		Do not use it. Exceptions exist		no				Yes, process  is considered to be clear as defined in FAA Orders and Policy Letters . May have however different processes for Part 23, 25 and Rotorcraft		No, there is no requirement to have an MMEL, but if you have one you have to apply the FOEB process		yes, for practicable and achievable. Info requested for Achievement verifiable		N/A		N/A		yes, if OEM wants to have an approved MMEL		For Part 25, consideration is given to the next critical failure.In limited cases, limited analysis re provided. May not be so completed for Part 23 ans Rotorcraft		N/A		N/A (*)

		FOEB, JOEB and TCCA process		FAA Policy Letters		AEG Review of applicant P-MMEL		FOEB/ MMEL FAA & Industry Group		FOEB/MMEL FAA & Industry Working Group		FOEB/MMEL IG/ FAA Policy Letters		FAA PL’s/  MMEL IG		Do not use it. Exceptions exist		no		Experience has shown that it is commensurate but need to be further refined		Process is clear - Requirement also		No		Yes from OEM standpoint		N/A		N/A		yes		Typically limited to 'Next critical (worst case) failure'

		FOEB process		FAA Policy Letters		Proposed  P-MMEL to AEG		Engineering and operational judgement is used to determine what equipment should be considered as the next critical failure.		Part of the overall MMEL development process (using engineering and operational judgement) to ensure item has "acceptable level of safety"		OEM Continued Operational Safety Program monitors inservice reliability for all airplane systems.  If an item is identified that affects the MMEL, the MMEL would be revised as needed		No FAA guidance for determining if item should be Category A, B or C.  FAA Policy Letter 52 provides guidance for determining items that are Category D.		No, Must have an "acceptable level of safety"		no

		Certification Process		The assessments are performed based on the item in question inoperative + the next failure		OEM provide SSA assesmment for dispatch with the requested MMEl item		Look at system safety analysis and impact of inoperative item coupled with the next failure and assess whether the residual probability is still “on the order” of what it should be for the failure classification being assessed		Determine if there are additional crew or maintenance procedures required (i.e. checking functioning of systems/components that would not normally be checked to ensure they are available). List as proviso’s of the relief.		System safety analysis and any testing done to validate scenario		Look what can be allowed in order to achieve the objectives of #1. Also use qualitative engineering judgement.		5.1: yes, MMEL SSA required for significant (Haz&Cat) items
5.2: on the order of Full Up 25.1309 requirements		no

		JAR MMEL		JAR MMEL/MEL.010 - The MMEL is a general document that lists the equipment which may be temporarily inoperative, subject to certain conditions, while maintaining an acceptable level of safety as intended in the applicable JAR. Each MMEL is specific to an aircraft type.		Dedicated Applicant-EASA meetings - dedicated JOEB Board including Project Certification Manager		Qualitative or quantitative, review OEM method for acceptability.		Cert review (especially by Flight test panel - The cert panels review all items and consider not just limitations and procedures. Flight test panel normally have the most significant input as they have a greater overview and experience flying the type and factors that affect performance), comparison of relief given on similar types.		Quantitative analysis and flight test where required. - primarily where there are concerns related to pilot workload and operating procedures - not sure this fits here as it is not directly related to reliability, the only reliability figures we review are related to the SSA.		Engineering judgement, comparison with similar example where available.		Upon applicant's philosophy		no				Yes, process  is considered to be clear as defined in JOEB MMEL Process Manual		No, there is no requirement to have an MMEL, each National Aviation Authority (NAA) has legal findings on approving an MMEL for type-designed A/C. Note: when EASA takes responsability for MMELs (EST, 2009), each manufacturer will be required to have an EASA approved MMEL. This is expected to be part of the Operational Suitability Certificate (OSC) approval.		Yes		N/A		N/A		Yes, it's documented - JOEB MMEL  Procedures Manual		OEM are required to provide substantiation.		N/A		N/A (*)

		Similar to FOEB process		Similar to FAA PL		In the past programs, because of Embraer internal approach of dealing with MMEL items, it was agreed that these items should be considered failed for the certification purpose (single item in general at a given time).		Considering p=1 for MMEL items, others should follow 1309 criteria		Crew procedures defined based on indicated failures (active failures).		Is this for Latent failures? If so, for significant dormant failures, leading to catastrophic or hazardous failure conditions, we do highlight them at certain level which may become CCMR. And then there is some others criterion to reduce maintenance interval depending on their criticalities		Hypothetically any exposure time would be allowed for MMEL items since this is considered failed. I f not compliant, use of benchmark to industry standards.		5.1: yes
5.2: Full Up 25.1309 requirements with exceptions		no

		Part of FOEB process		we offer guidance to the Flight Operations Evaluation Board (FOEB), who are responsible for the MMEL, as to the acceptability of MMEL items		Apply PL 45 and FAA ANE Policy letter on TLD		Obviously, it is not allowed to result in a Catastrophic condition or  in a Hazardous condition.  Again, the method used is generally a qualitative evaluation of the next “most significant” failure. Note: overspeed protection feature is NO GO item. Dispatch with engine-related TCM protection inoperative for a very limited period.		Qualitative process are generally used.  The acceptability of any proposed limitations and procedures is determined by the safety board for the type design aircraft - as well and the FAA and manufacturer pilots.		Critical components – and the “survey or inspection” of them – should be covered by the Instruction for Continued Airworthiness (ICA’s) for the aircraft.  In addition, the Maintenance Review Board will issue the required minimum maintenance plan for the type design aircraft following it’s MSG 3 meetings and the issuance of the Maintenance Planning document for the aircraft.		For TLD operations of FADEC systems, the time limits are not covered via a CMR at the aircraft level, because they are contained in the Instructions for Continued Airworthiness for the engine. When dispatching with short time (ST) faults under the MMel, the time period cannot be longer than that given in the Engine’s ICA’s. Exposure time is established by analysis and approved by FAR33 Authorities.		5.1: yes, All MMEL disptaches and latent fault conditions are included in the TLD reliability analysis.
5.2: LOTC rate set less than 10-4 per engine (average risk, includes all dispatch cases plus latency time for all possible latent failures)		no.

		FOEB Process		MMEL policy - Aircraft and system failure analysis reports - Previous MMELs		"Cert people" in P-MMEL preparation		quantitative safety analysis supported by Failure reports		Group discussion of failure (flight test and cert people)		Failure reports		MMEL policy - quantatively non limited items : common sense used to establish rectification intervals		5.1: yes
5.2: Full up 25.1309 requirements		no

		Joint FOEB/JOEB process		JAR MMEL/MEL & FAA PL		The approval of the MMEL is under the JOEB/MMEL Subgroup responsibility. Authorities Certification Panel Specialists are requested to give their inputs as part of the support due to Authorities Operations Panel Specialists.		When it is demonstrated that the consequences of a system failure (MMEL item) are no more than Minor (maybe Major), the next step is to perform a qualitative analysis of the next critical failure in flight.A failure will be labelled as the next critical failure, when its consequences in combination with the specific failure (MMEL item failure), have the most severe effect on aircraft operations. Acceptable level of safety is maintained by the transfer of a function to another piece of equipment (redundancy), or the provision of required data by another piece of equipment (stand-by instruments) or the compliance with adequate limitations and/or procedures (flight crew and/or maintenance procedures). Potential operational and/or additional maintenance impacts (flight crew workload, human factors, etc.) are acceptable,		Part of the overall MMEL development process (using engineering and operational judgement) to ensure item has "acceptable level of safety".		No MMEL specific criteria		Allowable exposure times are the rectification intervals (A, B, C, D), which are determined in accordance with JAR-MMEL/MEL to maintain the acceptable level of safety. For some specific cases quantitative assessments are performed to support the MMEL coordinator in his determination. In this case, they will be guided by the method of specific and average risks evaluation (see below).		5.1: yes  for  items requested by JOEB  
5.2: 1309 average risk complied with - MMEL specific risk of one order of magnitude of 1309 quantitative requirements for Cat/Haz FC - for propulsion system, P=1 associated with worst dispatch case on engine side (P=1 for STD, Lambda*max_exp_time for LTD)		no		Yes, MMEL (JOEB/FOEB) process is commensurate. For some specific cases quantitative assessments are performed to support the MMEL coordinator in his determination. In this case, they will be guided by the method of specific and average risks evaluation		Yes, process  is considered to be clear as defined in MMEL Process Manual. Yes for quantitative assessment done on request by JOEB		No, there is no requirement to have an MMEL, each National Aviation Authority (NAA) has legal findings on approving an MMEL for type-designed A/C. Note: when EASA takes responsability for MMELs (EST, 2009), each manufacturer will be required to have an EASA approved MMEL. This is expected to be part of the Ops TC (OTC) approval.		Yes		N/A
Note: Quantitative assessments done on request by JOEB are 1309 average risk complied with - MMEL specific risk of one order of magnitude of 1309 quantitative requirements for Cat/Haz FC		N/A		Yes, it's documented - JOEB MMEL  Procedures Manual		OEM are required to provide substantiation.
Quantitative assessments done on request by JOEB		Yes		N/A
Note: Specific risk criteria for quantitative assessments (MMEL specific risk of one order of magnitude of 1309 quantitative requirements for Cat/Haz FC) done on request by JOEB could be applied for other particular conditions.

		Joint FOEB/JOEB process complemented by IP-Ox		JAR MMEL/MEL & FAA PL		Own process described in certification document 01-300 to define "acceptable level of safety". Apply also to Falcon FAA MMEL		For Catastrophic & hazardous, P=1 for failed item aim is to comply with full-up 1309 requirements. Exceptions exist. Other Failure Conditions (major & minor) and acceptance of MMEL items is qualitativley reviewed with JOEB/FOEB.		Based on failures operationnaly subsequent to MMEL item		No MMEL specific criteria		Mainly based on good engineering judgement		5.1: yes for Cat/Haz failure conditions - 5.2: Fullup 1309 requirements with few exceptions. Threshold at 10-5 for Major Failure Conditions		no		Set a safety level quite the same at TC - Question may be asked on economical aspects for such a reduced period in relation with percentage of flight under MMEL dispatch		Yes for objectives. May be a concern for Exceptions		No		Yes, but may lead to aditional constraints on system design and associated substantiation demonstration - compared to previous programs		No		Yes, as specific requirement are set to MMEL item		Not a regulation but an internal DA requirement		Yes		Not so sure I correctly understand the question now !		yes

		FOEB, JOEB and TCCA process		FAA Policy Letters		AEG Review of applicant P-MMEL		FOEB/ MMEL FAA & Industry Group		FOEB/MMEL FAA & Industry Working Group		FOEB/MMEL IG/ FAA Policy Letters		FAA PL’s/  MMEL IG		Do not use it. Exceptions exist		no		Experience has shown that it is commensurate but need to be further refined		Process is clear - Requirement also		No		Yes from OEM standpoint		N/A		N/A		yes		Limited to 'Next critical (worst case) failure'

		Special Conditions: Interaction Systems-structure						Dispatch with known failure conditions.  If the airplane is to be dispatched in a known system failure condition that affects structural performance, or affects the reliability of the remaining system to maintain structural performance, then the provisions of this special condition must be met, including the provisions of paragraph (b) for the dispatched condition, and paragraph (c) for subsequent failures.  Expected operational limitations may be taken into account in establishing Pj as the probability of failure occurrence for determining the safety margin in Figure 1.  Flight limitations and expected operational limitations may be taken into account in establishing Qj as the combined probability of being in the dispatched failure condition and the subsequent failure condition for the safety margins in Figures 2 and 3.  These limitations must be such that the probability of being in this combined failure state and then subsequently encountering limit load conditions is extremely improbable.  No reduction in these safety margins is allowed if the subsequent system failure rate is greater than 1E-3 per hour.

		Joint FOEB/JOEB process complemented by IP-O1		JAR MMEL/MEL & FAA PL		In very specific conditions there has been FAA and EASA certification authority involvement but this has generally been because of peculiarities of a system that is being implemented across several OEM platforms and the FOEB/AEG requested a review of processes. 
An MMEL evaluation is included in each system SSA and these evaluations are reviewed by the pertinent DER to ensure adequate justification is provided if a specific MMEL item would result in the fault tree falling below the specified level of availability.		All proposed MMEL items are reviewed in the SSA with a justification provided that assesses the next critical failure. Substantiations for MMEL items are based on: 
- 25.1309 hazard compliance, "OR" 
- Qualitative rationale showing only an order of magnitude reduction and/or multiple and independent redundant functional paths.  
This is documented in tabular format for each proposed MMEL identifying the affected fault trees, the quantitative impact and the mitigation rationale if the full up 25.1309 quantitative requirements are not met.		This is not specific to MMELs but included as in tabular format for every identified fault that would be annunciate on EICAS.  This data goes directly to the crew's Quick Reference Handbook outlying procedures and limitations for a given failure				With the exception of engine (TLD) and fail safe structural items (SSIs) an infinite "P=1" time is initially reviewed. 
If this is not acceptable then there are prescribed intervals that are desired at the beginning of the Program.  These are used as a starting point and depending on compliance then an unique interval will be derived or the system redesigned.		5.1: yes - 
5.2: goal is Full up 25.1309 requirements with exceptions identified and qualitative mitigations are provided		no		The baseline approach satisfies the SRC criteria of Figure 6-1.  For those exceptions the criteria for liminting the units exposure to one order of magnitude will still satisfying the criteria of SRC.  The average risk would still satisfy the 25.1309 criteria.  In addition, single failure risks are satisfied by rule - "no dispatch when one failure away"		Allows interpretation through the exception clause.  However, even when the first criteria is not achieved and the exception clause is implemented you would still stisfy SRC criteria.		Yes		Yes, but may drive weight and impact dispatch criteria for Part 121 operators.		No		Yes, the MMEL item is viewed in the same light as a latent failure with the exposure limited to the TLD criteria.		The Joint FOEB/JOEB process has a lot of history and data supporting it.  The TLD criteria of FADECs do to.  This is an adaptaion of this guidance.		Yes		Yes		Yes, as mentioned this could be treated as a latent condition or even ETOPS by extending the exposure of a given failure.
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(less than 1E-3 each) which should be acceptable depending on the outcome
from the Latent and Active groups.

“Cons” Attributes:

There currently is no design guidance, therefore, it lets the various OEMs and
authorities determine what is appropriate.

The application by the various OEMs to require full compliance to 25.1309
criteria with P=1 is conservative. There currently is no design regulatory
guidance so it lets the various OEMs and Certification Offices to determine
what is appropriate, this provides a disparity across OEMs.

The application by the various OEMs to require full compliance to 25.1309
criteria with P=1 is conservative but may not be consistent with other
conditions such as latent failures.

6.3.3.4.2 One Failure Away
“Pros” Attributes:

For systems the practice makes sense irrespective of the probability of the
next single failure. This is typical because the best failure rates you see
systems exhibit is between 1E-4 and 1E-5.

Prior to dispatch (while on the ground) the discrepancy is known and if
deemed necessary, repair can be made.

“Cons” Attributes:

The specific conditions related to interaction of systems and structure may be
a peculiarity but one that this black and white philosophy does not cover well.
In structural conditions where the next failure may be on the order of 1E-7 it
may make sense to permit a short term dispatch criteria with one failure away
if you know the failure is not random in nature but exhibits wear out or fatigue
characteristics that are very much controlled, and/or the exposure window is
quite limited.

6.3.3.5 Stakeholder Review

Preliminary recommendations that were developed from the above “Pros” and “Cons”
were reviewed by stakeholders. This review generated comments, the disposition of
which is documented in the attached table.

ASAWG_Stakeholder
Review_MMEL
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Sheet1

		Industry Comments		Disposition		Source

		From an engine OEM perspective, MMEL can end with Task 3 since no changes to current policies concerning the development and approval of the MMEL is considered necessary. 

Engine FADEC (Part33) systems establishes short time (MEL) dispatch intervals – for operation with system faults present – based on a fleet average risk assessment  and an upper bound on a single engine’s control system failure rate (10 E-04 events/hr.)

The current time limited dispatch (TLD) and thrust control management accommodation (TCMA) monitoring and analysis appropriately limit specific risk of concern to bounds adequately covered by the average fleet values.		Concur for engine TLD.  No change required to recommendation.		GE

		OEM agrees that no change to the current processes and policies employed by the OEMs and flight standard operations concerning the development and approval of the MMEL is necessary.  Any changes to AC25.1309 should be limited to clarifying the role of safety analyses as additional data that may be requested by the FOEB (JOEB) in making their MMEL assessments.		Concur.  Clarified that change would reside in a recommendation to Flight Standards.		Boeing

		75% of reviewers agreed with the recommendation.		No action required.		Cessna

		No specific design guidance currently exists nor is being proposed by the task group thus leaving the means of compliance up to the various OEMs and authorities determine what is appropriate (as is the current. This status quo approach results in an inconsistent and non-harmonized situation and a potentially unleveled playing field. Authority recommends that specific standards/guidance be established with a focus on the following areas to ensure consistency in certification methodology;

- State specifically that no dispatch configuration should allow the aircraft to be one failure away from a catastrophic failure condition.

- Require that all MMEL candidate configurations be assessed using the principles and guidance of 25.1309, AC 25.1309 Arsenal and/or other applicable requirements, to ensure that associated failure conditions are commensurate with the safety objectives defined therein. The assessment performed can be quantitative, qualitative or a combination of both depending on various factors including failure condition hazard level and design complexity.		Recommendation already provides guidance but disagree with the level of detail identified, this is a Task 4 item.		Transport Canada

		No Comments		No action required		Embraer

		The substantiation of MMEL items shall be based on engineering judgment about systems 
architecture and operational consequences (no changes to current policies concerning the 
development and approval of the MMEL). 
MMEL related changes/additions to AC/AMC25.1309 shall state that quantitative calculation in support 
of specific MMEL items 
has to be initiated by the individual boards - specifically, the JOEB/FOEB, 
has to be an exception,
is provided out of the scope of the traditional system safety assessment needed for certification,
should not prevail over an engineering judgment.		Concur.  Clarified that change would reside in a recommendation to Flight Standards.		Airbus

		No Comments		No action required		FAA

		The existing draft recommendation is contradictory, on one hand it says no changes, on the other hand it proposes guidance in AC25.1309 Arsenal in relation to proposed MMEL development. We feel that guidance is needed in relation to development and approval of MMEL where justifications are based on specific risk calculations. Today's approach where each OEM selects a different method and a different level below 1309, makes a standard and fair approach to each applicant extremely difficult. Such guidance would be best placed in the MMEL regulations with reference as appropriate to 1309, this would ensure that all rules relating to MMEL are centralised and easily available to all those who wish to find them.		Concur.  Clarified that change would reside in a recommendation to Flight Standards.		EASA

		OEM concurs that the quantitative analysis should be an exception but would like to see the FOEB/JOEB identify those systems that they would like an analysis early during the certification phase such that during the design development there is a good understanding of all requirements including operational, limiting the number of unknowns during aircraft introduction.		Concur.  Clarified that change would reside in a recommendation to Flight Standards.		Gulfstream
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The following recommendations account for the comments provided in the above
Table.

6.3.3.6 Recommendation for Task 4

The final evaluation of the current policies and practices implemented by OEMs and
the various regulatory organizations concerning the development and approval of the
MMEL over the past several decades, has consistently demonstrated a high level of
reliability and comprehensiveness in maintaining the necessary safety margins that
both the engineering and operations communities have come to expect and require.
However, if a numerical analysis is used to support a MMEL proposed item some
MMEL policy guidance would be beneficial to ensure consistency in approaches and
methodologies.

During Task 4, it is recommended that a standardized methodology be prepared for
Flight Standards to review and consider in their guidance and policies on MMEL
development. As a minimum, the following attributes should be considered when
developing this MMEL methodology:

¢ When specific risk should be used to support an individual MMEL item proposal.

e Consideration of MMEL dispatches when the next worst case failure could lead to
a hazardous / catastrophic conditions.

¢ Architectural considerations of complex systems.

6.3.4 Flight & Diversion Time Task

6.3.4.1 Introduction

The Flight Time Team reviewed during Task 3 the results of Tasks 1 & 2 to determine
the appropriateness and adequacy of the relevant existing regulations, existing
guidance material, ARAC recommendations, and industry practices for airplane-level
safety analysis. The intent of this review was to determine if a more consistent
approach across systems is necessary.

The flight time task group was guided by questions designed to help team members
assess whether the existing regulations/guidance materiall ARAC recommendations/
industry practices are adequate, appropriate and applicable across systems.

As described above the flight time task team evaluated whether the available
regulations and guidance material were adequate to be applied across systems. This
included an assessment of whether the regulation or guidance was clearly written,
current, practical and verifiable. The regulations, guidance and practices were also
reviewed to evaluate whether it would be appropriate to apply a regulation that may
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have been written for a specific issue, across systems. This included a review of
preamble material that describes why the regulatory material was written.
Applicability of the regulations included an assessment of whether it makes sense to
broadly apply the existing regulations across systems.

The flight time team assessed eight areas of regulation and guidance using the
attached Task 3 table. Ultimately, we used this spreadsheet to look for common
themes across the rows and columns for the eight areas to distill into the fundamental
issues outlined below. We also reviewed the spreadsheets of the other teams to
assure that the fundamental issues identified by the flight time team were not

redundant.
& o
3

ASAWG_Task 3
Table_Flight

Based on this assessment, it was concluded that a more consistent approach is
necessary to avoid undue burden on the applicant and regulatory authorities.
Regulations which have varied approaches to specific risk can lead to confusion and
misapplication of rules across OEMs, Regulatory agencies, and suppliers. A more
consistent approach will also assure that the level to which specific risk is regulated is
warranted.

6.3.4.2 Fundamental Issues

The following three fundamental issues are recommended to be moved forward to
Task 4.

1. The first fundamental issue is that the FHA needs to consider flight length and
flight phase as relevant to the intensifying hazard class severity.

2. The second fundamental issue is to assess risk based on maximum flight time
and maximum diversion time instead of average flight time.

3. The third fundamental issue is to assess risk during actual at-risk time versus
normalizing by flight length (AC 25.1309-1A vs. AC 25.1309 Arsenal Version).

6.3.4.3 Pros and Cons of Fundamental Issues
6.3.4.3.1 Intensifying factors for hazard class severity.

In the current practice for 25.1309, the FHA considers intensifying factors in
assigning hazard classification.

“Pros” Attributes:
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Task 3 - Flight

		Flight Time and Diversion Time

		Regulation or guidance
(What)		Regulation or guidance recommendation background / preamble
(Why)		Industry application / practices
(How)		How												APPROPRIATE (C0RRECT)?												ADEQUATE (COMPLETE)?										APPLICABILITY				Recommendation

								1-Acceptability of next most critical failure on safe operation		2-Crew limitations and procedures		3-Reliability of critical components		4-Allowable exposure times		5-Meet average risk criteria of 1309		6-One failure away from catastrophe		NOTE: ANSWER THIS QUESTION AFTER ALL THE  QUESTIONS UNDER "APPROPRIATE" AND "ADEQUATE" HAVE BEEN ADDRESSED.  Is it commensurate with the potential level of risk given the other criteria that has been defined for this particular condition (e.g. data showing evidence of potential level of risk)?		Is it clear (unique interpretation)?		Is it a current requirement?		Is it practicable, i.e. achievable in itself and achievement verifiable?		Is it redundant with 25.1309 Arsenal Version?		Is it consistent with other rules and guidance related to the particular condition being reviewed?		Is the reason for the regulation/guidance given (why, preamble)?		Are all the relevant Hazardous and Catastrophic failure conditions covered?								Is it possible to be applied across all systems for this particular condition?		Is it possible to be applied across all systems for other particular condition?		Recommendation

		ETOPS Maximum Flight and Diversion Time. New Appendix K25		The airplane-engine combination must comply with the requirements of part 25 considering the maximum flight time and the longest diversion time for which the applicant seeks approval. [K25.1.1]    The preamble states: "The main impact that ETOPS will have on airplane safety
assessments is a potential increased hazard when considering the long range and diversion distances associated with an ETOPS flight. The purpose of conducting the airplane safety
assessments required by §§ 25.901(c) and 25.1309 are to evaluate the airplane for potentially hazardous safety conditions that are not specifically addressed elsewhere in the rule."		Practice prior to new rule: Perform SSA considering average ETOPS mission time and maximum diversion time  for ETOPS group 1 and 2 systems. New rule requires analysis to consider maximum mission time and maximum diversion time for both group 1 and 2 systems.		1. ETOPS requires very limited MMEL items per the flight manual, if ETOPS departs with MMEL items, then acceptability of next critical failure considered in MMEL development.
2. For certification the acceptability of the next critical failure is the same as for non-ETOPS flights.		Limitations associated with maximum diversion time must be included in flight manual (per K25.1.7).		New engine reliability standards for 2-engines and more-than-2-engines airplanes (K25.2, K25.3)		The "allowable" exposure times must consider maximum mission time and maximum diversion time for both group 1 and 2 systems.
Acceptability of time limited system capacities (per K25.1.3.c.)		Must meet 1309 criteria per Appendix K		Must meet 1309 criteria per Appendix K		Will try to address this "commensurate" question relative to the SRC.   Using SR definition from Task#1, ETOPS in and of itself (i.e. without a failure) is not SRC.  However, the current practice is to meet the average criteria of 1309  with max flight time used in the calculation for "ETOPS Group1 Significant Systems".  Although cannot say meeting the criteria using max mission time is not "appropriate and adequate", it is obvious that it is more conservative than using the avg ETOPS mission time. [Since this is the current practice, it makes it at least commensurate and possibly overly conservative (since not every flight is an ETOPS flight)]		Yes except for "consider" means to assign category based on max time, but calculation based on average ETOPs flight.  There are cases (industry practice + EASA rqmt) where SSA probability calculations for "ETOPS Group 1 Significant Systems" are done using maximum ETOPS mission time, and Group 2 calculated with avg ETOPS flight time.   [NOTE: Definition of ETOPS Significant System:  An airplane system, including the propulsion system, the failure or malfunctioning of which could adversely affect the safety of an ETOPS flight, or the continued safe flight and landing of an airplane during an ETOPS diversion.  Each ETOPS significant system is either an ETOPS group 1 significant system or an ETOPS group 2 significant system. ]		Yes		Yes, Yes, it has been applied successfully.		Partially, 25.1309 would guide you to consider maximum flight time in setting hazard classification, but may not guide to use ETOPS average flight length or max mission length in calculation.  Treatments for "Group 1" and "Group 2" Significant Systems are not prescribed in 1309.		The particular condition is an ETOPS mission.  Hazard classification using max time, and the use of avg time in calculation, are consistent with other rules.  Differentiation between GRP1 and GRP2 is not consistently done as it is (or will be) a new practice.		Yes, very extensive preamble		Yes, regulation says to follow 25.1309, so Hazardous and Catastrophic are covered.								Already applies to all "ETOPS significant systems".		Current 25.1309 approach uses max flight length in hazard class assessment, and uses applicable average flight length.  Theoretically, it is possible to always use the max flt time instead of the avg flt time for  calculations on other particular conditions. If that were done, many failure conditions could become SRC as probabilities could exceed the Arsenal avg criteria.		1) First and foremost, develop a general airplane-level philosophy and acceptance criteria for SRC.  Such SRC criteria should be reviewed w/r/t ETOPS considering max flight time. Should team find it necessary to have unique criteria for ETOPS, modify the SRC acceptance criteria for applications to GRP1 and GRP2 systems.  2)The published ETOPS rule K25.1.1 needs not change as it simply follows 1309. [This is a little confusing, but I didn't have time to study the ETOPS guidance again, we might want to simplify into whether or not its adequate and appropriate, and if we feel a more consistent approach is necessary,  per the tasking]

		Flight Cycles 25.1309 (Arsenal)		General application of flight time or flight cycles is based on average flight profile.  
Concern is that exposure to cycle dependent failures increases if flight times in a given fleet are always below the average flight time considered in the FTA.  AC 25.1309 is silent on cycle dependent failures, the only relevent statement is Appendix 3b(2)  "If the failure is only relevant during certain flight phases, the calculation should be based on the probability of failure during the relevant "at risk" time for the "Average Flight"."
Low -cycle fatigue concerns are handled under 25.571.		Cycle to flight hr ratio is based on estimated aircraft life (in cycles and hours) and service history for similar models. The specific risk of higher cycles and average is not currently evaluated.		N/A		No impact on crew procedures due to life cycle considerations.		Currently, regulations are defined in a risk per FH basis - component reliability if cycle dependent is related to FH based on Cycle to FH assumptions.		For wearout life-cycle exposure is determined by analysis of individual components.
The allowable exposure time for latent failures is determined by the CMR process which uses average risk criteria.  
Life-limited parts are controlled by 25.571.		Currently rely on average risk calculation as means of finding acceptability
Average risk is met for the "average" fleet,  concern is that it will not be met for a given fleet with shorter than average cycle times for an SSA with cycle dependent failures.		N/A		Current practice is to use average flight cycle as the baseline.  By definition, avg risk analysis is in itself appropriate and adequate.  The issue to be address is how should SRC resulted from  expected max cycles be treated. [The rational in my mind is the same as it is for hours, some planes will deviate from the average to their benefit (e.g. longer flights=fewer than average cycles), others to their deficit (shorter flights = greater than average # of cycles), except benefit/deficit is switched if working in time vs cycles.]		No, no guidance exists for cycle dependent failures		No - AC 25.1309 is silent on cycle dependent failures		Current practice is based on average flight profile  - though not specifically written, it is fairly well understood.		N/A		Other systems rules don't specifically regulate flight cycles. (Only systems rules are addressed herein.)		No, because there is no guidance		No, guidance does not exist								N/A, no rule only industry practice.		[The rational in my mind is the same as it is for hours, some planes will deviate from the average to their benefit (e.g. longer flights = fewer than average cycles), others to their deficit (shorter flights = greater than average # of cycles), except benefit/deficit is switched if working in time vs cycles.]		Some guidance may be appropriate to prevent design from approaching limit wearout condition due to increased cycles.  Recommend review the newly published rule 33.70 for Engine Life-Limited Parts, and as appropriate adopt the same PRINCIPLES (but not necessarily the same engine-unique techniques).  In essence, the principles in 33.70 are about establish the integrity of the life-limited components by 1)an Engineering plan, 2)a Manufacturing plan, and 3) a Service management plan.  See attached final rule announcement for details.

		25.1309 
Treatment of Flight Time		When developing a new aircraft, the average flight time is usually determined from the customer requirements for the aircraft. This is an assumed value. When modifying an existing aircraft, the actual average flight time, based on in-service data, could be used. [ARP 4761 4.13]		For new aircraft, marketing projections are used to develop predicted routes and frequencies, which are combined to predict average flight times.  (ARP4761)
Flight time is limited by aircraft capabililty, environmental conditions, routes, alternates, and configuration.		N/A		Crews are subject to flight time limitations of FAR part 121.		Currently, component reliability (lamda) assumed to have exponential (constant) failure rate in most cases (in other words failure rates are constant regardless of length of flight).		Currently, the allowable standard is to develop the SSA using average flight times as well as average times for phases, maintenance intervals, etc. (except for ETOPS)		Current acceptable approach is to make average flight length assumptions based on assessment of  routes and frequencies that aircraft is predicted to fly in-service.
Average risk is met for the "average" (entire) fleet,  using averages for flight times, flight phases, and predicted maintenance intervals.		N/A		Current practice is to use average flight time as the baseline.  By definition, avg risk analysis is in itself appropriate and adequate.  The issue to be address is how should SRC resulted from max (or shorter than avg) flight time be treated.		Yes, guidance is clear for the purpose of determining the average flight time.		No - ARP 4761 is called out in AC 25.1309		If the particular condition is a flight time >average, then you could consider the actual flight time (or maximum) in calculation.  It is verifiable.		25.1309 says to use the average flight length for purpose of calculating average risk, specific risk calculation using other than average flight time would not be redundant, but current regulations only require average flight length calculation.		The new ETOPS rules require consideration of max ETOPS flight time and max diversion time.  Advisory materials are being developed for the new ETOPS rules. Numerically, the new rule is consistent with respect to meeting the same average criteria of 1309.		No, reason is not specifically discussed in AC25.1309 or preambles but average risk assessment is the assumed baseline.		Yes, applies to everything that 25.1309 covers.								Yes, a particular condition of flight length > average can be applied across all systems.		Yes, the average treatment is already applied by 25.1309, considering particular condition greater than the average could be applied, but process and criteria need to be developed.		First and foremost, develop the airplane-level philosophy and acceptance criteria for SRC in general.  Such SRC criteria should be reviewed against the use of max flight time when max flight time generates SRC (above the average probability criteria of 1309.)

		Return Landing Capability Generic Issue Paper - Diversion Time		The FAA position is that airplane designs that do not provide for adequate return landing capabilities are unsafe.  Compliance with §§ 25.1301 and 25.1309 require the airplane systems to perform their intended functions during foreseeable abnormal operating conditions.  Since the adoption of the current rule, airplane aerodynamics (in particular, wing design) and propulsion technology have advanced to the state that current large transports are capable of lifting very heavy weights, with attendant high airplane energies when considering an immediate return landing.		For airplanes that use a fuel jettisoning system, the jettison rate should be such as to obviate all of the above issues in a 30 minute flight with 15 minutes of active fuel jettisoning.  If this cannot be accomplished, or for airplanes without fuel jettisoning systems, the applicant must address how the above issues will be resolved by design features or operational procedures.   This is done by performing a  RTL analysis in response to IP to demonstrate landing capability for return landing configuration.		N/A		Procedures that limit the takeoff field length are one means of complying with the return landing capability issue paper.		Component reliabilities may be used in an SSA to show that the probabiity of a catastrophic landing overrun accident following an airplane retuning to land, in conjunction with any system failure, shall not exceed 1E-9.		Use 30 minute flight time with 15 minutes of fuel jettison, other exposure times (maintenance intervals, etc.) typical of NPA assessments.		Yes, criteria is to meet 25.1309 requirements, if they cannot be met than operational procedures can be defined to eliminate hazard.		A return to land analysis should ensure that no single failure, will result in a catastrophic accident for a return landing scenario.		Yes, since it uses 1309 criteria, and allows credit (where applicable) for the probability of failure that intiated the RTL it appears to be commensurate with the level of risk.		Issue paper is clear with regard to jettison capability. It is not clear what the particular condition is, we are assuming particular condition is a undefined need to perform a return to land, heavy.		No, it is a generic issue paper.		Yes, Yes, it has been applied successfully.		Aside from the functional requirement to explicitly provide the jettison capability Yes, this should be considered under normal airplane level analysis in accordance with 25.1309 guidance.		Yes it is consistent wrt meeting the same average criteria of 1309.		Yes, in the issue paper background.		RTL addresses catastrophic failure effect only.								It applies to systems that support landing capability.		N/A.		The requirement to provide Return To Land capability is prinicipally a functional requirement rather than a Specific Risk requirement.  Recommend that first and foremost, develop the airplane-level philosophy and acceptance criteria for SRC in general.  Such SRC criteria should be reviewed against the case of return heavy when such case generates an SRC (above the average criteria of 1309.)

		maximum flight time or maximum diversion time against mean flight time in Functional Hazard Assessments
AC 25.1309 (Arsenal) para 10(c) Considerations When Assessing Failure Condition Effects 
para 10 (c)(2)(ii) "  Regardless of the types of assessment used, the classification of Failure Conditions should always be accomplished with consideration of all relevant factors; e.g., system, crew, performance, operational, external."		As a general rule, the qualitative (FHA) and quantitative (PSSA, SSA) evaluations are made considering a mean flight time. 
However: 
When assessing repercussions and classification of functional scenarios in the FHA, the consideration of mean flight time can lead to under-classify some Failure Conditions when the performance of considered remaining equipment or the induced environmental conditions characteristics are time dependent (e.g. battery charge when batteries are used, pressurised vessel when after a failure, pressure decreases in time, cabin temperature in LROPS condition after loss of cabin temperature control, equipment temperature in case of loss of cooling, etc.).		In these cases, to prevent such an under-classification of Failure Conditions, the maximum flight time or the maximum diversion time shall be considered systematically in the FHA when assessing functional failure scenario repercussions. This could lead to identify additional Failure Conditions, differing from those resulting from the mean flight time consideration by the classification (and the risk time).
For these Failure Conditions where the classification depends on a flight duration longer than the average ones, the calculation of expected probability in PSSA/SSA shall consider the maximum flight time or the maximum diversion time.		N/A		maximum flight time or the maximum diversion time shall be considered systematically in the FHA when assessing functional failure scenario repercussions. It cannot be excluded, and could for example lead to specific procedures.		N/A		N/A		No, if not considered in the FHA.  
Concern is that this approach is not conservaitve for some flights where hazard classification is dependent on flight time.
The calculation of average risk in PSSA/SSA may consider the maximum flight time or the maximum diversion time.		N/A		Since this is a FHA issue it is outside the scope of the tasking and the question above (since it sets the criteria, and does not evaluate the level of risk), however the ASAWG should ensure guidance is clear wrt what conditions should be considered in the FHA.		Yes, further description of operational considerations could be added.		In AC for 25.1309		If the particular condition is a flight time >average, then you could consider the actual flight should be considered in the hazard classification		N/A - it is the arsenal version				No, reason is not specifically discussed in AC or preambles.		Yes, applies to everything that 25.1309 covers.								Yes, The cosideration of factor that insify or aleviate the classification can be applied across all systems.		No, does not apply to other particular conditions but may be applied in conjunction with other particular conditions (e.g. failures.)		Since the issue here is about hazard classification using max flight time, and it is not about probability criteria,  this issue is not the purpose of the tasking.  Recommend consider only the use of max flight time in probability calculation.  Criteria for hazard classification while outside the specific risk scope, is worthy of additional clarification if advisory material is changed.

		shorter than average flight time against mean flight time in Functional Hazard Assessments
AC 25.1309 para 10(c) Considerations When Assessing Failure Condition Effects 
para 10 (c)(2)(ii) "  Regardless of the types of assessment used, the classification of Failure Conditions should always be accomplished with consideration of all relevant factors; e.g., system, crew, performance, operational, external."		As a general rule, the qualiitative (FHA) and quantitative (PSSA, SSA) evaluations are made considering a mean flight time. 
However: 
When assessing repercussions and classification of functional scenarios in the FHA, the consideration of mean flight time can lead to under-classify some Failure Conditions when the performance of considered remaining equipment or the induced environmental conditions characteristics are time dependent		In these cases, to prevent such an under-classification of Failure Conditions, a shorter than average flight  time may be considered systematically in the FHA when assessing functional failure scenario repercussions. This could lead to identify additional Failure Conditions, differing from those resulting from the mean flight time consideration by the classification (and the risk time).
For these Failure Conditions where the classification depends on a flight duration shorter than the average ones, the calculation of expected probability in PSSA/SSA shall consider the shorter flight time.		N/A		shorter than average flight time shall be considered systematically in the FHA when assessing functional failure scenario repercussions. It cannot be excluded, and could for example lead to specific procedures.		N/A		N/A		No, if not considered in the FHA.  Concern is that this approach is not conservaitve for some flights where hazard classification is dependent on flight time.
The calculation of average risk in PSSA/SSA may consider the shorter flight time if the hazard classification is more severe.		N/A		Since this is a FHA issue it is outside the scope of the tasking and the question above (since it sets the criteria, and does not evaluate the level of risk), however the ASAWG should ensure guidance is clear wrt what conditions should be considered in the FHA.		Yes, further description of operational considerations could be added.		In AC for 25.1309		If the particular condition is a flight time >average, then you could consider the actual flight should be considered in the hazard classification		N/A - it is the arsenal version				No, reason is not specifically discussed in AC or preambles.		Yes, applies to everything that 25.1309 covers.								Yes, The cosideration of factor that intensify or aleviate the classification can be applied across all systems.		No, does not apply to other particular conditions.		Similar to the max flight time row,  the issue here is about hazard classification using shorter than average flight time, and it is not about probability criteria,  this issue is not the purpose of the tasking.  Recommend consider only the use of shorter than average flight time in probability calculation.  Criteria for hazard classification needs not be addressed.

		Flight Phase		[25.1309 Arsenal Appendix 3 paragraph b2]  If the failure is only relevant during certain flight phases, the calculation should be based on the probability of failure during the relevant "at risk" time for the "Average Flight". 

[25.1309-1A paragraph 10 (2) b] They [probabilities] are usually expressed in terms of acceptable numerical probability ranges for each flight-hour, based on a flight of mean duration for the airplane type.		[25.1309 Arsenal Appendix 3 paragraph b2]  Average risk analysis will, if the failure is only relevant during certain flight phases, use a calculation based on the probability of failure during the relevant "at risk" time for the "Average Flight", typically normalized to average per flight hour.  

[25.1309-1A paragraph 10 (2) b] However, for a function which is used only during a specific flight operation; e.g., takeoff, landing, etc., the acceptable probability should be based on, and expressed in terms of the flight operation's actual duration.		N/A		Crew cannot avoid a flight phase.		N/A		Applicable flight phase defines the exposure time		Yes, Flight phase is defined in terms of the average risk criteria of 25.-1309-1A and 25.1309 Arsenal.  The only difference is that Arsenal is written in terms of average per flight hour, while 25.1309-1A says that criteria should be met for the flight operations actual duration when a function is used only during a specific operation.		No		[The appropriate guidance exists in the definition of "at risk time" per the ARP, how flight phases are defined is irrelevent as long as at risk time is correct.]		No, the existing 1A and Arsenal AC conflicts, regulators and industry conflict depending upon certification basis, program conservatism, etc.  [The appropriate guidance exists in the definition of "at risk time" per the ARP, how flight phases are defined is irrelevent as long as at risk time is correct.]		Yes		Yes, Yes, both 25.1309-1A and Arsenal approach has been applied successfully.		No, it is part of  25.1309		Yes, except for possible conflict with dividing by average flight length.		Yes, per AC25.1309 and ARP 4761		Yes, applies to everything that 25.1309 covers.								Yes, consideration of flight phase can be applied across all systems.		N/A.		Recommend that first and foremost, develop the airplane-level philosophy and acceptance criteria for SRC in general.  Such SRC criteria should be reviewed against the case of "relevant at risk time" when such case generates an SRC above the average criteria of 1309.

		At-risk  time
“AT RISK” TIME: The period of time during which an item must fail in order to cause the failure effect in question. This is usually associated with the final fault in a fault sequence leading to a specific failure condition. [ARP 4761 2.2]		[ARP 4761 D.11.1.3.2]  Determine the Exposure Times and At Risk Times of the Basic Events: The analyst must determine the Exposure Time or "At Risk" Time associated with each Basic Event in the fault tree. Some of the different types of basic events are listed below.
a. Basic Events associated with loss or malfunction of a function of an item which is used throughout the entire flight
b. Basic Events associated with loss or malfunction of a function of an item used only during particular phases of the flight
c. Basic Events associated with latent failure of an item that performs a function
d. Basic Events associated with loss or malfunction of a protective element (e.g., fault monitors)		Industry practice is per the definition.  "At Risk" time is not used at all in 25.1309-1A, and is used, but not defined in 25.1309 Arsenal, however, probability evaluations have considered relevent exposure times  since probabalistic assessments have been made.		N/A		Crew has procedures to limit some at-risk times when increased risk is known		N/A		The applicable at-risk time defines the exposure time		.

Yes, "At risk" time is defined in terms of the average risk criteria of 25.-1309-1A and 25.1309 Arsenal.  The only difference in the guidance is that Arsenal is written in terms of average per flight hour, while 25.1309-1A says that criteria should be met for the flight operations actual duration when a function is used only during a specific operation.		No		Yes		Yes		Yes		Yes, Yes, it has been applied successfully.		Yes, it is covered in 25.1309		Yes, except for possible conflict with dividing by average flight length.		Yes, per AC25.1309 and ARP 4761		Yes, applies to everything that 25.1309 covers.								Yes, consideration of at-risk time can be applied across all systems.		N/A.		Recommend that first and foremost, develop the airplane-level philosophy and acceptance criteria for SRC in general.  Such SRC criteria should be reviewed against the case of "relevant at risk time" when such case generates an SRC above the average criteria of 1309.
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DEPARTMENT OF TRANSPORTATION

Federal Aviation Administration

14 CFR Part 33

[Docket No.: FAA-2006-23732; Amendment
No. 33-22]

RIN 2120-Al72

Airworthiness Standards; Aircraft
Engine Standards for Engine Life-
Limited Parts

AGENCY: Federal Aviation
Administration (FAA), DOT.
ACTION: Final rule.

SUMMARY: The FAA is amending the
certification standards for original and
amended type certificates for aircraft
engines by modifying the standards for
engine life-limited parts. This final rule
establishes new and uniform standards
for the design and testing of life-limited
parts for aircraft engines certificated by
the FAA and the European Aviation
Safety Agency (EASA). This rule retains
the current lifing requirements,
introduces damage tolerance
requirements into the design process,
and strengthens cooperation between
engineering, manufacturing, and service
elements of turbine engine
manufacturers. These new requirements
provide an added margin of safety and
will reduce the number of life-limited
parts failures due to material,
manufacturing, and service induced
anomalies. Additionally, this action
adds new standards for the design of
reciprocating engine turbocharger
rotors.

DATES: This amendment becomes
effective November 5, 2007.

FOR FURTHER INFORMATION CONTACT: Tim
Mouzakis, Engine and Propeller
Directorate Standards Staff, ANE-110,
Engine and Propeller Directorate,
Aircraft Certification Service, FAA, New
England Region, 12 New England
Executive Park, Burlington,
Massachusetts 01803—-5299; telephone
(781) 238—-7114; fax (781) 238-7199,
e-mail:

timoleon.mouzakis@faa.gov.
SUPPLEMENTARY INFORMATION:

Authority for This Rulemaking

The FAA’s authority to issue rules
regarding aviation safety is found in
Title 49 of the United States Code.
Subtitle I, Section 106 describes the
authority of the FAA Administrator.
Subtitle VII, Aviation Programs,
describes in more detail the scope of the
agency’s authority.

This rulemaking is promulgated
under the authority described in

Subtitle VII, Part A, Subpart III, Section
44701, “General Requirements.” Under
that section, the FAA is charged with
prescribing regulations for practices,
methods, and procedures the
Administrator finds necessary for safety
in air commerce, including minimum
safety standards for aircraft engines.
This regulation is within the scope of
that authority because it updates the
existing regulations for aircraft engine
life-limited parts.

Background

Manufacturing-induced anomalies in
engine disks have caused several fatal
airplane accidents, notably in Sioux
City, Iowa, in 1989, and in Pensacola,
Florida, in 1996. The DC-10 crash in
Sioux City was caused by a titanium
material anomaly created during the
material melting process. The MD-88
accident in Pensacola was attributed to
a fatigue crack which initiated from an
abnormal microstructure created during
manufacturing. Most of the uncontained
engine failures have been traced to
material, manufacturing or operations/
maintenance induced anomalies. Recent
examples include:

o Failure of a CF6 engine high
pressure stage 1 turbine disk on a
Boeing 767 airplane during a ground
test at Los Angeles International Airport
in June 2006, that was attributed to a
manufacturing-induced anomaly in a
rim slot; and

o In-flight failure of a CF34 engine fan
disk on a Bombardier CRJ-200 airplane
departing Denver International Airport
on January 25, 2007. The root cause of
this failure is currently under
investigation.

Industry data has shown that
manufacturing-induced anomalies have
caused about 40 percent of recent rotor
cracking and failure events. Data for the
period 1984 to 1989 indicates that
uncontained engine failures due to
material, manufacturing and
maintenance induced anomalies occur
at the rate of 1.2 per 10 million flights
or approximately 3 events per year. Due
to these accidents and the supporting
data, the FAA determined the need to
revise engine certification standards
related to the design of engine parts
whose failure would result in a
hazardous engine condition.

In addition, a group representing the
FAA, the engine industry, and European
aviation authorities has worked since
1989 to revise and harmonize the U.S.
and European engine certification
requirements. This rule, which is based
on this group’s recommendations,
creates common U.S. and European
engine requirements for turbine engine

life-limited parts (called “critical parts”
in European regulations).

Definitions of Terms Used in the Rule

The following definitions are
provided, but are not part of the rule
itself:

e Primary failure: Failure of a part
that is not the result of a prior failure
of another part or system.

e Failure: Separation of a part into
two or more pieces such that the part is
no longer whole or complete.

o Likely to result: Possible outcomes
on an engine or aircraft when a part
fails, regardless of probability of
occurrence.

Safety Recommendation

The following safety
recommendation, issued by National
Transportation Safety Board (NTSB), is
addressed by this rule:

e NTSB Safety Recommendation A—
90-90 was issued as a result of the
United Airlines accident on July 19,
1989, in Sioux City, Iowa, where 111
people died and 172 were injured. The
NTSB recommended that the FAA
amend 14 CFR part 33 “to require that
turbine engines certificated under this
rule are evaluated to identify those
engine components that, if they should
fracture and separate, could pose a
significant threat to the structure or
systems of an airplane; and require that
a damage tolerance evaluation of these
components be performed.”

Regulations Affecting Static Parts

The FAA has regulated static parts for
more than a decade under § 33.19(a),
which requires the engine be designed
and constructed to minimize the
development of an unsafe condition
between overhaul periods. Experience
with several types of static parts has
shown that fatigue failures can result in
hazardous engine effects. For example,
high-pressure casing fatigue failures
have led to high pressure vessel bursts
and fire. Issue papers initiated by the
FAA, based on § 33.19, have resulted in
engine manufacturers classifying a
limited number of static parts as “life-
limited.” Life-limited parts are included
in the Airworthiness Limitations
Section of the Instructions for
Continued Airworthiness.

The new § 33.70 affects only those
static parts whose failure could result in
a hazardous engine effect. Therefore,
only a limited number of static parts
will be classified as “life-limited parts”
and affected by the new rule. Those
static parts formerly regulated under
§ 33.19 are more properly located under
§ 33.70, which is based on whether the
failure of a part could cause a hazardous




mailto:timoleon.mouzakis@faa.gov





Federal Register/Vol. 72, No. 170/ Tuesday, September 4, 2007 /Rules and Regulations

50857

engine effect rather than whether a part
rotates or is static.

Summary of Final Rule

New § 33.70 replaces § 33.14. Section
33.70 introduces the term “‘engine life-
limited parts” to cover rotating
structural parts, as well as major static
structural parts, whose primary failure
is likely to result in a hazardous engine
effect, as listed in § 33.75, and whose
failure mode is either cycle (fatigue) or
time (creep) dependent. This rule
addresses all parts, rotating or static,
that meet the definition of an engine
life-limited part. The rule requires FAA
approval of the procedures used to
establish life limits and address
anomalies.

This rule retains the current life
methodology which limits the useful
rotor life to the minimum number of
flight cycles required to initiate a crack
approximately 0.030 inches in length by
0.015 inches in depth. The rule requires
sufficient analysis and testing to
evaluate the effects of elevated
temperatures and hold times as well as
the interaction with other failure
mechanisms (for example, high cycle
fatigue, creep, and cold-dwell). The
methodology used to establish life limits
for static parts is similar to those used
for rotating parts. For static parts, the
life limit may be based on the crack
initiation life plus a portion of the
residual crack growth life, providing a
safe margin is maintained between part
retirement life and failure.

The rule also requires applicants to
develop coordinated engineering,
manufacturing, and service management
plans for each life-limited part. This
will ensure the attributes of a part that
determine its life are identified and
controlled so that the part will be
consistently manufactured and properly
maintained during service operation.

The rule introduces new requirements
for applicants to conduct damage
tolerance assessments to limit the
potential for failure from material,
manufacturing, and service induced
anomalies. Applicants can use a variety
of methods to conduct damage tolerance
assessments. For example, applicants
can use probabilistic risk assessments or
design a part to have a specified crack
growth life. The introduction of damage
tolerance does not allow rotor
components to remain in service with
cracks. Rotor parts must be removed
from service when the parts reach the
end of their useful life as defined by the
minimum number of flight cycles
required to initiate a crack.

This rule removes turbocharger rotor
life requirements from § 33.14 and
places them in a new § 33.34.

Summary of Comments

The FAA published a Notice of
Proposed Rulemaking (NPRM) entitled
Airworthiness Standards: Aircraft
Engine Standards for Engine Life-
Limited Parts on February 2, 2006 (71
FR 5770). Nine commenters responded
to the NPRM request for comments. The
commenters included three turbine
engine manufacturers; two domestic
airplane operators, who submitted
through their representative association;
two foreign regulatory authorities; a
domestic parts manufacturer; and an
individual. The turbine engine
manufacturers fully support the rule
while proposing minor changes. Other
commenters, including two airline
operators and a parts manufacturer,
believe that inclusion of structural static
parts as life-limited parts in the rule
would substantially increase their costs
and affect the potential of small
businesses to repair life-limited parts.

Static Parts

Those static parts that meet the
definition of “life-limited,” as
established by § 33.70, require FAA
approval of the procedures used to
establish life limits and address
anomalies related to those parts.

Two airline operators and a parts
manufacturer stated that the rule should
not impose life limits on static parts.
American Airlines stated that the FAA
is introducing a new requirement that
“all structural parts, both rotating and
static are to be addressed as Engine Life-
Limited Parts.” American noted that
based on Continued Airworthiness
Assessment Methodologies (CAAM)
data from 1992 to 2000 ““the probability
of occurrence of case ruptures is very
small” and ““there does not seem to be
a good reason to consider static cases or
other static parts as life-limited, and
they should not be.” Similarly, United
Airlines “‘does not see imposing life
limits on this static hardware as
enhancing safety.” Chromalloy Gas
Turbine Corporation found ““that the
FAA has not identified sufficient, nor
appropriate substantiating cause to
make such a bold change as to include
static structures (high pressure turbine
casings) under the term life-limited
parts.”

The FAA believes it is essential to
include a limited number of structural
static parts in the rules as service
experience has demonstrated that
failure of these parts may result in
hazardous consequences to an aircraft.
We also find that inclusion of certain
static parts under § 33.70 does not
impose a new requirement for turbine
engine manufacturers who currently

meet the requirements of § 33.19,
Durability, and EASA certification
requirements. We find that turbine
engine manufacturers, based on § 33.19
and issue papers, have classified a
limited number of static parts as “life-
limited” for at least the last decade.
Examples of engines with static parts
classified as “life-limited”” include: The
CF34 (GE) family of engines, installed
on Bombardier and Embraer regional
jets; GE90 Growth family of engines,
installed on the Boeing 777; Engine
Alliance’s (General Electric and Pratt &
Whitney) GP7200 engine, installed on
the Airbus A—-380; and GEnx engine, to
be installed on the Boeing 787.

All engine manufacturers who desire
certification in Europe must also meet
EASA engine certification requirements.
Under EASA requirements, CS—E 515,
Engine Critical Parts, turbine engine
manufacturers already classify a limited
number of static parts as “‘life-limited”
and include these parts in the
Airworthiness Limitations Section of
the Instructions for Continued
Airworthiness. Imposing two different
standards for engine certification on
U.S. engine manufacturers increases the
costs of developing and certifying
aircraft turbine engines with no
associated safety benefits.

We note that CAAM data covers the
period from 1982 to 1996. Based on this
data, rupture of engine cases was the
10th leading cause of level 3 or 4 events
(significant damage or total loss to
aircraft, or minor injuries or loss of life).

Definition of “Likely to Result”

Section 33.70 establishes that “Engine
life-limited parts are rotor and major
static structural parts whose primary
failure is likely to result in a hazardous
engine effect.” The term “likely to
result” in this rule refers to possible
consequences that may occur from an
engine part failure.

American Airlines took issue with the
definition and use of the term “likely to
result.” American commented that
“likely to result” is “not clearly
defined” and “does not agree with the
SAE (Society of Automotive Engineers)
interpretation for CAAM analysis.”
American also believes that the
definition goes beyond the current
§ 33.14 and forces consideration of all
failures no matter how remote the
possibility of occurrence.

We have clarified that “likely to
result” refers to possible consequences
to an engine or aircraft that may occur
from an engine part failure. The
consequence of failure determines if a
part is considered a life-limited part.

The commenter’s reference to an SAE
interpretation of “likely to result,” used
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during CAAM analysis, deals with
failures that have already occurred in
service. The SAE interpretation is
appropriate for analysis of failures that
already occurred, but is not appropriate
for a certification rule that applies to an
engine manufacturer during the design
and certification process. The definition
of “likely to result” does not apply or
alter the corresponding definition used
by CAAM techniques.

The definition is consistent with
current § 33.14 that states a life limit
must be established for each rotor part,
“the failure of which could produce a
hazard to the aircraft.” It is absolutely
essential to safety that the consequences
of failure are anticipated to ensure
appropriate engine parts are designated
as life-limited parts. Once a part is
designated as life-limited, a vast array of
quality standards is applied to the part
to prevent the unsafe consequences.

Costs of Rule

American Airlines expressed concern
that the rule would result in
“unjustifiable additional costs.” United
Airlines stated that the rule will
“significantly drive up operator’s costs.
United claimed that ““the slightest
defect, insignificant or otherwise, will
result in a part being held-up in its
repair cycle, while FAA Approved Data
is sought. * * * To compensate,
operators will be forced to increase
inventory levels of this expensive
hardware.”

The rule may result in a small
increase in the number of static parts
classified as “life-limited”” beyond those
few major structural static parts
currently classified as life-limited under
existing regulations. In addition, static
parts are usually designed to have a life
consistent with the life of the engine.
Unlike rotor parts, static parts are
repaired and their life is extended,
provided their life limits are re-

9

established using approved methods.
The classification of static parts as life-
limited requires engine manufacturers
to design these parts to a higher
standard including validation of life.
The design of these parts to a higher
standard, as well as the need to meet
higher quality control manufacturing
standards, has the potential to reduce
the number of required repairs.

Effects on Small Businesses

Chromalloy Gas Turbine Corporation
commented that “With regard to static
structural parts, there are many small
entities that perform the maintenance
tasks on these parts in direct
competition with Original Engine
Manufacturers.” Chromalloy further
claimed that “The proposed rule change
will severely affect the ability of these
many entities to develop and perform
repairs for the static structural parts
independent of the Original Engine
Manufacturers.”

We do not agree that the rule prevents
any entities from performing
maintenance on life-limited parts
(“static” or ‘rotating’’). Any entity,
however, that repairs critical aircraft
engine parts must possess the necessary
inspection, design, analysis, and
engineering skills to evaluate whether a
repair is done properly. The safety of
the part depends on the applicant
possessing these skills.

Service Management Plan

Rolls-Royce Corporation noted that
the rule requires a Service Management
Plan that defines in-service processes
for maintenance and repair, and that
these processes become part of the
Instructions for Continued
Airworthiness (ICA). Rolls-Royce
commented that the “rule could be
interpreted to require that all engine
life-limited repair processes be defined
by the Design Approval Holder (DAH)

and subsequently ‘made available’
under the normal ICA requirements.
* x %7

We revised the rule to require an
applicant to specify the “limitations”
associated with a part’s repair instead of
actually defining the repair process.

Parts Manufacturer Approval
Standards

Transport Canada commented that
life-limited parts are not acceptable
candidates for Parts Manufacturer
Approval (PMA) and FAA should
reconsider PMA standards.

PMA standards are beyond the scope
of this rule. Therefore, we did not make
any changes in response to this
comment.

Paperwork Reduction Act

As required by the Paperwork
Reduction Act of 1995 (44 U.S.C.
3507(d)), the FAA submitted a copy of
the amended information collection
requirements(s) in this final rule to the
Office of Management and Budget
(OMB) for its review. OMB approved the
collection of this information and
assigned OMB Control Number 2120-
0665.

An agency may not collect or sponsor
the collection of information, nor may it
impose an information collection
requirement unless it displays a
currently valid OMB control number.

This final rule consists of regulatory
changes that will affect operators and
individuals performing repairs. Some of
those changes will require additional
information collection. Comments
received about these requirements and
the FAA’s responses are discussed
earlier in this document, under the
Comments section. The new
information requirements and the
persons who would be required to
provide that information are described
below.

SUMMARY
Affected entity Annual hours Annual cost
(0] 01T = o] £ PSPPSR 995 $ 49,750
MaNTENANCE PIOVIAEIS .......eiiiiiiiii ettt e et e e e e e e et eeeeeeeeabaaeeeeeseaaaasaeeeeeeesaasssseeeeeseaassssneeeesseansnrsnnees 498 37,350

Required Information, Use, and
Respondents

Additional recordkeeping will occur,
because operators will be required to
track the life of the part.

Additional engineering analysis will
be performed anytime an affected part is
repaired.

One-thousand nine-hundred and
ninety (1,990) is the average number of

affected aircraft and the corresponding
estimated number of engine removals is
498 (1,990 x 25%).

Annual Burden Estimate

Recordkeeping

The recordkeeping cost estimate
includes estimates of shop and records
personnel time for tracking the part
when an engine is removed. The total

estimated recordkeeping time
requirement is 2 hours per additional
part per engine removal.

We calculate the annual
recordkeeping hours by multiplying the
additional number of parts (1), by the
number of hours per part (2). That
product is then multiplied by the
annual number of engine removals
(498), to arrive at the annual hour
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estimate of 995. When combined with
the burdened labor rate of $50 per hour,
the estimated annual cost is $49,750.
Engineering

Additional engineering analysis will
be required because operators and
maintenance providers handle repairs
differently on life-limited parts because
of the critical nature of the part. More
detailed analysis is performed, in
addition to life methodology checks,
when a life-limited part is repaired.

We calculated the annual engineering
hours of 498 by multiplying the
additional number of hours per part (10)
by the annual number of engine
removals (498) and then by the 10%
repair factor. When combined with the
burdened labor rate of $75 per hour, the
estimated annual cost is $37,350.

International Compatibility

In keeping with U.S. obligations
under the Convention on International
Civil Aviation, it is FAA policy to
comply with International Civil
Aviation Organization (ICAO) Standards
and Recommended Practices to the
maximum extent practicable. The FAA
has reviewed the corresponding ICAO
Standards and Recommended Practices
and has identified no differences with
these regulations.

Economic Assessment, Regulatory
Flexibility Determination, Trade Impact
Assessment, and Unfunded Mandates
Assessment

Changes to Federal regulations must
undergo several economic analyses.
First, Executive Order 12866 directs that
each Federal agency shall propose or
adopt a regulation only upon a reasoned
determination that the benefits of the
intended regulation justify its costs.
Second, the Regulatory Flexibility Act
of 1980 (Pub. L. 96—354) requires
agencies to analyze the economic
impact of regulatory changes on small
entities. Third, the Trade Agreements
Act (Pub. L. 96—39) prohibits agencies
from setting standards that create
unnecessary obstacles to the foreign
commerce of the United States. In
developing U.S. standards, this Trade
Act requires agencies to consider
international standards and, where
appropriate, that they be the basis of
U.S. standards. Fourth, the Unfunded
Mandates Reform Act of 1995 (Pub. L.
104—4) requires agencies to prepare a
written assessment of the costs, benefits,
and other effects of proposed or final
rules that include a Federal mandate
likely to result in the expenditure by
State, local, or tribal governments, in the
aggregate, or by the private sector, of
$100 million or more annually (adjusted

for inflation with base year of 1995).
This portion of the preamble
summarizes the FAA’s analysis of the
economic impacts of this final rule.
Readers seeking greater detail may read
the full regulatory evaluation, a copy of
which we have placed in the docket for
this rulemaking.

In conducting these analyses, FAA
has determined that this final rule: (1)
Has benefits that justify its costs, (2) is
not an economically “‘significant
regulatory action” as defined in section
3(f) of Executive Order 12866, (3) is not
“significant” as defined in DOT’s
Regulatory Policies and Procedures; (4)
will not have a significant economic
impact on a substantial number of small
entities; (5) will not create unnecessary
obstacles to the foreign commerce of the
United States; and (6) will not impose
an unfunded mandate on state, local, or
tribal governments, or on the private
sector by exceeding the threshold
identified above. These analyses are
summarized below.

Benefit-Cost Summary

There will be an overall benefit to
manufacturers as a result of having
common certification processes in the
United States and in Europe. In addition
to these benefits, the requirements
contained in this final rule will provide
an added margin of safety by reducing
the number of failures in life-limited
parts due to material, manufacturing
and service induced anomalies. The
FAA believes it is essential to include
a limited number of structural static
parts in the rules as service experience
has demonstrated that failure of these
parts can result in hazardous
consequences to an aircraft. This final
rule will prevent a portion of
uncontained engine failures. If only one
event is averted over the period of
analysis, the benefits will be $11.6
million ($3.5 million present value).

The FAA estimates the total costs
from implementing this final rule are
roughly $3.6 million ($1.0 million
present value). These costs are
comprised of engineering and
recordkeeping costs.

The estimated benefits of at least
$11.6 million ($3.5 million present
value) are greater than the estimated
cost of $3.6 million ($1.0 million
present value). Accordingly, the final
rule is cost-beneficial.

Who Is Potentially Affected by This
Rulemaking

Part 33 Engine Manufacturers
Operators of future part 33 engines
Entities performing maintenance and
repairs

Assumptions and Sources of
Information

Period of analysis—2008 through 2050
Discount rate—7%

Final Regulatory Flexibility
Determination

The Regulatory Flexibility Act of 1980
(Pub. L. 96—-354) (RFA) establishes ‘“‘as a
principle of regulatory issuance that
agencies shall endeavor, consistent with
the objectives of the rule and of
applicable statutes, to fit regulatory and
informational requirements to the scale
of the businesses, organizations, and
governmental jurisdictions subject to
regulation. To achieve this principle,
agencies are required to solicit and
consider flexible regulatory proposals
and to explain the rationale for their
actions to assure that such proposals are
given serious consideration.” The RFA
covers a wide-range of small entities,
including small businesses, not-for-
profit organizations, and small
governmental jurisdictions.

Agencies must perform a review to
determine whether a rule will have a
significant economic impact on a
substantial number of small entities. If
the agency determines that it will, the
agency must prepare a regulatory
flexibility analysis as described in the
RFA.

The purpose of this analysis is to
provide the reasoning underlying the
FAA determination. The FAA has
determined that:

e There will not be a significant
impact on a substantial number of part
33 manufacturers.

e There will not be a significant
impact on a substantial number of small
entities that perform maintenance or
repairs on affected parts.

e There will not be a significant
impact on a substantial number of small
operators.

Part 33 manufacturers will receive the
certification harmonization savings that
will arise as a result of this final rule.
There will not be a significant impact on
a substantial number of small entities
performing maintenance or repairs on
affected parts because their expected
revenue will be greater than the
expected cost. There will not be a
significant impact on a substantial
number of small airline operators
because the ratio of compliance cost to
revenue was below 0.03 (three
hundredths) of one percent for 49 small
entities where data was available.

A full discussion of the agency’s
regulatory flexibility analysis can be
found in the final regulatory evaluation,
which has been placed in the docket for
this rulemaking.
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Therefore, as the FAA Administrator,
I certify that this final rule will not have
a significant economic impact on a
substantial number of small entities.

International Trade Impact Assessment

The Trade Agreements Act of 1979
(Pub. L. 96-39) prohibits Federal
agencies from establishing any
standards or engaging in related
activities that create unnecessary
obstacles to the foreign commerce of the
United States. Legitimate domestic
objectives, such as safety, are not
considered unnecessary obstacles. The
statute also requires consideration of
international standards and, where
appropriate, that they be the basis for
U.S. standards.

This final rule considers and
incorporates an international standard
as the basis of a FAA regulation. Thus
this final rule complies with The Trade
Agreements Act of 1979 and does not
create unnecessary obstacles to
international trade.

Unfunded Mandates Assessment

Title II of the Unfunded Mandates
Reform Act of 1995 (Pub. L. 104—4)
requires each Federal agency to prepare
a written statement assessing the effects
of any Federal mandate in a proposed or
final agency rule that may result in an
expenditure of $100 million or more
(adjusted annually for inflation with the
base year 1995) in any one year by State,
local, and tribal governments, in the
aggregate, or by the private sector; such
a mandate is deemed to be a “‘significant
regulatory action.” The FAA currently
uses an inflation-adjusted value of
$128.1 million in lieu of $100 million.

The FAA has assessed the potential
effect of this final rule and determined
that it does not contain such a mandate.
Therefore, the requirements of Title II of
the Unfunded Mandates Reform Act of
1995 do not apply.

Executive Order 13132, Federalism

The FAA has analyzed this final rule
under the principles and criteria of
Executive Order 13132, Federalism. We
determined that this action will not
have a substantial direct effect on the
States, or the relationship between the
national Government and the States, or
on the distribution of power and
responsibilities among the various
levels of government, and therefore does
not have federalism implications.

Environmental Analysis

FAA Order 1050.1E identifies FAA
actions that are categorically excluded
from preparation of an environmental
assessment or environmental impact
statement under the National

Environmental Policy Act in the
absence of extraordinary circumstances.
The FAA has determined this
rulemaking action qualifies for the
categorical exclusion identified in
paragraph 312f and involves no
extraordinary circumstances.

Regulations That Significantly Affect
Energy Supply, Distribution, or Use

The FAA has analyzed this final rule
under Executive Order 13211, Actions
Concerning Regulations that
Significantly Affect Energy Supply,
Distribution, or Use (May 18, 2001). We
have determined that it is not a
“significant energy action” under the
executive order because it is not a
“significant regulatory action”” under
Executive Order 12866, and it is not
likely to have a significant adverse effect
on the supply, distribution, or use of
energy.

Availability of Rulemaking Documents

You can get an electronic copy using
the Internet by:

(1) Searching the Department of
Transportation’s electronic Docket
Management System (DMS) Web page
(http://dms.dot.gov/search);

(2) Visiting the FAA’s Regulations and
Policies Web page at http://
www.faa.gov/regulations_policies/; or

(3) Accessing the Government
Printing Office’s Web page at http://
www.gpoaccess.gov/fr/index.html.

You can also get a copy by sending a
request to the Federal Aviation
Administration, Office of Rulemaking,
ARM-1, 800 Independence Avenue,
SW., Washington, DC 20591, or by
calling (202) 267-9680. Make sure to
identify the amendment number or
docket number of this rulemaking.

You may search the electronic form of
all comments received in any of our
dockets by the name of the individual
submitting the comment (or signing the
comment, if submitted on behalf of an
association, business, labor union, etc.).
You may review DOT’s complete
Privacy Act statement in the Federal
Register published on April 11, 2000
(Volume 65, Number 70; Pages 19477—
78) or you may visit http://dms.dot.gov.

Small Business Regulatory Enforcement
Fairness Act

The Small Business Regulatory
Enforcement Fairness Act (SBREFA) of
1996 requires FAA to comply with
small entity requests for information or
advice about compliance with statutes
and regulations within its jurisdiction. If
you are a small entity and you have a
question regarding this document, you
may contact its local FAA official, or the
person listed under FOR FURTHER

INFORMATION CONTACT. You can find out
more about SBREFA on the Internet at
http://www.faa.gov/
regulations_policies/rulemaking/
sbre_act/.

List of Subjects in 14 CFR Part 33

Air Transportation, Aircraft, Aviation
safety, Safety.

The Amendment

m In consideration of the foregoing, the
Federal Aviation Administration
amends Chapter I of Title 14, Code of
Federal Regulations as follows:

PART 33—AIRWORTHINESS
STANDARDS: AIRCRAFT ENGINES

m 1. The authority citation for part 33
continues to read as follows:

Authority: 49 U.S.C. 106(g), 40113, 44701—
44702, 44704.

§33.14 [Removed]

m 2. Remove § 33.14.
m 3. Add new § 33.34 toread as follows:

§33.34 Turbocharger rotors.

Each turbocharger case must be
designed and constructed to be able to
contain fragments of a compressor or
turbine that fails at the highest speed
that is obtainable with normal speed
control devices inoperative.

m 4. Add new § 33.70 to read as follows:

§33.70 Engine life-limited parts.

By a procedure approved by the FAA,
operating limitations must be
established which specify the maximum
allowable number of flight cycles for
each engine life-limited part. Engine
life-limited parts are rotor and major
static structural parts whose primary
failure is likely to result in a hazardous
engine effect. Typically, engine life-
limited parts include, but are not
limited to disks, spacers, hubs, shafts,
high-pressure casings, and non-
redundant mount components. For the
purposes of this section, a hazardous
engine effect is any of the conditions
listed in § 33.75 of this part. The
applicant will establish the integrity of
each engine life-limited part by:

(a) An engineering plan that contains
the steps required to ensure each engine
life-limited part is withdrawn from
service at an approved life before
hazardous engine effects can occur.
These steps include validated analysis,
test, or service experience which
ensures that the combination of loads,
material properties, environmental
influences and operating conditions,
including the effects of other engine
parts influencing these parameters, are
sufficiently well known and predictable
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so that the operating limitations can be
established and maintained for each
engine life-limited part. Applicants
must perform appropriate damage
tolerance assessments to address the
potential for failure from material,
manufacturing, and service induced
anomalies within the approved life of
the part. Applicants must publish a list
of the life-limited engine parts and the
approved life for each part in the
Airworthiness Limitations Section of

the Instructions for Continued
Airworthiness as required by § 33.4 of
this part.

(b) A manufacturing plan that
identifies the specific manufacturing
constraints necessary to consistently
produce each engine life-limited part
with the attributes required by the
engineering plan.

(c) A service management plan that
defines in-service processes for
maintenance and the limitations to

repair for each engine life-limited part
that will maintain attributes consistent
with those required by the engineering
plan. These processes and limitations
will become part of the Instructions for
Continued Airworthiness.

Issued in Washington, DC, on August 27,
2007.
Marion Blakey,
Administrator.
[FR Doc. E7—-17369 Filed 8-31-07; 8:45 am]
BILLING CODE 4910-13-P
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The hazard classification of a failure condition is complete (and correct) when
both operational and environmental factors are considered along with the
failure(s). The definition of "failure condition" in AC25.1309-1A and Arsenal
clearly includes consideration for these factors. More importantly, service
history clearly shows the need to take these factors into account and the
current practice allows engineering judgment when considering intensifying
factors and hazard classification.

“Cons” Attributes:

The FHA guidance is not clear on how many intensifying factors, of which
flight length may be one, must be considered in combination. With enough
"intensifying factors" combined, FHA hazard classifications could be
unnecessarily raised, resulting in unreasonably high development assurance
levels and increased complexity if added redundancy is required to comply
with unrealistic hazard stack-ups. In addition, the distinction between
hazardous and catastrophic is difficult to achieve, given existing guidance due
to numerous possibilities of intensifying factors.

6.3.4.3.2 Risk based on maximum flight time and maximum diversion time instead of
average flight time.

In the current process for 14 CFR 25 Appendix K the exposure times must consider
maximum mission time and maximum diversion time for both group 1 and 2 systems
and they must meet 25.1309 criteria per Appendix K25.1.1. In addition, in 25.1309,
only average times are considered in numerical analysis.

“Pros” Attributes:

Using the maximum flight time is usually, but not always, conservative for all
cases, so current practice results in most conservative approach.

“Cons” Attributes:

The 25.1309 probability criteria is based on the average flight, using maximum
flight length for all cases which results in unnecessarily conservative designs.
Also, the available guidance is unclear on how “ETOPS significant systems”
should be analyzed.

6.3.4.3.3 Risk during actual at-risk time versus normalizing by flight length (AC
25.1309-1A vs. AC 25.1309 Arsenal Version).

The current process in AC 25.1309-1A 10.b.2 states that for a function which is used
only during a specific flight operation; e.g., takeoff, landing, etc., the acceptable
probability should be based on, and expressed in terms of, the flight operation's
actual duration.

AC 25.1309 Arsenal Appendix 3.b.2 states that if the failure is only relevant during
certain flight phases, the calculation should be based on the probability of failure
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during the relevant "at risk" time for the "Average Flight". The "at risk time"
probability is then normalized by dividing by the average flight time.

“Pros” Attributes:
No pros were identified for having two different sets of guidance.
“Cons” Attributes:

The currently approved EASA and FAA guidance is in conflict with each other
and requires harmonization. If only the Arsenal criteria were used per flight
hour calculations under estimate the risk for those items where the exposure is
concentrated in a segment of the flight, for instance takeoff and landing (where
most accidents occur). If only the AC25.1309-1A criteria were used, by
requiring short flight phase exposure times to have to meet the same criteria, it
unfairly penalizes systems critical during short phases and is more
conservative than average risk criteria based on per flight hour. It could also
result in increased complexity if added redundancy is required.

6.3.4.4 Stakeholder Review

6.3.4.4.1 Intensifying factors for hazard class severity.

During stakeholder review, there were several comments on each fundamental issue.
A comment was made that extreme care should be taken in any clarifying language
not to change the definition of the hazard classifications. This was noted in the Task
4 issues to consider for this item. Other comments to this fundamental issue were
discussed and dispositioned without change to the recommendation.

6.3.4.4.2 Risk based on maximum flight time and maximum diversion time instead of
average flight time.

During stakeholder review, there were three comments on this fundamental issue.
One comment was that the working group should consider the definitions as per draft
AC25.1535-1X (i.e. max. flight time, max ETOPS mission time, average ETOPS
mission time, max diversion time) and using them consistently in the
recommendation. This comment was incorporated into the recommendation. The
other comments were to remember to consider impact on various operational rules in
Task 4. This was incorporated into the recommendation as well. The other comment
to this fundamental issue was discussed and dispositioned without change to the
recommendation.

6.3.4.4.3 Risk during actual at-risk time versus normalizing by flight length (AC
25.1309-1A vs. AC 25.1309 Arsenal Version)

During stakeholder review, there were two comments on this fundamental issue. The
comments lead to a clarification of the original recommendation to delineate that the
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AC 25.1309 Arsenal Version remained acceptable for average risk calculation, and
Task 4 will only look at those conditions where specific risk criteria need to be
developed. The recommendation was revised to reflect this change.

ASAWG_Stakeholder
Review_Flight

6.3.4.5 Recommendation for Task 4

6.3.4.5.1 Intensifying factors for hazard class severity

The recommendation to resolve this first fundamental issue is to add text to AC
25.1309 Arsenal Version to clearly lead to the conclusion that FHA needs to consider
intensifying factors expected in the approved envelope, including flight length, flight
phase, and diversion time. The AC should provide qualitative guidance on when
combinations of intensifying factors should be considered, and when combinations of
factors can be considered to not be reasonable (e.g. icing+130 deg ambient temp). In
addition, additional guidance should be added to clarify distinction between
hazardous and catastrophic failure conditions without changing the hazard
classification definitions.

6.3.4.5.2 Risk based on maximum flight time and maximum diversion time instead of
average flight time

The recommendation for the second fundamental issue is that the maximum mission
time and maximum diversion time should be used for hazard classification in
functional hazard assessments. System capability, capacity and performance should
be sized for maximum mission time and maximum diversion time as appropriate.
Numerical analysis should use average flight time for the fleet under consideration.
For ETOPS specific risk, this means Group 1 and 2 systems both use the average
ETOPS mission time in their probability calculations. Diversion times should use the
maximum diversion time of all flights in the probability calculations. Both ETOPS and
non-ETOPS calculations should meet current 25.1309 criteria.

Various operational rules will be considered in development of the final
recommendation in Task 4. Recommendation will be coordinated for consistency with
ETOPS EASA NPA and Draft FAA AC (this clarifies the MOC, no rule changes
proposed).

6.3.4.5.3 Risk during actual at-risk time versus normalizing by flight length (AC
25.1309-1A vs. AC 25.1309 Arsenal Version)

The recommendation to resolve the third fundamental issue is to use AC 25.1309
Arsenal Version paragraph 11.e(1) for average risk. For specific risk, determine if AC
25.1309-1A criteria should be used or other criteria developed for latent and active
failures.
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Sheet1

		Fundamental Issue		Draft Recommendation		Industry Comments		Disposition

		FHA needs to consider flight length and flight phase as intensifying factors when determining a hazard classification.		Add text to 25.1309 Arsenal AC to clearly lead to the conclusion that FHA needs to consider intensifying factors expected in the approved envelope, including flight length, flight phase, and diversion time. AC should provide qualitative guidance on when combinations of intensifying factors should be considered, and when combinations of factors can be considered to not be reasonable (e.g. icing+130 deg ambient temp). 

Add guidance text to clarify distinction between hazardous and catastrophic failure conditions. (no change to hazard classification definitions)		Boeing accepts the draft recommendation and reiterates that extreme care should be taken in any clarifying language not to change the definition of the hazard classifications.		This was noted in the task 4 issues to consider for this item.

						Written comments that this is already covered by SAE ARP4761 and should be out of scope for this tasking.

 75% agreed with the PROS on slide 52 
 75% agreed with the PROS on slide 53
 83% agreed with the recommendation listed on slide 54		Comments against this fundamental issue were discussed and dispositioned without change to the recommendation.

						If diversion time is going to become something important for the certification of all airplanes now and not just ETOPS, we need some guidance on how to determine diversion time.
For Part 121 type airplanes, it is easy because by regulation it is either 60 minutes or the ETOPS limit.  Business jets (or even regional airplanes in private operation) do not have similar limits so how do I determine the diversion times?  For small jets, 60 minutes is probably OK (based on their limited range) but how do you justify that, and the larger jets are even more difficult. They can operate in Part 135 up to 180 minutes without ETOPS approval, and the private operators have no limit at all.      
The good news is that this is an issue only for FHA and it is probably pretty easy to show that the hazard level is not affected by diversion time for most failures, especially if the airplane is too small to have diversions more than 120 minutes or so, but we want to avoid a requirement to do some type of route analysis that would require us to try to find the most critical diversion route for a type operation that flies random routes worldwide.
Another concern would be for an airplane operated in Part 91 (no diversion time limits) that has the range sufficient for a five hour diversion.  Do you need to consider an extreme case like this? These are pretty extreme examples that may never happen in real life, but they do show the issue when you certify a noncommercial airplane.		Comment added to task 3 recommendation to consider various operating rules (note: this comment ws made here but is really associated with next fundamental issue)

						It says here, there is need to consider some particular conditions as relevant for intensifying hazard class severity, including flight length, flight phase, and diversion time. E then an example of flight condition (see definition below) is provided (e.g. icing+130 deg ambient temp). 
"Flight Condition – This include most of the environmental conditions such as flight over water or high terrain, high altitude operations, operating into high cross winds or extreme cold environments, etc…“ 
There is a need for clarifying if any additional recommendation will be provided addressing “flight conditions” as relevant as intensifying factor to be considered for hazard classification determination. Otherwise it should be clearly stated as non SRC with justification in order to avoid further discussions with ACOs.		Comments against this fundamental issue were discussed and dispositioned without change to the recommendation.

						No Comments		No action required

		Assess risk based on max flight time and max diversion time instead of average flight time.		Baseline assumption is max flight time/diversion time is used for hazard classification. System capability, capacity and performance is sized for maximum mission and maximum diversion as appropriate.		The working group should consider the definitions as per draft AC25.1535-1X (i.e. max. flight time, 
max ETOPS mission time, average ETOPS mission time, max diversion time) and using them consistently in the recommendation.		This comment was incorporated into the Task 3 recommendation.

				Use average flight time in numerical analysis for the fleet under consideration. For specific risk of ETOPS, this means Group 1 and 2 systems both use the average ETOPS mission length in their probability calculations. Diversion times should use the maximum diversion time of all flights in the probability calculations. Meet current 25.1309 criteria.

						No Comments		No action required

						The use of average flight time for both Group 1 and Group 2 systems is supported by Boeing and specifically by the Boeing ETOPS team.  This levels the field with respect to FAA and EASA expectations and should be pursued in coordination with ongoing ETOPS Advisory Circular revisions.		No action required

						• 75% agreed with the PROS on slide 55 
• 79% agreed with the CONS on slide 56 
• 75% agreed with the recommendation listed on slide 57		No action required

		Assess risk during actual at-risk time vs normalizing by flight length (1A vs Arsenal).		Revise Arsenal AC per 25.1309-1A 10.b.2,  clarify the appropriate conditions when the probability should be expressed in risk per flight or risk per hour or apply residual probability criteria developed to address latent/active failures.		Boeing believes there was general agreement among Industry and Regulatory organizations that resulted in the Arsenal version that recommended normalizing the top event probability by dividing by flight length. Boeing believes there may be sufficient rationale to re-look at this decision, particularly where the exposure is concentrated in a very brief segment of the flight.  Any change recommendations should not affect use of normalization for at risk times > 1 hour.		The Task 3 recommendation was revised to reflect this change.

						•Define residual risk and explain how that is different from residual probability 
• 79% agreed with the PROS on slide 58 (there is a conflict) 
• 79% agreed with the CONS on slide 59 
• 75% agreed with the recommendation listed on slide 60		No action required
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6.4 Task 4

The ASAWG reviewed during Task 4 the results of Tasks 1, 2 & 3 and worked on
change recommendations for existing regulations, existing guidance material, ARAC
recommendations, and industry practices for airplane-level safety analysis. The
change recommendations are mainly focusing on the “fundamental issues” identified
during Task 3.

The ASAWG concluded on change recommendations for the Latent & Active Failure
Task, Aging & Wear Task, the MMEL Task and the Flight & Diversion Time Task.
The change recommendations are related to guidance material and regulations as
appropriate. The following chapters give the results of Task 4. The results of each
task group are covering benefits of the recommendations, applicability of the
recommendations, the recommendations with rationales, alternatives considered (if
any) and dissenting opinions (if any). The final Task 4 change recommendations
were established by taking into account comments from all organizations as received
during Task 4.

6.4.1 Latent Failure Task

In accordance with the ASAWG tasking, the ASAWG assessed the specific risk
aspects of latent failures and developed recommendations.

Previous ARAC harmonization working groups like Flight Controls, Power Plant
Installations, and Systems Design and Analysis, and regulatory agencies, produced
varying recommendations regarding the safety of critical airplane systems. These
recommendations have found their way into the certification of several recent
aircraft through Issue Paper (IPs) and/or Certification Review Items (CRIs). Although,
the subject of latent specific risk analysis was addressed, the recommendations were
not consistent. The changes recommended in this section start from the proposals of
those working groups because many of these recommendations are already being
complied with by the Industry. However, the ASAWG only reviewed the areas related
to specific risk and therefore only those changes are discussed and evaluated for
benefits and cost. The cost / benefits section of this report does not account for the
safety benefits and/or cost that had already been identified by the previous working
groups.

After reviewing the existing regulations and the recommendations from the various
harmonization-working groups, the ASAWG established a change recommendation
for FAR/CS 25.1309(b) and AC/AMC 25.1309, sections 9.b.(6) & 9.c.(6). This change
recommendation shall serve as a mean to ensure a standardized consideration of
latent specific risk across all systems. Consequently other material like regulations,
AC/AMC, ARAC recommendations still considering latent specific risk with different
approaches have to be changed to point to the revised FAR/CS 25.1309(b) and
AC/AMC 25.1309, sections 9.b.(6) & 9.c.(6). Without these changes as well as the
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recognition that any future ARAC tasks to system level working groups should always
point to the revised FAR/CS 25.1309(b) and AC/AMC 25.1309 to ensure the benefits
defined in Section 6.4.1.3 of this report are met.

This document collects the rationale for each proposed regulation change
recommendation to FAR/CS 25.629, FAR/CS 25.671, FAR/CS 25.901, FAR/CS
25.933, FAR/CS 25.981, and FAR/CS 25.1309(b). In addition, the rationale for each
proposed related guidance change recommendation is provided. This rationale is
intended to identify the limits of the rules and the guidance that were developed
under with the intent to prevent misunderstanding and requirements creep in the
future. This preamble also provides a storage facility for describing why a change is
being made, what alternatives were considered and what is the benefit (safety or
otherwise) of each change.

The key benefit Industry saw after several years of review and discussion was
harmonization and consistency across all systems and between various regulation
bodies. Early, in the Task 4 efforts TAEIG identified to the ASAWG that documented
safety benefits would be difficult if not impossible and the focus should be placed on
harmonization and consistency. The benefits identified by the working group of
implementing the proposed changes would be invalidated without the complete
implementation of all the changes in total by both the FAA and EASA. Therefore, it
was a unanimous position from manufacturers that the proposed changes are either
implemented in total or should not be implemented at all. Unlike previous working
groups that were tasked to respond to a specific event or threat that had occurred,
this effort is more of a harmonization across the aircraft and regulatory bodies. The
identification of potential measurable safety benefits would require a forecast of a
potentially hazardous or catastrophic event, therefore no safety benefits were
identified.

The term “... on the order of 1/1000 or less” in FAR/CS 25.1309(b)(4)(ii) was selected
over a qualitative term such as probable, because the historical use of this term in the
current regulations and guidance material are not consistent. In some cases it is
meant to define conditions that are between 1E-3 and 1E-5 while other uses in the
same guidance to define it as conditions between 1.0 and 1E-5. The identification of
a new term that would take on the meaning of “on the order of 1/1000 or less” was
also entertained; however, this was abandoned because of the potential confusion
between “probable” and this new term. A specific number was not used because it
was felt by all and with several examples provided where existing systems, that had
substantial field history and mature production were slightly higher than the 1E-3
criterion. The statement “on the order” would enable the manufactures to present an
argument to the authorities using state-of-the-art, maturity, statistical certainty, etc...,
when the number exceeds the 1E-3 criterion.

The criteria defined under FAR/CS 25.1309(b)(4) is not applicable to single failures in
combination with operational or environmental conditions leading to a catastrophic
effect, because it is already covered by FAR/CS 25.1309(b)(1)(ii) and its associated
guidance addressed in Arsenal Draft of AC/AMC 25.1309 (e.g. section 11(g)).

The limitations to include this criteria to only catastrophic conditions and failure
conditions of two, either of which is latent and the combined probability that exceeds
1E-12/FH was established based on a cost benefit analysis. A thorough review of
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existing system level fault trees identified only those cut-sets associated with two or
less failure conditions being critical. Hazardous conditions were excluded for the
following reasons:
e Single failures are allowed to be Hazardous, so there was no regulatory basis
for adding hazardous criteria for single plus latent condition.
¢ Given the probabilities being considered for catastrophic conditions, any levels
chosen for hazardous would give insignificant, if any, improvement relative to
the amount of work involved.
e Hazardous events will be corrected through in-service processes with
procedures, and guidelines in place to correct them.
o Effort would be diluted on issues that are less significant, instead of focusing
limited resources on the most important issues.
e Existing regulations with specific risk criteria (e.g. FAR/CS 25.671, 25.981,
25.933, etc.) do not deal with hazardous conditions.

Finally, the 1E-12/FH limit criterion was established as a statistical fall out of the
maijor criterion to limit residual risk and the one in a thousand criterion to limit latency.

Initially, active failures were included under the review of specific risk. However,
based on the followings, it was determined that the existing average risk
requirements of FAR/CS 25.1309 and associated guidance already adequately
addressed these issues:

e Active failures by their nature are not hidden and will be responded to by
maintenance prior to the next flight; therefore, no flight will start one failure
away from a catastrophic condition.

e Active-active conditions are adequately covered by average risk assessments
because economics prevent unbalanced systems with one item having a high
failure rate.

In addition, regulations such as FAR/CS 25.783 and FAR/CS 25.1709 that have
specific design criteria related to these active failures were reviewed, but later
excluded from any proposed changes. The Working Group decided that it was
appropriate for specific active failure and latent failure design guidance that were
generated from lessons learned to be retained in the specific system paragraphs and
further reference for compliance to the 25.1309 was not required.

Finally, because these changes provide no measurable safety reduction at the
aircraft yet, include the general system requirements provided in FAR/CS 25.1309
that are applicable across all systems, they should not be applied retroactively and
should only include those certifications that require a new certification basis.

6.4.1.1 Applicability of the Recommended Rules/ACs

These changes will apply to new TC or STC, if required according to change product
rule, and will not be applied retroactively.

53



6.4.1.2 The Recommendations

6.4.1.2.1 Change recommendations for FAR/CS 25.1309(b) and Arsenal Draft of
AC/AMC 25.1309, Sections 9.b.(6) & 9.c.(6).

»Add to FAR/CS 25.1309(b).

“25.1309(b)(4) For each catastrophic failure condition that results from two
failures, either of which is latent for more than one flight, it must be shown that -

(i) Given any single latent failure has occurred, the combined probability due to
any subsequent single failure is remote; and

(i) The probability of occurrence of the latent failure is on the order of 1/1000 or
less.”

> Add to Arsenal Draft of AC/AMC 25.1309, Section 9.b.(6).
Latent Failure Conditions

In addition to the general guidance for significant latent failures elsewhere in this
AC/AMC, the following evaluations are performed where a latent failure
combination (i.e. one or more latent failures) can be present for more than one
flight and leave the airplane one failure away from a catastrophe. Failure
combinations (i.e. one evident and one or more latent failures) smaller than 1E-
12/FH provide design margin inherently greater than that established by the
criteria below and therefore do not need to be considered.

Whenever practical, these latent failures should be avoided. Means of avoidance
include but are not limited to: eliminate the latent failure as discussed in
paragraph 9(c) or add redundancy.

Where these latent failures are not avoided each case should be highlighted to
the authorities as early as possible. For those cases where it is specifically
requested by the authorities, the safety assessment should explain why
avoidance is not practical, and provide supporting rationale for the acceptability.
Rationale should be based on past experience, sound engineering judgment or
other arguments, which led to the decision not to implement other potential means
of avoidance.

When a case is limited to two failures, either of which is latent that cannot
practically be avoided, compliance with FAR/CS 25.1309(b)(4) provides
acceptance criteria. Two criteria are implemented in the rule, limit latency and
residual risk. Limit latency is intended to limit the time of operating with a latent
failure present. This is achieved by requiring the average probability for the latent
failure to be on the order of 1E-3 or less. Residual risk is intended to limit the
average probability per flight hour of the failure condition given the presence of a
single latent failure. This is achieved by defining the residual risk to be remote.
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Residual risk is the sum of single active component(s) that have to be combined
with the single latent failure to result in the Catastrophe.

Appendix A section 6.4.5.4 gives simplified examples explaining how the limit
latency and residual risk analysis might be applied.

» Change to Arsenal Draft of AC/AMC 25.1309, Section 9.c.(6).

The use of periodic maintenance or flight crew checks to detect significant latent
failures when they occur is undesirable and should not be used in lieu of practical

Rationale:

In accordance with the ASAWG tasking, the ASAWG assessed the various
regulations, AC/AMC, ARAC recommendations and industrial practices in order to
determine if and how latent specific risk is addressed in the frame of system safety
processes for different systems. Further consideration were given to whether the
methodologies were adequate, appropriate and applied consistently across systems.
ASAWG came to the result that a consistent approach across systems is not given
and has to be established to assure a standardized approach across systems
needed to properly evaluate system safety at the aircraft level. The FAR/CS 25.1309
is the natural candidate to host the standardized approach for latent specific risk
across all systems having also in mind that the tasking boundaries exclude specific
risk associated with airframe structures and exclude methodologies not covering
airplane certification.

This standardized approach for latent specific risk takes into account the following
aspects in accordance with the ASAWG tasking mission, the established specific risk
definition and the identified fundamental issues around latent specific risk:

e Assure a warranted level of specific risk regulation to avoid over- or under-
regulation.

e Concentrate on the specific risk of concern when the airplane is one failure
away from a catastrophe on a given flight due to latent failures.

e Give special consideration to the avoidance of latent failures, whenever
practical.

e Give special considerations to the avoidance of undue burden on the applicant
and regulatory authorities.

e Do not address latent specific risks, if they lead to a failure condition of
Hazardous, in accordance with existing regulations and recommendations
related to latent specific risk.

¢ Do not address specific risks, if they lead to a failure condition of Major or less
severe criticality, in accordance with the ASAWG tasking boundaries.

95



o Establish a single consistent objective quantitative criteria and methodology to
limit the worst anticipated residual risk for catastrophic failure conditions given
any single latent failure has occurred.

o Establish a single consistent objective quantitative criteria and methodology to
limit the worst anticipated latency for catastrophic failure conditions.

e Establish screening criteria (or filters) to determine which failure conditions will
have additional specific risk criteria applied.

e Prevent the average risk being significantly below the 1E-9/FH criterion (i.e.
unnecessary additional redundancy).

¢ Prevent negative consequences for maintenance.

e Continue to allow qualitative analysis for simple and conventional systems.

When developing the new requirements for FAR/CS 25.1309(b)(4) there was a desire
to keep the acceptance criteria for both limit latency criteria and limit residual risk in
the qualitative terms currently being used by the Industry. This would provide the
continued application of what the definition of “on the order of’ meant when saying
must satisfy the remote or improbable conditions. However, in reviewing the current
AMC 25.1309 or the proposed Arsenal Draft of AC/AMC 25.1309 the term probable
had two meanings. Therefore it was decided to use “... on the order of 1/1000 or
less” in lieu of the term probable.

The decision to limit the specific risk criteria to only two order cut sets was made after
an extensive review by industry was conducted on several certificated aircraft. The
system level fault trees were reviewed for conditions involving latent failure events.
There was a significant difference in the number of cut sets that had to be reviewed
between two and three order cut sets yet the additional work did not identify any
additional concerns. From these reviews, the cut off criteria of 1E-12/FH and only
reviewing two order cut sets was established to limit the amount of analysis required
to show compliance to the new specific risk criteria. The average risk analysis
adequately protects the three or more failure combinations.

Industry was concerned about the proliferation and use of the qualitative statements
in AC/AMC 25.1309 Section 9.b.(6) “Whenever practical, these latent failures should
be avoided. Means of avoidance include but are not limited to: eliminate the latent
failure as discussed in paragraph 9.c or add redundancy” beyond the intent of the
Working Group. Therefore the third paragraph was added to stress that there is
known latent conditions that continue to reside in aircraft systems that have proven
over time to be impractical to design around or eliminate, and thus the quantitative
criteria of 14CFR 25.1309(b)(4) was ultimately the adequate mitigation.

The criteria defined under FAR/CS 25.1309(b)(4) is not applicable to single failures in
combination with operational or environmental conditions leading to a catastrophic
effect because it is already covered by FAR/CS 25.1309(b)(1)(ii) and its associated
guidance addressed in Arsenal Draft of AC/AMC 25.1309 (e.g. section 11(g)).

Finally, it was recognized that the introduction of a new aircraft level requirement for
specific risk may introduce potential confusion on what check interval should drive
the CCMR as discussed in AC/AMC 25.1309 Section 12.c. Because the limit latency
criteria of on the order of 1/1000 or less is in addition to the average risk criteria, the
one that produces the lowest check interval should be used. The Working Group
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thought this was already clear in the AC/AMC because there were no exclusions.
Therefore, no change was made to Section 12.c of the AC/AMC.

6.4.1.2.2 Change recommendations in the area of FAR/CS 25.629, FAR/CS 25.671,

I

FAR/CS 25.901, FAR/CS 25.933 and FAR/CS 25.981

Change AC/AMC 25.629-1A, Section (c)(3)(c):

“Any damage or failure conditions considered under FAR25.571, FAR25.631 and
FAR25.671. The actuation system minimum requirements should also be
continuously met after any comb|nat|on of fallures not shown to be extremely
|mprobable :

Loss of dual electrlc system or dual hydraullc
systems are not normally con5|dered extremely |mprobable %%%e

Rationale:

The advisory circular (AC) guidance requires the applicant when reviewing certain
dual failure combinations to consider adding additional redundancy or reducing
inspection intervals. The new 25.1309 Ilimit latency requirement provides
quantitative guidance for determining whether the inspection interval is
appropriate. This will ensure consistent application. With regard to adding
redundancy for single active plus latent failure combinations equivalent language
has been added to AC 25.1309 “...Whenever practical, these latent failures
should be avoided. Means of avoidance include but are not limited to eliminate
the latent failure as discussed in paragraph 9.c. or add redundancy...”

However, the ASAWG decided not to consider changes to FAR/CS 25.629. The
ASAWG believes that the guidance for validating failure rates and other
assumptions in the AC/AMC 25.1309 is sufficient for ensuring adequate
redundancy in these situations. For example, a 25.1309 analysis would typically
conclude that dual generator or dual hydraulic systems are not extremely
improbable.

Change FAR/CS 25.671(c)(2):

(c) The airplane must be shown by analysis, test, or both, to be capable of
continued safe flight and landing after any of the following failures, including
jamming, in the flight control system and surfaces (including trim, lift, drag, and
feel systems) within the normal flight envelope, without requiring exceptional
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piloting skill or strength. Probable failures must have only minor effects and must
be capable of being readily counteracted by the pilot.

(2) Any combination of failures not shown to be extremely improbable.
Furthermore, the flight controls must comply with FAR25. 1309(b)(4) This
paragraph excludes fallures of the type deflned |n (c)(3) :

Change FAR/CS 25.671(c)(3)(iii):

(c) The airplane must be shown by analysis, test, or both, to be capable of
continued safe flight and landing after any of the following failures, including
jamming, in the flight control system and surfaces (including trim, lift, drag, and
feel systems) within the normal flight envelope, without requiring exceptional
piloting skill or strength. Probable failures must have only minor effects and must
be capable of being readily counteracted by the pilot.

(3)Any failure or event that results in a jam of a flight control surface or pilot
control that is fixed in position due to a physical interference. The jam must be
evaluated as follows:

(i) In the presence of a jam considered under this sub-paragraph, any
combination of failures that are catastrophic shall comply with
FAR25 1309(b)(4) i Hure ; i i

Change Post TAEIG draft AC/AMC 25.671:

If the guidance defined under the AC/AMJ 25.671 post TAEIG draft is adopted
then it is recommended that all references to specific risk be deleted and a pointer
be provided to the proposed revision to AC/AMC 25.1309 (see attached).

C:\Safety\TAEIG WG
Final Report\Latent\A

Rationale:

This regulation is associated with an issue paper and an ARAC FCHWG
recommendation that implement limit latency and/or residual risk methodology.
The ARAC FCHWG recommendation requires that in the presence of any single
failure the sum of all remaining failures meet 1/1000 probability. This is a limit
latency and residual risk requirement. The issue paper requirement requires that
for any single failure in each individual failure sequence (e.g. cut set) that the
remaining failures in that sequence be Remote. The issue paper requirement is a
residual risk only requirement.
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1.
PURPOSE.


a.
This AC/AMJ provides an acceptable means, but not the only means, of showing compliance with the control system requirements of 14 CFR 25.671 (referred to as FAR/JAR 25.671 in this AC/AMJ) of the Federal Aviation Requirements (FAR)/Joint Airworthiness Requirements (JAR).  These means are intended to provide guidance to supplement the engineering and operational judgment that must form the basis of any compliance demonstration.


b.
The means described in this AC/AMJ are neither mandatory nor regulatory in nature and do not constitute a regulation.  These means are issued, in the interest of standardization, for guidance purposes and to outline a method that has been found acceptable in showing compliance with the standards set forth in the rule.  Because this AC/AMJ is not mandatory, terms “shall” and “must” used in this AC/AMJ only apply to those applicants who choose to demonstrate compliance using this particular method.


c.
Other, alternate means of compliance that an applicant may propose should be given due consideration, provided they meet the intent of the regulation.  In the absence of a rational analysis substantiated by data supporting alternative criteria, the criteria listed in this AC/AMJ may be used to show compliance with FAR/JAR 25.671.


2.
CANCELLATION.


The following material is cancelled by this AC/AMJ:


a.
ACJ 25.671(a), Control Systems – General (Interpretive Material)


b.
ACJ 25.671(b), Control Systems – General (Interpretive Material)


c.
ACJ 25.671(c)(1), Control Systems – General (Interpretive Material)


3.
RELATED DOCUMENTS.


The following regulatory and advisory materials are related information:


a.
Regulations.

(1)
FAR/JAR 25.21(e), General - Proof of Compliance.


(2)
FAR/JAR 25.143, Controllability and Maneuverability - General.


(3)
FAR/JAR 25.302, Interaction of Systems and Structures.


(4)
FAR/JAR Part 25 -- Appendix K, Interaction of Systems and Structures.


(5)
FAR/JAR 25.331, Symmetric Maneuvering Conditions.


(6)
FAR/JAR 25.571, Damage-Tolerance and Fatigue Evaluation of Structure.


(7)
FAR/JAR 25.629, Aeroelastic Stability Requirements.


(8)
FAR/JAR 25.671, Control Systems – General.


(9)
FAR/JAR 25.672 (FCHWG Draft), Stability Augmentation and Automatic and Power-Operated Systems.


(10)
FAR/JAR 25.683, Operation Tests.


(11)
FAR/JAR 25.701, Flap and Slat Interconnection.


(12)
FAR/JAR 25.1309 (SDAHWG Draft), Equipment, Systems, and Installations.


(13)
FAR/JAR 25.1322, Warning, Caution, and Advisory Lights.


(14)
FAR/JAR 25.1329, Automatic Pilot Systems.


(15)
FAR/JAR 25.1435, Hydraulic Systems.


(16)
FAR/JAR 25.1581(a)(2), Airplane Flight Manual - General.


(17)
FAR/JAR 25.1583, Operating Limitations.


b.
Advisory Circulars, Advisory Material Joint.

(1)
AC 25-7A, Flight Test Guide for Certification of Transport Category Airplanes.


(2)
AC/AMC 25.1309 (ARSENSAL-1X), System Design and Analysis.


c.
Industry Documents.

(1)
RTCA/DO-178B/EUROCAE ED12B, Software Considerations in Airborne Systems and Equipment Certification.


(2)
SAE ARP 4754, Certification Considerations for Highly Integrated or Complex Aircraft Systems.


(3)
SAE ARP 4761, Guidelines and Methods for Conducting the Safety Assessment Process on Civil Airborne Systems and Equipment.


4.
APPLICABILITY OF 14 CFR 25.671 AND ADVISORY MATERIAL.


14 CFR 25.671 (referred to as FAR/JAR 25.671 in this AC/AMJ) applies to all flight control system installations (including primary, secondary, trim, lift, drag, feel, and stability augmentation systems) regardless of implementation technique (manual, powered, fly-by-wire, or other means).


5.
DEFINITIONS.


The following definitions apply to the requirements of FAR/JAR 25.671 and the guidance material provided in this AC/AMJ.  Unless otherwise stated, they should not be assumed to apply to the same or similar terms used in other regulations or ACs/AMJs.  Terms for which standard dictionary definitions apply are not defined herein.


a.
At Risk Time.  The period of time during which an item must fail in order to cause the failure effect in question.  This is usually associated with the final fault in a fault sequence leading to a specific failure condition.  See also SAE ARP 4761.


b.
Catastrophic Condition.  As used in AC/AMJ 25.1309 (reference 3.b.2).


c.
Continued Safe Flight and Landing.  The capability for continued controlled flight and landing at an airport without requiring exceptional pilot skill or strength.


d.
Dormant Failure.  A dormant failure is defined as one that has already occurred, but has not become evident to the flight crew or maintenance personnel.  (The advisory material to 25.1309 uses the term "latent" in this application.)

e.
Dormancy Period.  The duration between actions necessary to check for the existence of a failure – the action may be a pre-flight flight crew check, periodic maintenance check, or periodic maintenance inspection (including component overhaul).  See also “Exposure Time.”


f.
Error.  An omission or incorrect action by a crewmember or maintenance personnel, or a mistake in requirements, design, or implementation.  See also AC/AMJ 25.1309 and SAE ARP 4761.


g.
Event.  An occurrence that has its origins distinct from the airplane, such as atmospheric conditions (e.g., gusts, temperature variations, icing, and lightning strikes) and runway conditions, but is not intended to cover sabotage.  See also AC/AMJ 25.1309 and SAE ARP 4761.


h.
Exposure Time.  The period of time between when an item was last known to be operating properly and when it will be known to be operating properly again.  See also SAE ARP 4761.


i.
Extremely Improbable.  As used in AC/AMJ 25.1309 (reference 3.b.2).


j.
Extremely Remote.  As used in AC/AMJ 25.1309 (reference 3.b.2).


k.
Failure.  An occurrence that affects the operation of a component, part, or element such that it can no longer function as intended (this includes both loss of function and operation outside specified limits).  Note:  Errors may cause Failures, but are not considered to be Failures.  See also “failure” and “malfunction” in AC/AMJ 25.1309 and SAE ARP 4761.


The following are some of the types of failures to be considered in showing compliance with FAR/JAR 25.671(c).  Since the type of failure and the failure’s effect will depend on system architecture this list is not all-inclusive, but serves as a general guideline.


(1)
Jam.  A failure or event such that a control surface,  pilot control, or component is fixed in one position.


(i)
If the control surface or pilot control is fixed in position due to a physical interference, it is addressed under FAR/JAR 25.671(c)(3).  Causes may include corroded bearings, interference with a foreign or loose object, control system icing, seizure of an actuator, or a disconnect that results in a jam by creating an interference.  Jams of this type must be assumed to occur and should be evaluated at positions up to and including the normally encountered positions defined in Section 9.b. 


(ii)
All other failures that result in a fixed control surface, pilot control, or component are addressed under FAR/JAR 25.671(c)(1), 25.671(c)(2), and 25.671(c)(4), as appropriate. Depending on system architecture and the location of the failure, some jam failures may not always result in a fixed surface or pilot control; for example, a jammed valve could result in a surface runaway.


(2)
Loss of Control of Surface.  A failure such that a surface does not respond to commands.  Failure sources include control cable disconnection, actuator disconnection, or loss of hydraulic power.  In these conditions, the position of the surface(s) or controls can be determined by analyzing the system architecture and airplane aerodynamic characteristics; common positions include surface centered (0) or zero hinge-moment position (surface float).


(3)
Oscillatory Failure.  A failure that results in undue surface oscillation.  Failure sources include control loop destabilization, oscillatory sensor failure, oscillatory computer or actuator electronics failure.  The duration of the oscillation, its frequency, and amplitude depend on the control loop, monitors, limiters, and other system features.


(4)
Restricted Control.  A failure that results in the achievable surface deflection being limited.  Failure sources include foreign object interference or travel limiter malfunctioning.  This failure is considered under FAR/JAR 25.671(c)(1) and 25.671(c)(2), as the system/surface can still be operated.


(5)
Runaway or Hardover.  A failure that results in uncommanded control surface movement.  Failure sources include servo valve jamming, computer or actuator electronics malfunctioning.  The speed of the runaway, the duration of the runaway (permanent or transient) and the resulting surface position (full or partial deflection) depend on the available monitoring, limiters and other system features.  This type of failure is specifically addressed in FAR/JAR 25.671(c)(4).


(6)
Stiff or Binding Controls.  A failure that results in a significant increase in control forces.  Failure sources include failures of artificial feel systems, corroded bearings, jammed pulleys, and failures causing high friction.  This failure is considered under FAR/JAR 25.671(c)(1) and 25.671(c)(2), as the system/surface can still be operated.  In some architectures, the higher friction may result in reduced centering of the controls.


l.
Failure States.  As used in 25.671(c), this term refers to the sum of all failures and failure combinations contributing to a hazard, apart from the single failure being considered, and including the effect of exposure time.


m.
Flight Control System.  Flight control system refers to the following:  primary flight controls from the pilots’ controllers to the primary control surfaces, trim systems from the pilots’ trim input devices to the trim surfaces (incl. stabilizer trim), speedbrake/spoiler (drag devices) systems from the pilots’ control lever to the spoiler panels or other drag/lift-dumping devices, high lift systems from the pilots’ controls to the high lift surfaces, feel systems, and stability augmentation systems.  Supporting systems (i.e., hydraulic systems, electrical power systems, avionics, etc.) should also be included if failures in these systems have an impact on the function of the flight control system.


n.Probable.  As used in AC/AMJ 25.1309 (reference 3.b.2).


o.
Probability vs. Failure Rate.  Failure rate is typically expressed in terms of average probability of occurrence per flight hour.  In cases where the failure condition is associated with a certain flight condition that occurs only once per flight, the failure rate is typically expressed as average probability of occurrence per flight (or per takeoff, or per landing).  Failure rates are usually the "root" numbers used in a fault tree analysis prior to factoring in dormancy periods, exposure time, or at risk time.  Probability is non-dimensional and expresses the likelihood of encountering or being in a failed state.  Probability is obtained by multiplying a failure rate by the appropriate exposure time.


p.
Remote.  As used in AC/AMJ 25.1309 (reference 3.b.2).


q.
Single Failure Considerations.  As used in AC/AMJ 25.1309 (reference 3.b.2).


6.
BACKGROUND.


Two sets of requirements exist for flight control systems:  FAR/JAR 25.671 and FAR/JAR 25.1309.  Both are aimed at ensuring an adequate level of safety.  FAR/JAR 25.1309 has the advantage of being associated with structured assessment methods and guidelines.  While useful as a general guide for analysis and a complement to the requirements of FAR/JAR 25.671, FAR/JAR 25.1309 does not specifically address (1) minimum residual airplane capabilities following single failures, nor (2) the concept of control jams in normally encountered positions.  FAR/JAR 25.671 specifically addresses these two areas.


This advisory material was developed to harmonize FAA and JAA requirements and provide guidance in showing compliance to FAR/JAR 25.671.  This material addresses the existing JAA ACJ guidance as well as the following regulatory areas:


a.
FAR/JAR 25.671(c) prescribes the failure conditions that must be considered in a control system design.  While the failure conditions in FAR/JAR 25.671(c) are similar to those to be considered under FAR/JAR 25.1309, there are differences between the rules that lead to confusion and inconsistent application of FAR/JAR 25.671(c).  In addition, JAR 25.671(c)(1) allows the exclusion of single failures that can be shown to be extremely improbable; FAR 25.671(c)(1) requires all single failures, regardless of failure probability, to be considered.  FAR 25.671(c)(1) and JAR 25.671(c)(1) need to be harmonized.  A uniform means of compliance to FAR/JAR 25.671(c) needs to be developed.  It is expected that considerable elaboration would be made as to how the various mechanical, hydraulic, and electrical failures should be handled.  Consideration should be given to dormant failures and the relationship of the flight control failures with the occurrence of engine failures.


b.
Using the rate of control jams experienced in the transport fleet to date, and in service experience as an indicator of types control system malfunctions that may be safety concerns, the following aspects of 25.671 were also addressed:


(1)
Defined the meaning of the terms "normal flight envelope", "without exceptional piloting skill or strength", "minor effects", and " position normally encountered" as used in § 25.671(c).


(2)
Determined to what extent basic skills and reasonable pilot response and action may be used to alleviate the resulting airplane control problems.  Determined the applicability of crosswind to the landing situation with a jammed flight control.


(3)
Identified acceptable methodology by which judge the controllability/maneuverability of an airplane with a jammed control system (e.g. Handling Qualities Rating System --HQRM).


(4)
Reviewed & responded to NTSB Recommendation A-96-108 & A-99-23.


(5)
Considered comments in AIA-GAMA letter dated January 23, 1997 and the input received at the December 3, 1996, public meeting conducted by the FAA.


(6)
Addressed structural loading conditions following the jammed failure condition required for continued safe flight and landing.


c.
Provided advisory material that addresses all engine failure condition defined in FAR/JAR 25.671(d).


d.
The confusion of two different interpretations and inconsistent application of prior FAR/JAR 25.671(c)(2) was clarified with new wording and advisory material.



One interpretation of prior FAR/JAR 25.671(c)(2) focused on "combination of failures not shown to be extremely improbable" and considered this requirement essentially equivalent with the analysis required by AC/AMJ 25.1309.  The examples in the parenthetical expression of prior FAR/JAR 25.671(c)(2) were viewed as examples only and not the main intent of the rule.  Therefore, all combinations of failures that were not extremely improbable (1x10-9/FH) were considered.


A different interpretation of prior FAR/JAR 25.671(c)(2) focused on the parenthetical expression and considered the failure combinations listed as the kinds of failures not considered to be extremely improbable, regardless numerical probability.  Further, the phrase "any single failure in combination with any probable hydraulic or electrical failure" had been expanded to a more generic form of "any single failure in combination with any probable failure."  Therefore, "single+probable" failures were not considered extremely improbable (regardless of probability) and therefore were to be considered for compliance. It is still recognized that the loss of dual electric system or dual hydraulic systems are not normally considered extremely improbable.

Different ARAC harmonization working groups (Flight Controls, Power Plant Installations, and Systems Design and Analysis) have produced varying recommendations regarding the safety of critical airplane systems.  These different approaches could result in non-standardized system safety assessments across various critical systems.  After reviewing the existing regulations and the recommendations from the various harmonization-working groups, the FAA Transport Airplane Directorate, along with the European, Canadian, and Brazilian civil aviation authorities, identified a need to clarify and standardize safety assessment criteria.  The new standardized criteria is contained in the AC/AMC 25.1309-ARSENAL-1X. 


7.
EVALUATION OF CONTROL SYSTEM OPERATION -- 25.671(a).


a.
Control systems for essential services should be so designed that when a movement to one position has been selected, a different position can be selected without waiting for the completion of the initially selected movement, and the system should arrive at the finally selected position without further attention.  The movements that follow and the time taken by the system to allow the required sequence of selection should not be such as to adversely affect the airworthiness of the airplane.


b.
Compliance should be shown by evaluation of the closed loop flight control system.  This evaluation is intended to ensure that there are no features or unique characteristics (including numerical singularities) which would restrict the pilot’s ability to recover from any attitude.  It is not the intent of this rule or guidance material to limit the use of envelope protection features or other systems that augment the control characteristics of the aircraft.


8.
EVALUATION OF CONTROL SYSTEM ASSEMBLY – 25.671(b).


This rule is intended to ensure the parts applicable to the type design are correctly assembled and is not intended to address parts control (ref. 25.1301(b), 45.14, & 45.15).


a.
For control systems, the design intent should be such that it is impossible to assemble elements of the system so as to prevent its intended function.  Examples of the consequences of incorrect assembly include the following:


(1)
an out-of-phase action, or


(2)
reversal in the sense of the control, or


(3)
interconnection of the controls between two systems where this is not intended, or


(4)
loss of function.


b.
Adequate precaution should be taken in the design process and adequate procedures should be specified in the maintenance manual to prevent the incorrect installation, connection, or adjustment of parts of the flight control system.


9.
EVALUATION OF CONTROL SYSTEM FAILURES – 25.671(c).


The guidance provided in this advisory material for 25.671(c) is not intended to address requirement errors, design errors, software errors, or implementation errors.  These are typically managed through development processes or system architecture, and are adequately addressed by SAE ARP 4754, DO-178B, and AC/AMJ 25.1309.


FAR/JAR 25.671(c) requires that the airplane be shown by analysis, tests, or both, to be capable of continued safe flight and landing following failures in the flight control system and surfaces (including trim, lift, drag, and feel systems) within the normal flight envelope, without requiring exceptional piloting skill or strength.


Subparagraph (c)(1) requires the evaluation of any single failure, excluding the types of jams addressed in subparagraph (c)(3).  Subparagraph (c)(1) requires that any single failure be considered, suggesting that an alternative means of controlling the airplane or an alternative load path be provided in the case of a single failure.  All single failures must be considered, even if they can be shown to be extremely improbable.  The single failure considerations of AC/AMJ 25.1309 apply.


Subparagraph (c)(2) requires the evaluation of any combination of failures, excluding the types of jams addressed in subparagraph (c)(3), not shown to be extremely improbable.  For this application, extremely improbable is defined based on the criteria established in AC/AMJ 25.1309.  In addition, subparagraph (c)(2) states that after any single failure in the flight control system, additional failure states that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000.  A probability of less than 1 in 1000 is not a failure rate but a time based probabilistic parameter intended to provide a required minimum residual airplane capability following a single flight control system failure.


Subparagraph (c)(3) requires the evaluation of any failure or event that results in a jam of a flight control surface or pilot control. This subparagraph is intended to address failure modes that would result in the surface or pilot’s control being fixed at the position commanded at the time of the failure due to some physical interference. The position at the time of the jam should be at any normally encountered control position encountered during takeoff, climb, cruise, normal turns, descent, and landing.  In some architectures, component jams within the system may result in failure modes other than a fixed surface or pilot control; those types of jams are considered under subparagraphs (c)(1), (c)(2), and (c)(4).


In the past, determining a consistent and reasonable definition of normally encountered control positions has been difficult. A review of in-service fleet experience, to date, showed that the overall failure rate for a control surface jam is approximately 10-6 to 10-7 per flight hour.  Considering this in-service data, a reasonable definition of normally encountered positions represents the range of control surface deflections (from neutral to the largest deflection) expected to occur in 1000 random operational flights, without considering other failures, for each of the flight segments identified in the rule. 


One method of establishing acceptable control surface deflections is the performance-based criteria outlined in this AC which were established to eliminate any differences between aircraft types.  The performance-based criteria prescribe environmental and operational maneuver conditions, and the resulting deflections may be considered normally encountered positions for compliance with FAR/JAR 25.671(c)(3).


Alleviation means may be used to show compliance with subparagraph (c)(3).  For this purpose, alleviation means include system reconfigurations, jam prevention design features, or any other features that eliminate or reduce the consequences of a jam or permit continued safe flight and landing.


Subparagraph (c)(3) also states that in the presence of a jam that results in a fixed position of a flight control surface or pilot control, additional failure conditions that could prevent continued safe flight and landing shall have a combined probability of less than 1 in 1000 of existing.  As with subparagraph (c)(2), a probability of less than 1 in 1000 is not a failure rate but a time based probabilistic parameter intend to provide a required minimum residual airplane capability following this type of jam.

Subparagraph (c)(4) requires that any runaway of a flight control to an adverse position be accounted for if such a runaway is due to a single failure or due to a combination of failures not shown to be extremely improbable.  Means to alleviate the runaway may be used to show compliance by reconfiguring the control system, deactivating the system (or a failed portion thereof), overriding the runaway by movement of the flight controls in the normal sense, eliminating the consequences of a runaway in order to ensure continued safe flight and landing following a runaway, or using a means of preventing a runaway.  Without a suitable means to alleviate or prevent the runaway, an adverse position would represent any position for which they are approved to operate.


All approved aircraft gross weights and cg locations should be considered.  However, only critical combinations of gross weight and cg need to be demonstrated.


a.
Compliance with FAR/JAR 25.671(c)(2).  In showing compliance with the multiple failure requirements of FAR/JAR 25.671(c)(2), two different types of the following analysis/assessment are is necessary.


(1)
The first analysis/assessment requires that the airplane be capable of continued safe flight and landing following any combination of failures not shown to be extremely improbable.  To satisfy this initial requirement, a safety analysis according to the techniques of AC/AMJ 25.1309 should be used.


(2)
To comply with the second part of FAR/JAR 25.671(c)(2), the applicant is required to show that in the presence of any single failure in the flight control system (regardless of probability), any additional failure state (subsequent or pre-existing) that could prevent continued safe flight and landing when combined with the single failure must have a probability of less than 1 in 1000 of existing.  This additional requirement ensures that a minimum level of safety exists should the single failure occur.  As such, it establishes a minimum required reliability for systems that provide a backup function to a primary system even though the primary system may have a very low failure probability (e.g., a 10-1 backup system to a 10-8 primary system would not be allowed).

Jams of the type addressed in (c)(3) are excluded from consideration under FAR/JAR 25.671(c)(2).


Given the current state of technology, some failure combinations such as dual electrical system or dual hydraulic system losses  are not generally accepted as being extremely improbable.

The following is a general outline of the steps to perform the additional analysis for FAR/JAR 25.671(c)(2), following the safety analysis per AC/AMJ 25.1309:


(i)
Systematically work through the flight control system and impose a single failure on each single component or element of the flight control system.  The single failure is assumed to have happened, regardless of its calculated failure rate or probability.


(ii)
With each single failure, identify any additional failure state(s) that would preclude continued safe flight and landing.


(iii)
Accounting for dormancy period (check/inspection interval), exposure time, or at risk time, calculate the risk probability of encountering the additional failure state(s) that would preclude continued safe flight and landing.  The risk probability of encountering any of these additional failure states(s) on the same flight as the single failure shall be less than 1 in 1000.


(iv)
Repeat the above steps for each single failure in the flight control system.


Or viewed in another way, in showing compliance with the additional analysis of FAR/JAR 25.671(c)(2), for every numerical analysis that demonstrates a flight control failure condition that prevents continued safe flight and landing is extremely improbable, it shall be possible to substitute a probability of 1.0 at any individual gate or condition that represents a single failure, and the fault tree result due to the remainder of the analysis shall not be greater than 1 in 1000.


Appendix 2 gives simplified examples explaining how the 1 in 1000 analysis might be applied.


b.
Determination of Control System Jam Positions – FAR/JAR 25.671(c)(3).  The flight phases required by FAR/JAR 25.671 can be encompassed by three flight phases:  takeoff, in-flight (climb, cruise, normal turns, descent, and approach), and landing.  Takeoff is considered to be the time period between brake release and 35 ft.  In-flight is considered to be from 35 ft following a takeoff to 50 ft prior to landing including climb, cruise, normal turns, descent, and approach.


25.671(c)(3) requires that the airplane be capable of landing with a flight control jam and that the airplane be evaluated for jams in the landing configuration.  However, for the evaluation of jams which occur just prior to landing, proximity to the ground need not be considered for the transient condition.  Given that some amount of time and altitude is necessary in order to recover from any significant flight control jam, there is no practical means by which such a recovery could be demonstrated all the way to touchdown.  The potential delay in accomplishing a recovery could be on the order of 5 seconds as described in section 9.e.  For a jam at a control deflection corresponding to .8 g, a recovery may not be possible below approximately 200' even with a state of the art control system. While it is recognized that this means that a specific hazard is not addressed(a control jam that occurs, or is recognized, just before landing), this hazard is mitigated for the following reasons.  First, the landing phase represents a limited exposure window in which a jam could occur. Second, successful operation of the controls throughout the flight minimizes the likelihood of a jam suddenly appearing during the landing phase.  Also, some sources of jamming such as icing are not prevalent in the landing phase. Third, a certain level of recovery capability will be ensured through compliance with this AC such that if a jam does occur during landing, the crew will have a reasonable chance of landing safely.


Only the airplane rigid body modes need to be considered when evaluating the aircraft response to maneuvers and continued safe flight to landing.


It is assumed that if the jam is detected prior to V1, the takeoff will be rejected.


Although 1 in 1000 operational takeoffs is expected to include crosswinds up to 25 knots, the short exposure time associated with a control surface jam occurring between V1 and VLOF allows usage of a less conservative crosswind magnitude when determining normally encountered lateral and directional control positions.  Given that lateral and directional controls are continuously used to maintain runway centerline in a crosswind takeoff, and control inputs greater than that necessary at V1 will occur at speeds below V1, any jam in these control axes during a crosswind takeoff will normally be detected prior to V1.  Considering the control jam failure rate of approximately 10-6 to 10-7 per flight hour combined with the short exposure time between V1 and VLOF, a reasonable crosswind level for determination of jammed lateral or directional control positions during takeoff is 15 knots.


The jam positions to be considered in showing compliance include any position up to the maximum position determined by the following maneuvers.  The maneuvers and conditions described in this section are only to provide the control surface deflection to evaluate continued safe flight and landing capability, and are not to represent flight test maneuvers for such an evaluation; see section 9.e.”


 (1)
Jammed Lateral Control Positions.

(i)
Takeoff:  The lateral control position for wings-level at V1 in a steady crosswind of 15 knots (at a height of 10 meters above the takeoff surface).  Variations in wind speed from a 10 meter height can be obtained using the following relationship:


Valt =
V10meters * (Hdesired/10.0)1/7

Where:
V10meters=
Wind Speed at 10 meters AGL (knots)

Valt
=
Wind Speed at desired altitude (knots)


Hdesired
=
Desired altitude for which Wind Speed is Sought




(Meters AGL), but not lower than 1.5m (5 ft)


(ii)
In-flight:  The lateral control position to sustain a 12 deg/sec steady roll rate from 1.23VSR1(1.3VS) to VMO/MMO or Vfe, as appropriate, but not greater than 50% of the control input.


Note:  If the flight control system augments the pilot’s input, then the maximum surface deflection to achieve the above maneuvers should be considered.


(2)
Jammed Longitudinal Control Positions.

(i)
Takeoff:  Three longitudinal control positions should be considered:


(1)
Any control position from that which the controls naturally assume without pilot input at the start of the takeoff roll to that which occurs at V1 using the manufacturer’s recommended procedures.



Note: It may not be necessary to consider this case if it can be demonstrated that the pilot is aware of the jam before reaching V1 (for example, through a manufacturer’s recommended AFM procedure).


(2)
The longitudinal control position at V1 based on the manufacturers recommended procedures including consideration for any runway condition for which the aircraft is approved to operate.


(3)
 Using the manufacturers recommended procedures, the peak longitudinal control position to achieve a steady aircraft pitch rate of the lesser of 5 deg/sec or the pitch rate necessary to achieve the speed used for all-engines-operating initial climb procedures (V2+XX) at 35 ft.


(ii)
In-flight:  The maximum longitudinal control position is the greater of :


(1)
The longitudinal control position required to achieve steady state normal accelerations from 0.8g to 1.3g at speeds from 1.23VSR1(1.3VS) to VMO/MMO or Vfe, as appropriate.


(2)
The peak longitudinal control position commanded by the stability augmentation or other automatic system in response to atmospheric discrete vertical gust defined by 15 fps from sea level to 20,000 ft.


(3)
Jammed Directional Control Positions.

(i)
Takeoff:  The directional control position for takeoff at V1 in a steady crosswind of 15 knots (at a height of 10 meters above the takeoff surface).  Variations in wind speed from a height of 10 meters can be obtained using the following relationship:




Valt =
V10meters * (Hdesired/10.0)1/7



Where:
V10meters =
Wind Speed at 10 meters AGL (knots)


Valt
=
Wind Speed at desired altitude (knots)


Hdesired
=
Desired altitude for which Wind Speed is Sought




(Meters AGL), but not lower than 1.5m (5 ft)


(ii)
In-flight:  The directional control position is the greater of:


(1)
The peak directional control position commanded by the stability augmentation or other automatic system in response to atmospheric discrete lateral gust defined by 15 fps from sea level to 20,000 ft.


(2)
Maximum rudder angle required for lateral/directional trim from 1.23VSR1(1.3VS) to the maximum all engines operating airspeed in level flight with climb power, but not to exceed VMO/MMO or Vfe as appropriate.  While more commonly a characteristic of propeller aircraft, this addresses any lateral/directional asymmetry that can occur in flight with symmetric power.


(4)
Control Tabs, Trim Tabs, and Trimming Stabilizers.  Any tabs installed on control surfaces are assumed jammed in the position associated with the normal deflection of the control surface on which they are installed.



Trim tabs and trimming stabilizers are assumed jammed in the positions associated with the manufacturer's recommended procedures for takeoff and that are normally used throughout the flight to trim the aircraft from 1.23VSR1(1.3VS) to VMO/MMO or Vfe, as appropriate.


(5)
Speed Brakes.  Speed brakes are assumed jammed in any position for which they are approved to operate during flight at any speed from 1.23VSR1(1.3VS) to VMO/MMO or Vfe, as appropriate.  Asymmetric extension and retraction of the speed brakes should be considered.  Roll spoiler jamming (asymmetric spoiler panel) is addressed in Section 9.b.1.


(6)
High Lift Devices.  Leading edge and trailing edge high lift devices are assumed to jam in any position for takeoff, climb, cruise, approach, and landing.  Skew of high lift devices or asymmetric extension and retraction should be considered; FAR/JAR 25.701 contains a requirement for flap mechanical interconnection unless the aircraft has safe flight characteristics with the asymmetric flap positions not shown to be extremely improbable.


(7) Load Alleviation Systems.  


(i)
Gust Load Alleviation Systems.  At any airspeed between 1.23VSR1(1.3VS) to VMO/MMO or Vfe, as appropriate, the control surfaces are assumed to jam in the maximum position commanded by the gust load alleviation system in response to a discrete atmospheric gust with the following reference velocities:


(1)
15 fps (EAS) from sea level to 20,000 ft (vertical gust),


(2)
15 fps (EAS) from sea level to 20,000 ft (lateral gust).


(ii)
Maneuver Load Alleviation Systems.  At any airspeed between 1.23VSr1(1.3VSmin)/Vref to VMO/MMO/Vfe the control surfaces are assumed to jam in the maximum position commanded by the maneuver load alleviation system during a pull-up maneuver to 1.3g or a pushover maneuver to 0.8g.


c.
Jam Combination Failures – FAR/JAR 25.671(c)(3).  In addition to demonstration of jams at “normally encountered position,” compliance with FAR/JAR 25.671(c)(3) should include an analysis that shows a minimum level of safety exists should the jam occur.  This additional analysis should show that in the presence of a jam considered under 25.671(c)(3), any additional single latent failure state that could prevent continued safe flight and landing when combined with the jam must satisfy the specific risk criteria of FAR/CS 25.1309(b)(4)(ii) have a probability of less than 1 in 1000 of existing.  (This analysis uses the same methods for demonstration of compliance with 25.671(c)(2), where the jam is the single failure.)  As a minimum, this should include analysis of such elements as a jam breakout or override, disconnect means, alternate surface control, alternate electrical or hydraulic sources, or alternate cable paths.  This analysis should help determine intervals for scheduled maintenance activity or operational checks that ensure the availability of alleviation or compensation means.


d.
Runaway to an Adverse Position – FAR/JAR 25.671(c)(4).  Consideration of a control runaway will be specific to each application and a general interpretation of an adverse position cannot be given.  Where applicable, the applicant is required to assess the resulting surface position after a runaway, if the failure condition is not extremely improbable or can occur due to a single failure.  This applies to all controls discussed in Section 9.b.


e.
Assessment of Continued Safe Flight and Landing – FAR/JAR 25.671(c).  Following a flight control system failure of the types discussed in Sections 9.a, 9.b, 9.c, and 9.d, the maneuverability and structural strength criteria defined in the following sections should be considered to determine the airplane’s capability for continued safe flight and landing.


(1)
Flight Characteristics.

(i)
General.  Following control system failure, appropriate procedures may be used including system reconfiguration, flight limitations, and crew resource management.  The procedures for safe flight and landing should not require exceptional piloting skill or strength.


Additional means of control, such as trim system, may be used if it can be shown that the systems are available and effective.  Credit should not be given for use of differential engine thrust to maneuver the aircraft.  However, differential thrust may be used following the recovery to maintain lateral/directional trim following the flight control system failure.


For the longitudinal control surface jam during takeoff prior to rotation, it is necessary to show that the aircraft can be safely rotated for liftoff without consideration of field length available.


(ii)
Transient Response.  There should be no unsafe conditions during the transient condition following a flight control system failure.  The evaluation of failures, or maneuvers leading to jamming, is intended to be initiated at 1g wings-level flight.  For this purpose, continued safe flight and landing is generally defined as not exceeding any one of the following:


(1)
A load on any part of the primary structure sufficient to cause a catastrophic structural failure


(2)
Catastrophic loss of flight path control


(3)
Exceedance of Vdf/Mdf


(4)
Catastrophic Flutter or vibration 


(5)
Bank angle in excess of 90 degrees


In connection with the transient response, compliance should be shown to the requirements of FAR/JAR 25.302.  While VF is normally an appropriate airspeed limit to be considered regarding continued safe flight and landing, temporary exceedence of VF may be acceptable as long as the requirements of FAR/JAR 25.302 are met.


Paragraph 9.b. provides a means of determining control surface deflections for the evaluation of flight control jams.  In some cases, aircraft roll or pitch rate or normal acceleration is used as a basis to determine these deflections.  The roll or pitch rate and/or normal acceleration used to determine the control surface deflection need not be included in the evaluation of the transient condition.  For example, the in-flight lateral control position determined in paragraph 9.b.(1)(ii) is based on a steady roll rate of 12 degrees per second.  When evaluating this condition, whether by analysis, simulation or in-flight demonstration, the resulting control surface deflection is simply input while the airplane is in wings-level flight, at the appropriate speed, altitude, etc.  During this evaluation, the airplane’s actual roll or pitch rate may or may not be the same as the roll or pitch rate used to determine the jammed control surface position


(iii)
Delay Times.  Due consideration should be given to the delays involved in pilot recognition, reaction, and operation of any disconnect systems, if applicable.


Delay = Recognition + Reaction + Operation of Disconnect


Recognition is defined as the time from the failure condition to the point at which a pilot in service operation may be expected to recognize the need to take action.  Recognition of the malfunction may be through the behavior of the airplane or a reliable failure warning system, and the recognition point should be identified but should not normally be less than 1 second.  For flight control system failures, except the type of jams addressed in (c)(3), control column or wheel movements alone should not be used for recognition.


The following reaction times should be used:


		Flight Condition

		Reaction Time



		On Ground

		1 sec (**)



		In Air, (<1000 ft AGL)

		1 sec (**)



		Manual Flight (>1000 ft AGL)

		1 sec (**)



		Automatic Flight (>1000 ft AGL)

		3 sec



		(**) 3 sec if control must be transferred between pilots.





The time required to operate any disconnect system should be measured either through ground tests or during flight testing.  This value should be used during all analysis efforts.  However, flight testing or manned simulation that requires the pilot to operate the disconnect includes this extra time; therefore, no additional delay time would be needed for these demonstrations.


(iv)
Maneuver Capability for Continued Safe Flight and Landing.    If, using the manufacturer’s recommended procedures, the following maneuvers can be performed following the failure, it will generally be considered that continued safe flight and landing has been shown.  


(1)
A steady 30( banked turn to the left or right,


(2)
A roll from a steady 30( banked turn through an angle of 60( so as to reverse the direction of the turn in not more than 11 seconds (in this maneuver the rudder may be used to the extent necessary to minimize sideslip, and the maneuver may be unchecked),


(3)
A pushover maneuver to 0.8g, and a pull-up maneuver to 1.3g,


(4)
A wings level landing flare in a 90( crosswind of up to 10 knots (measured at 10 meters above the ground).


 
Note: For the case of a lateral or directional control system jam during takeoff that is described in Section 9(b)(1) or 9(b)(3), it should be shown that the aircraft can safely land on a suitable runway with any crosswind from 0 kt to the crosswind level and direction at which the jam was established.


(v)
Control Forces.  The short and long term control forces should not be greater than 1.5 times the short and long term control forces allowed by FAR/JAR 25.143(c). 


Short term forces have typically been interpreted to mean the time required to accomplish a configuration or trim change. However, taking into account the capability of the crew to share the workload, the short term forces of 25.143(c) may be appropriate for a longer duration, such as the evaluation of a jam on takeoff and return to landing.


During the recovery following the failure, transient control forces may exceed these criteria to a limited extent.  Acceptability of any exceedances will be evaluated on a case by case basis.


(2)
Structural Strength for Flight Control System Failures.


(i)
Failure Conditions per FAR/JAR 25.671(c)(1), (c)(2), and (c)(4).  It should be shown that the aircraft maintains structural integrity for continued safe flight and landing.  This should be accomplished by showing compliance with FAR/JAR 25.302 (Interaction with Systems and Structures).  In FAR/JAR 25.302, a failure is declared extremely improbable based solely on a quantitative probability.  However, some failures may exhibit failure rates that are less than 10-9 per flight hour and not be classified as extremely improbable (some single failures may fall into this category).  The level of structural strength assessment should be according to the probability of the failure as defined below:


		Failure Probability


(Quantitative Assessment)

		Failure Probability


(Qualitative Assessment)

		Structural


Substantiation



		>10-9 per flight hour

		Not Extremely Improbable

		As per FAR/JAR 25.302, Appendix K25.1(c)



		<10-9 per flight hour

		Not Extremely Improbable

		As per Section 9.e.2.iii



		<10-9 per flight hour

		Extremely Improbable

		None





(ii)
Jam Conditions per FAR/JAR 25.671(c)(3).  It should be shown that the aircraft maintains structural integrity for continued safe flight and landing.  Recognizing that jams are infrequent occurrences and that margins have been taken in the definition of normally encountered positions of this Advisory Circular, criteria other than those specified in FAR/JAR 25.302 Appendix K25.1(c) may be used for structural substantiation to show continued safe flight and landing.


This structural substantiation should be per Section 9.e.2.iii


(iii)
Structural Substantiation.  The loads considered as ultimate should be derived from the following conditions at speeds up to the maximum speed allowed for the jammed position or for the failure condition:


(1)
Balanced maneuver of the airplane between 0.25g and 1.75g with high lift devices fully retracted and in enroute configurations, and between 0.6g and 1.4g with high lift devices extended,


(2)
Vertical and lateral discrete gusts corresponding to 40% of the limit gust velocity specified at Vc in FAR/JAR 25.341(a) with high lift devices fully retracted, and a 17 fps vertical and 17 fps head-on gust with high lift devices extended.


10.
EVALUATION OF ALL-ENGINES FAILED CONDITION – 25.671(d).


a.
Explanation.  FAR/JAR 25.671(d) states that, “The airplane must be designed so that it is controllable and an approach and flare to a landing possible if all engines fail at any point in the flight.  Compliance with the requirement may be shown by analysis where that method has been shown to be reliable.”


The intent of FAR/JAR 25.671(d) is to assure that in the event of failure of all engines and given the availability of an adequate runway, the airplane will be controllable and an approach and flare to a landing possible.  In this context, “flare to a landing” refers to the time until touchdown.  Although the rule refers to “flare to a landing” with the implication of being on a runway, it is recognized that with all engines inoperative it may not be possible to reach an adequate runway or landing surface; in this case the aircraft must still be able to make a flare to landing attitude.


FAR/JAR 25.671(d) effectively requires airplanes with fully powered or electronic flight control systems to have a source for emergency power, such as an air driven generator, wind-milling engines, batteries, or other power source capable of providing adequate power to the flight control system.


Analysis, simulation, or any combination thereof may be used to show compliance where the methods are shown to be reliable.


b.
Procedures.

(1)
The airplane should be evaluated to determine that it is possible, without requiring exceptional piloting skill or strength, to maintain control following the failure of all engines, including the time it takes for activating any backup systems.  The airplane should also remain controllable during restart of the most critical engine, whilst following the AFM recommended engine restart procedures.


(2)
The most critical flight phases, especially for airplanes with emergency power systems dependent on airspeed, are likely to be takeoff and landing.  Credit may be taken for hydraulic pressure/electrical power produced while the engines are spinning down and any residual hydraulic pressure remaining in the system.  Sufficient power must be available to complete a wings level approach and flare to a landing.



Analyses or tests may be used to demonstrate the capability of the control systems to maintain adequate hydraulic pressure/electrical power during the time between the failure of the engines and the activation of any backup systems.  If any of the backup systems rely on aerodynamic means to generate power, then a flight test demonstration should be performed to demonstrate that the backup system could supply adequate electrical and hydraulic power to the flight control systems.  The flight test should be conducted at the minimum practical airspeed required to perform an approach and flare to a safe landing attitude.  


(3)
The maneuver capability following the failure of all engines should be sufficient to complete an approach and flare to a landing.  Note that the aircraft weight could be extremely low (e.g., the engine failures could be due to fuel exhaustion).  The maximum speeds for approach and landing may be limited by other Part 25 requirements (e.g., ditching, tire speeds, flap or landing gear speeds, etc.) or by an evaluation of the average pilot’s ability to conduct a safe landing.  At an operational weight determined for this case and for any other critical weights and c.g.’s identified by the applicant, at speeds down to the approach speeds appropriate to the aircraft configuration, the aircraft should be capable of:


(i)
A steady 30( banked turn to the left or right,


(ii)
A roll from a steady 30( banked turn through an angle of 60( so as to reverse the direction of the turn in not more than 11 seconds (in this maneuver the rudder may be used to the extent necessary to minimize sideslip, and the maneuver may be unchecked),


(iii)
A pushover maneuver to 0.8g, and a pull-up maneuver to 1.3g,


(iv)
A wings level landing flare in a 90( crosswind of up to 10 knots (measured at 10 meters above the ground).


Note:  If the loss of all engines has no effect on the control authority of the aircraft (e.g., manual controls) then the results of the basic handling qualities flight tests with all engines operating may be used to demonstrate the satisfactory handling qualities of the airplane with all engines failed.


(4)
It should be possible to perform a flare to a safe landing attitude, in the most critical configuration, from a stabilized approach using the recommended approach speeds and the appropriate AFM procedures, without requiring exceptional piloting skill or strength.  For transient maneuvers, forces are allowed up to 1.5 times those specified in FAR/JAR 25.143(c) for temporary application with two hands available for control.


11.
EVALUATION OF CONTROL AUTHORITY AWARENESS – 25.671(e).


a.
FAR/JAR 25.671(e) requires suitable annunciation to be provided to the flight crew when a flight condition exists in which near-full control authority (not pilot-commanded) is being used.  Suitability of such a display must take into account that some pilot-demanded maneuvers (e.g., rapid roll) are necessarily associated with intended full performance, which may saturate the surface.  Therefore, simple alerting systems, which would function in both intended and unexpected control-limiting situations, must be properly balanced between needed crew-awareness and nuisance alerting.  Nuisance alerting should be minimized.  The term suitable indicates an appropriate balance between nuisance and necessary operation.


b.
Depending on the application, suitable annunciations may include cockpit control position, annunciator light, or surface position indicators.  Furthermore, this requirement applies at limits of control authority, not necessarily at limits of any individual surface travel.


12.
EVALUATION OF FLIGHT CONTROL SYSTEM SUBMODES – 25.671(f).


Some systems, EFCS in particular, may have submodes of operation not restricted to being either on or off.  The means provided to the crew to indicate the current submode of operation may be different from the classic “failure warning.”


13.
ACCEPTABLE MEANS OF COMPLIANCE DEMONSTRATION.


It is recognized that it may be neither practical nor appropriate to demonstrate compliance by flight test for all of the failure conditions noted herein.  Compliance may be shown by analysis, simulation, a piloted engineering simulator, flight test, or combination of these methods as agreed with the certification authority.  Simulation methods should include an accurate representation of the aircraft characteristics and of the pilot response, including time delays as specified in Section 9.e.1.iii.


Efforts to show compliance with this regulation may result in flight manual abnormal procedures.  Verification of these procedures may be accomplished in-flight or, with the agreement of the certification authority, using a piloted simulator.


a.
Acceptable Use of Simulations.  It is generally difficult to define the types of simulations that might be acceptable in lieu of flight testing without identifying specific conditions or issues.  However, the following general principles can be used as guidance for making this kind of decision:


(1)
In general, flight test demonstrations are the preferred method to show compliance.


(2)
Simulation may be an acceptable alternative to flight demonstrations, especially when:


(i)
A flight demonstration would be too risky even after attempts to mitigate these risks (e.g., “simulated” takeoffs/landings at high altitude),


(ii)
The required environmental conditions are too difficult to attain (e.g., windshear, high crosswinds),


(iii)
The simulation is used to augment a reasonably broad flight test program,


(iv)
The simulation is used to demonstrate repeatability.


b.
Simulation Requirements.  Where it is agreed that a simulation will be used to establish compliance, to be acceptable for use in showing compliance with the performance and handling qualities requirements the simulation should:


(1)
Be suitably validated by flight test data for the conditions of interest.


(i)
This does not mean that there must be flight test data at the exact conditions of interest; the reason simulation is being used may be that it is too difficult or risky to obtain flight test data at the conditions of interest.


(ii)
The level of substantiation of the simulator to flight correlation should be commensurate with the level of compliance (i.e., unless it is determined that the simulation is conservative, the closer the case is to being non-compliant, the higher the required quality of the simulation).


(2)
Be conducted in a manner appropriate to the case and conditions of interest.


(i)
If closed-loop responses are important, the simulation should be piloted by a human pilot.


(ii)
For piloted simulations, the controls/displays/cues should be substantially equivalent to what would be available in the real airplane (unless it is determined that not doing so would provide added conservatism).


APPENDIX 1.  FAILURE RATE AND PROBABILITY CONSIDERATIONS.


a.
Failure Rates.

An important aspect in performing the analyses to show compliance with both multiple failure requirements of FAR/JAR 25.671(c)(2) is the determination of failure rates.  The failure rates are used in the fault tree analysis per FAR/JAR 25.1309 to determine the overall probability of failure combinations to ensure the probability is commensurate with the failure effects. Failure rates are also used to calculate the probability (i.e., risk) of additional failures, or of being in a failed state, that may preclude continued safe flight and landing following the single failure.


Failure rates should be conservative and adequately substantiated to yield an acceptable level of confidence.  In order of preference, the following sources should be considered for calculating conservative/substantiated failure rates:  manufacturer/vendor in-service data of like or similar components used in a similar application and similar environment, vendor prediction, industry standard (i.e., NPRD data), and engineering judgement based on prior experience with similar components.  The methods of obtaining failure rates should be explained and traceability to sources should be maintained.  Built-in conservatism in the analysis should also be explained.  The certification agencies have the opportunity to question or discuss any failure rates in the course of reviewing safety analysis materials.  Following certification, the manufacturer should monitor for in-service deviations from safety analysis assumed failure rates.


In some cases, manufacturers use published company design standards as one means to promote consistency and improvement of component failure rates.  These standards typically specify environments, design features, and other considerations that the manufacturer’s past design and service experience has shown provides acceptable service reliability.  Generally, future components that adhere to these standards are expected to achieve reliabilities similar to predecessor components.


To aid in providing confidence in the analysis, sensitivity analyses should be conducted on the failure rates used in the fault tree analysis for 25.1309 to show the top failure condition probability still allows compliance to be shown.


b.
Failure Rate vs. Probability.

In the analysis required by the second sentence of FAR/JAR 25.671(c)(2), it is important to note that the "probability of less than 1 in 1000" for the additional failure state(s) that would preclude continued safe flight and landing is not to be confused with a failure rate of 10-3 per flight hour.  Failure rates are expressed in "per flight hour" or "per flight" terms.  The "probability" in the requirement is unitless and represents the "risk" of encountering those additional failure(s) during the same flight.  For example, after the failure of the primary system, a backup system that is monitored with a failure rate of 1x10-5 per flight hour (active failure) would have a probability of encountering that additional failure during the same flight of 1x10-5 for a 1 hour flight, 3x10-5 for a 3 hour flight, and 1x10-4 for a 10 hour flight.


Dormancy periods also factor into the calculation of the 1 in 1000 probability.  In the example of the 1x10-5/FH backup system, if this were a dormant failure, then a check for the presence of the dormant failure must be performed every 100 hours to comply with the 1 in 1000 probability.


The above examples assume that the airplane is "at risk" of the additional failure for the duration of the flight.  For cases where the airplane is at risk of the additional failure only during a limited portion of the flight, at risk time is used to determine the risk probability.


Flight time, dormancy period, exposure time, and at risk time all combine to contribute to the risk probability of the additional failures.

APPENDIX 2.  EXAMPLES OF 25.671(c)(2)’s 1 in 1000 REQUIREMENT.


The following simplified examples explain how the additional 1 in 1000 requirement in FAR/JAR 25.671(c)(2) might be applied.  Since many other factors influence the acceptability and certificability of a design, inclusion of a design as an example does not imply the design will always be acceptable; the examples below are only included to illustrate the additional investigation required under FAR/JAR 25.671(c)(2).


a.
Example #1 – Dual Load-Path.

Although there are other requirements that govern such a design, consider a simplified case of a dual load-path design where two pushrods connect actuators to an unbalanced surface.  Assume that a free-floating surface could preclude continued safe flight and landing in any flight phase and therefore must be guarded against.


For this example each pushrod is designed to carry the full load in the absence of the other, the pushrods are independent of one another, and they are readily inspectable.  However, since the failure of one pushrod (one load-path) would not be readily apparent to the crew, that failure would be dormant.


(1)
FAR/JAR 25.1309 Considerations -- Suppose the manufacturer has sufficient service history data to justify a failure of a pushrod is 1x10-7/FH.  Under a strict FAR/JAR 25.1309 approach and taking into account the dormancy of the failure, the failure of both pushrods in combination has a probability of occurrence per flight hour of...
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{ [(1x10-7/FH Pushrod Failure) ( (tinsp hr dormancy period)] ( 


[(1x10-7/FH Pushrod Failure) ( (tflight hr  avg flight)] } / (tflight hr avg flight)


< 1x10-9/FH


Since the "tflight avg flight" term cancels out of the equation, solving for the maximum acceptable dormancy period that still satisfies the 1x10-9/FH criteria yields a dormancy period (i.e., inspection interval) of 100,000 FH.


(2)
FAR/JAR 25.671(c)(2) Considerations -- Now look at the additional multiple failure requirement in the second sentence of FAR/JAR 25.671(c)(2).  The single failure is assumed to have occurred, regardless of probability; in this example the failure of one pushrod is the single failure.  The additional failure that could preclude continued safe flight and landing is identified as the failure of the other pushrod.  Now look to see if the probability of encountering the additional failure is less than 1 in 1000.


Since the additional failure is dormant, to calculate the probability that the additional failure has already occurred (or will occur) the full dormancy period is applied first using the inspection interval established for compliance with FAR/JAR 25.1309.


(1x10-7/FH Pushrod Failure) ( (100,000 hr check) = 4x10-2 (or 1 in 25)


Since the inspection interval for compliance with FAR/JAR 25.1309 does not satisfy the 1 in 1000 criteria in the second part of FAR/JAR 25.671(c)(2), the inspection interval is recalculated to comply with the 1 in 1000 criteria.


(1x10-7/FH Pushrod Failure) ( (tinsp hr dormancy period) < 1x10-3 (or 1 in 1000)


Solving for the inspection interval to satisfy 1 in 1000 yields an inspection interval (dormancy period) of no more than 10,000 hrs.  In this case, the 1 in 1000 criteria in FAR/JAR 25.671(c)(2) would be more restrictive than 25.1309.


b.
Example #2 – Flap System and Asymmetry Detection.

Although there are other requirements that govern such a design, consider the simplified flap drive system shown.  Assume that excessive asymmetry could preclude continued safe flight and landing in any flight phase; therefore, excessive asymmetry must be sufficiently guarded against throughout the flight (i.e., at risk time could not be used in this case).
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In this example a central power drive unit drives, through drive shafts, irreversible actuators at the flap surface.  In the absence of the asymmetry monitor, a severance of the drive shaft just outside the PDU results in one flap being driven and the other flap remaining in its last commanded position – excessive asymmetry could develop.  Since this excessive asymmetry is not extremely improbable, an electronic flap asymmetry monitor checks the position of each flap and shuts down the power drive unit should excessive asymmetry start to develop.  The asymmetry monitor is passive; it only shuts down the PDU when it detects an excessive asymmetry.


(1)
FAR/JAR 25.1309 Considerations -- Suppose the manufacturer has sufficient service history data to justify the probability of either drive shaft severance is approximately 1x10-7/FH.  Under a strict FAR/JAR 25.1309 approach, to ensure that excessive flap asymmetry is extremely improbable the likelihood of either drive shaft severance combined with the likelihood of an asymmetry monitor failure would need to be less than 1x10-9/FH.


Suppose the manufacturer has sufficient service experience with similar electronic monitor systems to justify a failure rate (fail to inoperative status) of 1x10-5/FH.  In the example, the failure of the monitor is dormant since the monitor takes no action until it detects the asymmetry; therefore, a periodic check is established to satisfy the required minimum reliability for 25.1309.
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{ [(1x10-5/FH Monitor Failure) ( (tinsp hr dormancy period)] ( 


[(0.5x10-7/FH Either Drive Shaft Severance) ( (tflight hr avg flight)] }


/ (tflight hr avg flight)  < 1x10-9/FH


Since the "tflight avg flight" term cancels out of the equation, solving for the maximum acceptable dormancy period that still satisfies the 1x10-9/FH criteria yields a dormancy period (i.e., inspection interval) of 2,000 FH.


(2)
FAR/JAR 25.671(c)(2) Considerations -- Now look at the additional multiple failure requirement in the second sentence of FAR/JAR 25.671(c)(2).  The single failure is assumed to have occurred, regardless of probability.  If the assumed single failure is the failure of the asymmetry monitor, the additional failure(s) that could preclude continued safe flight and landing is the failure of the drive shaft.  Now look to see if the probability of encountering the additional failure(s) is less than 1 in 1000.


(1x10-7/FH Either Drive Shaft Sev.) ( (tflight hr avg flight) < 1x10-3 (or 1 in 1000)


Since the probability of encountering the drive shaft failure is on the order of 1 in 10,000,000 (depending on the duration of the average flight) compared to a 1 in 1000 requirement, compliance with the multiple failure requirements of FAR/JAR 25.671(c)(2) is shown for this single failure condition.


If the assumed single failure is the failure of the drive shaft, the additional failure(s) that could preclude continued safe flight and landing is the failure of the asymmetry monitor.  Now look to see if the probability of encountering the additional failure(s) is less than 1 in 1000.  Since the additional failure is dormant, the full dormancy period is applied first using the inspection interval established for compliance with FAR/JAR 25.1309.


(1x10-5/FH Monitor failure) ( (2000 hr check)  = 2x10-2 (or 1 in 50)

Since the 2000 hr inspection interval for compliance with FAR/JAR 25.1309 does not satisfy the 1 in 1000 criteria in the second part of FAR/JAR 25.671(c)(2), a design change would be necessary.  Options available include: (1) change the monitor to self-check so it is no longer a dormant failure, (2) change to a redundant drive path or redundant monitor path, (3) improve the reliability of the monitor, or (4) reduce the check interval on the monitor.  For this example, let’s recalculate the inspection interval to comply with the 1 in 1000 criteria.


(1x10-5/FH Monitor Failure) ( (tinsp hr dormancy period) < 1x10-3 (or 1 in 1000)


Solving for the inspection interval to satisfy 1 in 1000 yields an inspection interval (dormancy period) of no more than 100 hrs.  In this case, the 1 in 1000 criteria in FAR/JAR 25.671(c)(2) would be more restrictive than 25.1309.
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These previous means of compliances provide different criteria and different
methodologies for calculating the criteria. The new 25.1309 regulation adopts
both limit latency and residual risk criteria. The residual risk numerical objective of
Remote is chosen using ARAC methodology of calculating sum of all remaining
failures. This is more conservative than the existing standards, but has a reduced
scope. Unlike the existing means of compliance, it does not apply to active —
active failure combinations. Eliminating the active — active failure conditions from
the specific risk criteria does not impact the over all safety benefits of the analysis
because the conditions of concerned are covered under the average risk criteria
of FAR/CS 25.671(c)(1) & (c)(2) and FAR/CS 25.1309(b)(1). With regard to
residual risk the ASAWG was only concerned with situations in which the airplane
could be operating one failure away from a Catastrophe for multiple flights.

Existing means of compliance for flight controls only consider residual risk for
single latent failures. These practices do not apply residual risk assuming the
presence of multiple latent failures. The ASAWG has kept to this philosophy in
regards to quantitative residual criteria. As a result residual risk has the most
impact on dual failures. Therefore the ASAWG has limited the residual risk
application to dual failure combinations.

The ASAWG new limit latent regulation applies to individual latent failures rather
than the sum of latent failures associated with a single active failure. The impact
of 1/1000 on exposure times associated with multiple latent failure combinations
was considered not significant. Therefore the limit latency requirement is also
limited to dual failure combinations.

To be consistent with average risk calculation model the ASAWG decided not to
adopt the maximum dormant model for latent failures. This is not a significant
issue because this did not represent an order of magnitude change in inspection
intervals. Further the applicant would not run two different types of fault tree
calculations for latency. Therefore the application of maximum dormant model
could effectively change fault trees from an average risk calculation to a maximum
risk calculation by practice if not by requirement.

The change to FAR/CS 25.671(c)(3)(iii) affects dual failures where the active
failure of the jam (normally encountered) is alleviated by a device that can be
latent for more than one flight. The change is consistent with how other single
failure plus latent failure combinations are addressed by the ASAWG. It is also
consistent with the scope of the original rule.

Replace FAR25.901(c) with:

(c) The powerplant installation must comply with FAR25.1309(b), except that the
effects of the following need not comply with FAR25.1309(b):

(i) Engine case burn through or rupture;

(i) Uncontained engine rotor failure; and

(iii) Propeller debris release.

Introduce AC/AMC 25.901:
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Rationale:

It was decided that FAR25.901 does not have latent specific risk criteria included
in the rule; however, there is policy that require the review of latent related
specific risk; therefore, a recommended change is provided. In addition, upon
application of the proposed AC/ACJ 25.901 (see attached) compliance to the
remote requirements of the proposed 25.1309(b)(4) has been included.

ASAWG Recommends adoption of the related ARAC PPIHWG and SDAHWG
Recommendations as modified by the ASAWG recommendations made
elsewhere in this report. Adoption of the ASAWG recommendations regarding
FAR/CS 25.1309 would result in a level of safety for powerplant systems at least
equivalent to that provided by the current interpretation of FAR/CS 25.901(c)
while facilitating a more consistent and objective means of demonstrating
compliance. For example, the “no single failure” requirement would be covered by
the revision to FAR/CS 25.1309(b) proposed by ARAC SDAHWG and clarified by
ASAWG recommendations. The avoidance of “latent plus one” failure conditions
would be covered by the ASAWG recommendation to eliminate significant latent
failures wherever practical. In addition the ASAWG recommendation would
provide a more objective and hence consistent maximum acceptable residual risk
when operating one failure away from a catastrophe.

Replace FAR/CS 25.933(a)(1) with:

(a) For turbojet reversing systems

(1) Each system intended for ground operation only must be designed so that
either—

(i) The airplane can be shown to be capable of continued safe flight and landing
during and after any thrust reversal in flight; or

(i) It can be demonstrated that inflight thrust reversal complies with
FAR25.1309(b)(1) & FAR25.1309(b)(4).—is—extremely—imprebable—and-dees—no!

Introduce AC/AMC 25.933:

Replace Sections 8.b.2 and 8.b.3 of the attached TAEIG PPIHWG AC 25.933X
with a Section 8.b.2 as follows:

In accordance with Arsenal Draft of AC/AMC 25.1309, Section 9.b.(6), whenever
practical, latent failures should be avoided. It has traditionally been deemed
practical to avoid catastrophic in-flight thrust reversal failure conditions due to any
“single latent plus single active” (a.k.a “latent plus one”) failure combination.
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THIS DOCUMENT IS A WORKING DRAFT AND IS NOT FOR PUBLIC RELEASE

1.  PURPOSE..    This Advisory Circular (AC) describes an acceptable means for showing compliance with the requirements of § 25.901(c), “Powerplant, General -- Installation,” of 14 CFR part 25 of the Federal Aviation Regulations (FAR).  This document describes a method of conducting a “System Safety Assessment” of the powerplant installation as a means for demonstrating compliance.  This guidance is intended to supplement the engineering and operational judgment that must form the basis of any compliance findings.  The guidance provided in this document is meant for to airplane manufacturers, modifiers, foreign regulatory authorities, and Federal Aviation Administration transport airplane type certification engineers, and their designees.  Like all advisory circular material, this AC is not, in itself, mandatory, and does not constitute a regulation.  It is issued to describe an acceptable means, but not the only means, for demonstrating compliance with the powerplant installation requirements for transport category airplanes.  Terms such as “shall” and “must” are used only in the sense of ensuring applicability of this particular method of compliance when the acceptable method of compliance described in this document is used. 


2.  RELATED FAR SECTIONS.   Sections 25.571, 25.901, 25.903, 25.933, 25.1309, and 25.1529; Sections 33.28 and 33.75


3.  APPLICABILITY.   The guidance provided in this document applies to powerplant installations on transport category airplanes that are subject to the requirements of § 25.901.  This guidance specifically concerns demonstrating compliance with the requirements of § 25.901(c), which states:


(c)  The powerplant installation must comply with §  25.1309, except that the effects of the following need not comply with § 25.1309(b):


(1)  Engine case burn through or rupture;


(2)  Uncontained engine rotor failure; and


(3)  Propeller debris release.”


Section 25.901(c) is intended to provide an overall safety assessment of the powerplant installation that is consistent with the requirements of § 25.1309, while accommodating unique powerplant installation compliance policies.  It is intended to augment rather than replace other applicable part 25 design and performance standards for transport category airplanes.


In accommodating unique policies related to powerplant compliance, the FAA has  determined that specific guidance relative to demonstrating compliance with § 25.1309(b) is needed; such guidance is contained in this AC.  [No unique compliance requirements for § 25.1309(a) and (c) are required for powerplant installations.]


Wherever this AC indicates that compliance with other applicable regulations has been accepted as also meeting the intent of § 25.901(c) for a specific failure condition, no additional dedicated safety analysis is required.  Where this AC may conflict with AC 25.1309-1B (“System Design Analysis”), this AC shall take precedence for providing guidance in demonstrating compliance with § 25.901(c). 


When assessing the potential hazards to the aircraft caused by the powerplant installation, the effects of an engine case rupture, uncontained engine rotor failure, engine case burn-through, and propeller debris release are excluded from § 25.901(c)/§ 25.1309.  The effects and rates of these failures are minimized by compliance with part 33 (“Airworthiness Standards:  Aircraft Engines”); part 35 (“Airworthiness Standards:  Propellers”); § 25.903(d)(1) (“Engines”); § 25.905(d) (“Propellers”); and § 25.1193 (“Cowling and nacelle skin”).


Furthermore, the effects of encountering environmental threats or other operating conditions more severe than those for which the aircraft is certified (such as volcanic ash or operation above placard speeds) need not be considered in the § 25.901(c)/§ 25.1309 compliance process.  However, if a failure or malfunction can affect the subsequent environmental qualification or other operational capability of the installation, this effect should be accounted for in the § 25.901(c)/§ 25.1309 assessment.


The terms used in this AC are intended to be identical to those used in AC 25.1309-1B.


4.  BACKGROUND.   The fail-safe concept was inherent in § 25.1309(b) as codified.  When first promulgated, that regulation originally stated:


“The equipment, systems, and installations must be designed to prevent hazards to the airplane if they malfunction or fail.”


Compliance with that rule normally was demonstrated for only one failure or malfunction at a time.  However, as stated in the preamble to Notice of Proposed Rulemaking (NPRM), docket number 68-18 (August 22, 1968), which proposed new § 25.1309(b), (c), and (d) requirements, the trend towards more critical, complex, and integrated aircraft systems made it clear that the co-existence of multiple failures must be addressed.  The question of how many co-existent failures must be tolerated without posing a hazard to the airplane was answered in that proposal by establishing a “logical and acceptable inverse relationship between the probability and the severity of each failure condition.”  This concept was adopted in § 25.1309 and applied specifically to powerplant installations through the creation of § 25.901(c) in Amendment 25-23 (35 FR 5671, Apr. 8, 1970).


As the first version of AC 25.1309 was being drafted, some powerplant specialists, both within the FAA and the industry, apparently became concerned that this new policy focused too much on the “frequency of occurrence” aspect of the new fail-safe rule and not enough on the “prevention of hazards” inherent in traditional fail-safe practices.  While average risk was seen as an appropriate guide to help an engineer determine the level of redundancy required in the design, it was considered inappropriate to use frequency of occurrence to justify exposure to a preventable hazard.  Furthermore, there was no restriction on the use of probability.  This was of particular concern if this new policy could be used to accept the kinds of potentially catastrophic single failures that had historically been prohibited as far back as the early 1950’s in Civil Air Regulation (CAR) 4b.606(b).  


These concerns led to the revision of FAR 25.901(c) in Amendment 25-40 (42 FR 15042, March 17, 1977), to read:


“(c)  For each powerplant . . . installation, it must be established that no single failure or malfunction or probable combination of failures will jeopardize the safe operation of the airplane, except that the failure of structural elements need not be considered if the probability of such failure is extremely remote.”


By changing § 25.901(c) as indicated above, FAA intended to safeguard the traditional “no single failure” concept while allowing for some “frequency of occurrence” considerations for multiple failures.  However, unlike § 25.1309(b)(2) of the time, § 25.901(c) did not provide for regulation of hazards that did not jeopardize the safe operation of the airplane.  


Despite the fact that the FAA stated in the preamble to NPRM, docket number 75-19, that § 25.1309 still applied to powerplant installations by its own terms, there was much controversy following the issuance of Amendment 25-40 as to whether or not the more generally applicable § 25.1309 still applied to powerplant installations.  At the very least, the Amendment 25-40 revision to § 25.901(c) created standards and undefined terminology that were inconsistent with those of the more generally applicable § 25.1309; this fact has caused significant difficulty both for applicants and for the FAA as well.  


The shortcomings of both § 25.901(c) and § 25.1309, the desire to have more consistent standards and terminology throughout FAR part 25, and the initiative to harmonize FAR and JAR policies, has lead to the creation of the current § 25.901(c) (___FR______________) and the current § 25.1309 (___FR______________) with advisory material.


The current § 25.901(c) references the § 25.1309 rule.  Section 25.1309 preserves the “no single failure will jeopardize” concept of § 25.901(c), while clarifying the “inverse relationship between probability and severity” concept.


This AC 25.901X has been developed to:


· ensure that the intent of the current § 25.901(c) rule is applied when finding compliance, 


· advise on § 25.1309 concepts as they relate to the powerplant (and APU) installations, and 


· assure that any uncertainty in that compliance finding is identified and suitably managed.


[This safety analysis also may be used to verify that the intent of the engine isolation requirements of § 25.903(b) are met.]


5.  GENERAL SYSTEM SAFETY ASSESSMENT GUIDANCE.   Compliance with § 25.901(c)/§ 25.1309 may be shown by a System Safety Assessment (SSA) substantiated by appropriate testing and/or comparable service experience.  Such an assessment may range from a simple report that offers descriptive details associated with a failure condition, interprets test results, compares two similar systems, or offers other qualitative information; to a detailed failure analysis that may include estimated numerical probabilities.  


The depth and scope of an acceptable SSA depends on:


· the complexity and criticality of the functions performed by the system(s) under consideration, 


· the severity of related failure conditions, 


· the uniqueness of the design and extent of relevant service experience, 


· the number and complexity of the identified causal failure scenarios, and 


· the detectability of contributing failures.  


The SSA criteria, process, analysis methods, validation and documentation should be consistent with the guidance material contained in AC 25.1309-1B.  Wherever there is unique guidance specifically for powerplant installations, this is delineated in Section 6, below.

In carrying out the SSA for the powerplant installation for § 25.901(c)/§ 25.1309, the results of the engine (and propeller) failure analyses (reference § 33.28 and § 33.75) should be used as inputs for those powerplant failure effects that can have an impact on the aircraft.  However, the SSA undertaken in response to part 33 and part 35 may not address all the potential effects that an engine and propeller as installed may have on the aircraft.


For those failure conditions covered by analysis under part 33 and/or part 35, and for which the installation has no effect on the conclusions derived from these analyses, no additional analyses will be required to demonstrate compliance to § 25.901(c)/§ 25.1309.


The effects of structural failures on the powerplant installation, and vice versa, should be carefully considered when conducting system safety assessments:



a.  Effects of structural failures on powerplant installation.  The powerplant installation must be shown to comply with § 25.901(c) following structural failures that are anticipated to occur within the fleet life of the airplane type.  Since the probability of a given structural failure is normally considered remote, consideration of structural failures is normally limited to potentially hazardous and catastrophic failure conditions. This should be part of the assessment of powerplant installation failure condition causes.


Examples of structural failures that have been of concern in previous powerplant installations are:




(1)  Thrust reverser restraining load path failure that may cause a catastrophic inadvertent deployment.




(2)  Throttle quadrant framing or mounting failure that causes loss of control of multiple engines.




(3)  Structural failures in an avionics rack or related mounting that cause loss of multiple, otherwise independent, powerplant functions/components/systems.



b.  Effects of powerplant installation failures on structural elements.   Any effect of powerplant installation failures that could influence the suitability of affected structures, should be identified during the § 25.901(c) assessment and accounted for when demonstrating compliance with the requirements of part 25, Subpart C (“Structure”) and D (“Design and Construction”).  This should be part of the assessment of powerplant installation failure condition effects.


Some examples of historical interdependencies between powerplant installations and structures include:




(1)  Fuel system failures that cause excessive fuel load imbalance.




(2)  Fuel vent, refueling, or feed system failures that cause abnormal internal fuel tank pressures.




(3)  Engine failures that cause excessive loads/vibration.




(4)  Powerplant installation failures that expose structures to extreme temperatures or corrosive material.


6.  SPECIFIC § 25.901(c) SYSTEM SAFETY ASSESSMENT GUIDANCE.   This section provides compliance guidance unique to powerplant installations.



a.  Undetected Thrust Loss.   The SSA discussed in Section 5 should consider undetected thrust loss and its effect on aircraft safety.  The assessment should include an evaluation of the failure of components and systems that could cause an undetected thrust loss, except those already accounted for by the approved average-to-minimum engine assessment.




(1)  In determining the criticality of undetected thrust losses from a system design and installation perspective, the following should be considered:





(a)  Magnitude of the thrust loss,*




(b)  Direction of thrust,





(c)  Phase of flight, and





(d)  Impact of the thrust loss on aircraft safety.


(*Although it is common for safety analyses to consider the total loss of one engine's thrust, a small undetected thrust loss that persists from the point of takeoff power set could have a more significant impact on the accelerate/stop distances and takeoff flight path/obstacle clearance capability than a detectable single engine total loss of thrust failure condition at V1)




(2)  In addition, the level at which any thrust loss becomes detectable should be validated.  This validation is typically influenced by:





(a)  Impact on aircraft performance and handling, 





(b)  Resultant changes in powerplant indications, 





(c)  Instrument accuracy and visibility, 





(d)  Environmental and operating conditions, 





(e)  Relevant crew procedures and capabilities, etc.




(3)  Less than 3% thrust loss on any one engine, and up to 3% on all engines, generally has been accepted as not having any significant adverse effect on safety.  A 10% thrust asymmetry or a symmetric 20% thrust loss may be considered detectable.



b.  Detected Thrust Loss.   While detectable engine thrust losses can range in magnitude from 3% to 100% of total aircraft thrust, the total loss of useful thrust (inflight shutdown/IFSD) of one or more engines usually has the largest impact on aircraft capabilities and engine-dependent systems.  Furthermore, single and multiple engine IFSD’s tend to be the dominant thrust loss-related failure conditions for most powerplant installations.  In light of this, the guidance in this AC focuses on the IFSD failure conditions.  The applicant must consider other engine thrust loss failure conditions, as well, if they are anticipated to occur more often than the IFSD failure condition, or if they are more severe than the related IFSD failure condition.




(1)  Single Engine IFSD.    The effects of any single engine thrust loss failure condition, including IFSD, on aircraft performance, controllability, maneuverability, and crew workload are accepted as meeting the intent of § 25.901(c) if compliance is also demonstrated with:


· § 25.111 (“Takeoff path”), 


· § 25.121 (“Climb:  one-engine-inoperative”), and 


· § 25.143 (“Controllability and Maneuverability -- General”).  





(a)  Nevertheless, the effects of an IFSD on other aircraft systems or in combination with other conditions also must be assessed as part of showing compliance with § 25.901(c)/§ 25.1309.  In this case, it should be noted that a single engine IFSD can result from any number of single failures, and that the rate of IFSD’s range from approximately 1x10-4 to 1x10-5 per engine flight hour.  This rate includes all failures within a typical powerplant installation that affect one -- and only one -- engine.  Those failures within a typical powerplant that can affect more than one engine are described in Section 6.b.(2), below.





(b)  If an estimate of the IFSD rate is required for a specific turbine engine installation, any one of the following methods are suitable for the purposes of complying with § 25.901(c)/§ 25.1309(b):






(i)  Estimate the IFSD rate based on service experience of similar powerplant installations;






(ii)  Perform a bottom-up reliability analysis using service, test, and any other relevant experience with similar components and/or technologies to predict component failure modes and rates; or






(iii)  Use a conservative value of 1x10-4 per flight hour.





(c)  If an estimate of the percentage of these IFSD’s for which the engine is restartable is required, the estimate should be based on relevant service experience.





(d)  The use of the default value delineated in paragraph 6.b.(1)(b)(iii) is limited to traditional turbine engine installations.  However, the other methods [listed in 6.b.(1)(b)(i) and (ii), above] are acceptable for estimating the IFSD rates and restartability for other types of engines, such as reciprocating engines or some totally new type of engine or unusual powerplant installation with features such as a novel fuel feed system.  In the case of new or novel components, significant non-service experience may be required to validate the reliability predictions.  This is typically attained through test and/or technology transfer analysis.





(e)  Related issues that should be noted here are:






(i)  Section 25.901(b)(2) sets an additional standard for installed engine reliability.  That regulation is intended to ensure that all technologically feasible and economically practical means are used to assure the continued safe operation of the powerplant installation between inspections and overhauls.






(ii)  The effectiveness of compliance with § 25.111, § 25.121 and § 25.143 in meeting the intent of § 25.901(c) for single engine thrust loss is dependent on the accuracy of the human factors assessment of the crew’s ability to take appropriate corrective action.  For the purposes of compliance with § 25.901(c) in this area, it may be assumed that the crew will take the corrective actions called for in the airplane flight manual procedures and associated approved training.




(2)  Multiple Engine IFSD.   The guidance in AC 25.1309-1B provides for  a catastrophic failure condition to exceed 1 x 10-9 per hour under certain conditions (i.e., well-proven design and construction techniques, and a predicted overall airplane level rate of catastrophic failures within historically-accepted service experience).  Typical engine IFSD rates have been part of this historically-accepted service experience, and these IFSD rates are continuously improving.  However, typical engine IFSD rates may not meet the AC 25.1309 condition that calls for 1 x 10-9 per hour for a catastrophic multiple engine IFSD.





(a)  Current typical turbine engine IFSD rates, and the resulting possibility of multiple independent IFSD’s leading to a critical power loss, are considered acceptable for compliance with § 25.901(c) without quantitative assessment.  Therefore, there is no need to calculate the overall airplane level risk of catastrophic failure, even though the probability of a catastrophic failure condition due to multiple engine IFSD’s may exceed 1 x 10-9.





(b)  Nevertheless, some combinations of failures within aircraft systems common to multiple engines may cause a catastrophic multiple engine thrust loss.  These should be assessed to ensure that they meet the extremely improbable criteria.  Systems to be considered include:


· fuel system, 


· air data system, 


· electrical power system, 


· throttle assembly, 


· engine indication systems, etc.





(c)  The means of compliance described above is only valid for turbine engines, and for engines that can demonstrate equivalent reliability to turbine engines, using the means outlined in Section 6.a. of this AC.  The approach to demonstrating equivalent reliability should be discussed early in the program with the certifying authority on a case-by-case basis.


c.  Automatic Takeoff Thrust Control System.    Part 25, Appendix I [“Installation of an Automatic Takeoff Thrust Control System (ATTCS)”], specifies the minimum reliability levels for these automatic systems.  In addition to showing compliance with these reliability levels for certain combinations of failures, other failure conditions that can arise as a result of introducing such a system must be shown to comply with FAR § 25.901(c)/§ 25.1309.



d.  Thrust Management Systems.    A System Safety Assessment is essential for any airplane system that aids the crew in managing engine thrust (i.e., computing target engine ratings, commanding engine thrust levels, etc.).  As a minimum, the criticality and failure hazard classification must be assessed.  The system criticality will depend on:


· the range of thrust management errors it could cause, 


· the likelihood that the crew will detect these errors and take appropriate corrective action, and 


· the severity of the effects of these errors with and without crew intervention.  


The hazard classification will depend on the most severe effects anticipated from any system.  The need for more in-depth analysis will depend upon the systems complexity, novelty, initial failure hazard classification, relationship to other aircraft systems, etc. 




(1)  Automated thrust management features, such as autothrottles and target rating displays, traditionally have been certified on the basis that they are only conveniences to reduce crew workload and do not relieve the crew of any responsibility for assuring proper thrust management.  In some cases, malfunctions of these systems can be considered to be minor, at most.  However, for this to be valid, even when the crew is no longer directly involved in performing a given thrust management function, the crew must be provided with information concerning unsafe system operating conditions to enable them to take appropriate corrective action.




(2)  Consequently, when demonstrating compliance with § 25.901(c)/§ 25.1309, failures within any automated thrust management feature which, if not detected and properly accommodated by crew action, could create a catastrophe should be either:





(a)  considered a catastrophic failure condition when demonstrating compliance with § 25.1309(b)/§ 25.901(c); or




(b)  considered an unsafe system operating condition when demonstrating compliance with the warning requirements of § 25.1309(c).



e.  Thrust Reverser.    Compliance with § 25.933(a) (“Reversing systems”) provides demonstration of compliance with § 25.901(c)/§ 25.1309 for the thrust reverser inflight deployment failure conditions.  A standard § 25.901(c)/§ 25.1309 System Safety Assessment should be performed for any other thrust reverser-related failure conditions.


7.  TYPICAL FAILURE CONDITIONS FOR POWERPLANT SYSTEM INSTALLATIONS.    The purpose of this section is to provide a list of typical failure conditions that may be applicable to a powerplant system installation.  This list is by no means all-encompassing, but it captures some failure conditions that have been of concern in previous powerplant system installations.  The applicant should review the specific failure conditions identified during the preliminary SSA for its installation against this list to assist in ensuring that all failure conditions have been identified and properly addressed.  


As stated previously in this AC, the assessment of these failure conditions may range from a simple report that offers descriptive details associated with a failure condition, interprets test results, compares two similar systems, or offers other qualitative information; to a detailed failure analysis that may include estimated numerical probabilities.  The assessment criteria, process, analysis methods, validation, and documentation should be consistent with the guidance material contained in AC 25.1309-1B.



a.  Fire Protection System -- Failure Conditions:


(1) Loss of detection in the presence of a fire.


(2) Loss of extinguishing in the presence of a fire.


(3) Loss of fire zone integrity in the presence of a fire.


(4) Loss of flammable fluid shut-off or drainage capability in the presence of a fire.


(5) Creation of an ignition source outside a fire zone but in the presence of flammable fluids.



b.  Fuel System -- Failure Conditions:


(1) Loss of fuel feed/fuel supply.


(2) Inability to control lateral and longitudinal balance.


(3) Hazardously misleading fuel indications.


(4) Loss of fuel tank integrity.


(5) Loss of fuel jettison.


(6) Uncommanded fuel jettison.



c.  Powerplant Ice Protection -- Failure Conditions:


(1) Loss of propeller, inlet, engine, or other powerplant ice protection on multiple powerplants when required.


(2) Loss of engine/powerplant ice detection.


(3) Activation of engine inlet ice protection above limit temperatures.



d.  Propeller Control -- Failure Conditions:


(1) Inadvertent fine pitch (overspeed, excessive drag).


(2) Inadvertent coarse pitch (over-torque, thrust asymmetry)


(3) Uncommanded propeller feathering.


(4) Failure to feather.


(5) Inadvertent application of propeller brake in flight.


(6) Unwanted reverse thrust (pitch).



e.  Engine Control and Indication -- Failure Conditions:


(1) Loss of thrust.


(2) Loss of thrust control, including asymmetric thrust, thrust increases, thrust decreases, thrust fail fixed, and unpredictable engine operation.


(3) Hazardously misleading display of powerplant parameter(s).



f.  Thrust Reverser -- Failure Conditions:


(1) Inadvertent deployment of one or more reversers.


(2) Failure of one or more reversers to deploy when commanded.


(3) Failure of reverser component restraints (i.e., opening of D-ducts in flight, release of cascades during reverser operation , etc.).
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Rationale:

A change to FAR/CS 25.933(a)(1)(ii) was recommended because the rule
combined with recent policy implies latent specific risk criteria should be applied
to thrust reversers. This policy is based on earlier ARAC recommendations
currently being used and requires the review of latent related specific risk.
Therefore, the introduction of the ARAC PPIHWG version of AC/ACJ 25.933 with
the deletion of Sections 8.b.2 and 8.b.3 was provided to ensure consistency
across the Industry and systems.

ASAWG Recommends adoption of the related ARAC PPIHWG and SDAHWG
Recommendations as modified by the ASAWG recommendations made
elsewhere in this report. Adoption of the ASAWG recommendations regarding
FAR/CS 25.1309 would result in a level of safety for powerplant systems at least
equivalent to that provided by the current interpretation of FAR/CS 25.933(a)(1)(ii)
while facilitating a more consistent and objective means of demonstrating
compliance. For example, the “no single failure” requirement would be covered by
the revision to FAR/CS 25.1309(b) proposed by ARAC SDAHWG and clarified by
ASAWG recommendations. The avoidance of “latent plus one” failure conditions
would be covered by the ASAWG recommendation to eliminate significant latent
failures wherever practical. In addition the ASAWG recommendation would
provide a more objective and hence consistent maximum acceptable residual risk
when operating one failure away from a catastrophe.

Change to FAR/CS 25.981(a)(3):

(a) No ignition source may be present at each point in the fuel tank or fuel tank
system where catastrophic failure could occur due to ignition of fuel or vapors.
This must be shown by:

(3) Demonstratlng compllance Wlth FAR25 1309(b)(l) & FAR25 1309(b)(4) ee&el

manufacturmg varlablllty, aging, wear, corrosion, and Ilkely damage must be
considered.

Changes to AC/AMC 25.981-1/2:

The ASAWG did not have the experience to recommend changes to AC/AMC
25.981-1/2 but recognize the need to update these to at least result in more
realistic consideration of the conditional probability that the presence of a
potential ignition source will result in a catastrophic fuel tank explosion.

Rationale:
61
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Engine Subcommittee; Installation Rulemeking Advisory Committee. The ' appropriate advisory material for each
_Harmonization Working Group 'I‘mnsporl Aifphnﬁ and E!:fne task. When the detailed brieﬁng under
Subcommittee, consequently, item B, above, and this report are
AGENCY: Federal Aviation established the Installation ! presented to the subcommittes, the
Administration (FAA), DOT. Harmonization Working Group. Spbcommittee and Working Group

ACTION: Notice of establishment of
installation barmonization working

group. ’

SUMMARY: Notice is given of the
establishment of the Installation
Harmonization Working Group of the
Transport Airplane and Engine
Subcommittee. This notice informs the
public of the activities of the Transport
Airplane and Engine Subcommittee of
the Aviation Rulemaking Advisory
Committee. -

FOR FURTHER INFORMATION CONTACT:

Mr. William J. (Joe) Sullivan, Executive
Director, Transport Airplane and Engine
Subcommittee, Aircraft Certification
Service (AIR-3), 800 Independence
Avenue SW., Washington, DC 20591,
Telephone: (202) 267-9554; FAX: (202)
267-5364.

SUPPLEMENTARY INFORMATION: The
Federel Aviation Administration (FAA)
established an Aviation Rulemaking
Advisory Committee (56 FR 2190,
January 22, 1991) which held its first
meeting on May 23, 1991 (56 FR 20492,
Mc:iy 3, 1991). The Trensport Airplane
and Engine Subcommittee was
established at that meeting to provide
advice and recommendations to the
Director, Aircreft Certification Service,
FAA regarding the airworthiness
standards for transﬁort airplanes,
engines and propellers in parts 25, 33,
and 35 of the Federal Aviation
Re)gulations {14 CFR parts 25, 23 and
35).

The FAA announced at the Joint
Aviation Authorities (JAA)-Federal
Aviation Administration (FAA)
Harmonization Conference in Toronto,
Ontario, Canada, (June 2-5, 1992) that it
would consolidate within the Aviation
Rulemaking Advisory Committee
structuré an ongoing objective to
“harmonize’ the Joint Aviation
Requirements (JAR) and the Federal
Aviation Regulstions (FAR). Coincident
with that announcement, the FAA
assigned to the Transport Airplane and
Engine Subcommittee those projects
related to JAR/FAR 25, 33 and 35
harmonization which were then in the
process of being coordinated between
the JAA and the FAA. The
harmonization process included the
intention to present the results of JAA/
FAA coordination to the public in the
form of either a Notice of Proposed
Rulemaking or an advisory circular—an

Specifically, the Working Group’s
tasks are the following:

The Installation Harmonization
Working Group is charged with making
recommendations to the Transport
Airplane and Engine Subcommittee
concerning the FAA disposition of the
following subjects recently coordinated
between the JAA and FAA:

Task 1—Installations (Enginesj:
Develop recommendations concerning
new or revised requirements for the
installation of engines on transport
category airplanes and determine the
relationship, if any, of the requirements
of FAR 25.1309 to these engine
installations (FAR 25.901).

Task 2—Windmilling Without Oil:

. Determine the need for requirements for
turbine engine windmilling without oil
(FAR 25.903).

Task 3—Non-contained Failures:
Revise advisory material on non-
contained engine failure requirements
(FAR 25.903 and related provisions of
FAR Parts 23, 27, 29, 33, and 35, as
appropriate; AC 20-128). The working
group should draw members for this
task from the interests represented by
the General Aviation and Business
Airplane, and Rotorcraft
Subcommittees.

Task 4—Thrust Reversing Systems:
Develop recommendations concerning
new or revised requirements and
guidance material for turbojet engine
thrust reversing systems (FAR 25.933).
Reports:

A. Recommend time line(s) for
completion of each task, including
rationale, for Subcommittee
consideretion at the meeting of the
subcommittee held following
publication of this notice.

B. Give a detailed conceptual
presentation on each task to the
Subcommittee before proceeding with
the work stated under items C and D,
below:. If tasks 1, 2, and 4 require the
development of more than one Notice of
Proposed Rulemaking, identify what
proposed amendments will be included
in each notice. -

C. Draft a Notice of Proposed .
Rulemaking for tasks 1, 2 and 4 :
proposing new or revised requirements,
a supporting aconomic analysis, and
other required analysis, with any other
collateral documents (such as Advisory
Circulars) the Working Group

determines to be needed.

Chairs should arrange for a joint
meeting with the General Aviation and
Business Airplane and Rotorcraft
Subcommittees to consider and join in
the consensus on the results of those
reports. )

E. Give a status report on each task at
each meeting of the- Subcommittee.

The Installation Harmonization
Working Group will be comprised of
experts from those organizations having

. an interest in the tasks assigned. A

Working Group member need not
necessarily be a representative of one of
the organizations of the parent
Transport Airplane and Engine
Subcommittee or of the full Aviation
Rulemaking Advisory Committee. An
individual who has expertise in the
subject matter and wishes to become a
member of the Working Group should
write the person listed under the
caption FOR FURTHER INFORMATION
CONTACT expressing that desire,
describing his or ber interest in tHe task,
and the expertise he or she would bring
to the Working Group. The request will
be reviewed with the Subcommittee and
Working Group Chairs and the
individual will be advised whether or
not the request can be accommodated.

The Secretary of Transportation has
determined that the information and use
of the Aviation Rulemaking Advisory
Committee and its subcommittees are
necessary in the public interest in
connection with the performance of
duties of the FAA by law, Meetings of
the full Committee and any
subcommittees will be open to the
public except as authorized by section
10(d) of the Federal Advisory
Committee Act. Meetings of the
Installation Harmonization Working
Group will not be open to the public
except to the extent that individuals
with an interest and expertise are
selected to participate. No public
announcement of Working Group
meetings will be made.

Issued in Washington, DC, on December 4,
1992,
William J. Sullivan,
Executive Director, Transport Airplane and
Engine Subcommittee, Aviation Rulemaking
Advisory Committee. :
[FR Doc. 92-30118 Filed 12-10-92; 8:45 am)
BILLING CODE 4010-13-M
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FINAL DRAFT FROM PPIHWG
Note: FAA has notified PPIHWG that some materials from proposed AC may need
to be included in the preamble of this NPRM to more clearly reflect the intent of
the rule. PPIHWG have reviewed this issue and decided not to include any of the
AC material at this time.[4910-13]
DEPARTMENT OF TRANSPORTATION
Federal Aviation Administration
[14 CFR Parts 1 and 25]
[Docket No. FAA-xxxxx; Notice No. ]
RIN: 2120-
Transport Category Airplane Turbojet Engine Thrust Reverser System Airworthiness
Standards.
AGENCY: Federal Aviation Administration, DOT.
ACTION: Notice of proposed rulemaking.
SUMMARY: This proposal would revise the current standards that are applicable to the
turbojet reversing systems installed on transport category airplanes. It also would
harmonize these standards with the parallel sections of the European Joint Aviation
Requirements (JAR). This proposal would provide an optional method of compliance
with the current standards. This proposal is the result of an industry-wide investigation
into why application of the current standards has not precluded loss of airplane control
following unwanted inflight deployment of the thrust reverser. These proposed revised
standards would provide operators greater flexibility in developing designs to comply
with the current standards, and would increase the level of safety above that historically
provided by the current rule.
DATES: Comments must be received on or before [insert date 90 days from date of
publication].
ADDRESSES: Comments on this document should be mailed or delivered, in duplicate,
to: U.S. Department of Transportation Dockets, Docket No. 400 Seventh Street
SW., Room Plaza 401, Washington, DC 20590. ” Comments also may be sent
electronically to the following Internet address: 9-NPRM-CMTS@faa.dot.gov.
Comments may be filed and examined in Room Plaza 401 between 10:00 a.m. and 5:00
p.m. weekdays, except Federal holidays,
In addition, the FAA is maintaining an information docket of comments in the FAA,
Transport Airplane Directorate, Aircraft Certification Service, 1601 Lind Avenue S.W.,
Renton, Washington 98055-4056. Comments in the information docket may be inspected
between 7:30 a.m. and 4:00 p.m. weekdays, except Federal holidays.
FOR FURTHER INFORMATION CONTACT: Michael K. McRae,
Propulsion/Mechanical Systems Section, ANM-112, Transport Airplane Directorate,
Aircraft Certification Service, FAA, 1601 Lind Avenue S.W., Renton, Washington
98055-4056; telephone (425) 227-2133; facsimile (425) 227-1320.
SUPPLEMENTARY INFORMATION:
Comments Invited

Interested persons are invited to participate in the making of the proposed action
by submitting such written data, views, or arguments as they may desire. Comments
relating to the environmental, energy, federalism, or economic impact that might result
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from adopting the proposals in this document are also invited. Substantive comments
should be accompanied by cost estimates. Comments must identify the regulatorv docket
or notice number and be submitted in duplicate to the DOT Rules Docket address
specified above.

All comments received, as well as a report summarizing each substantive public
contact with FAA personnel concerning this proposed rulemaking, will be filed in the
docket. The docket is available for public inspection before and after the comment
closing date.

All comments received on or before the closing date will be considered by the
Administrator before taking action on this proposed rulemaking. Comments filed late
will be considered as far as possible without incurring expense or delay. The proposals
in this document may be changed in light of the comments received.

Commenters wishing the FAA to acknowledge receipt of their comments
submitted in response to this document must include a pre-addressed, stamped postcard
with those comments on which the following statement is made: “Comments to Docker
No. .” The postcard will be date stamped and mailed to the commenter.
Availability of NPRM )

An electronic copy of this document may be downloaded using a modem and
suitable communications software from the FAA regulations section of the Fedworld
electronic bulletin board service (telephone: 703-321-3339), the Government Printing
Office’s (GPO) electronic bulletin board service ( telephone: 202-512-1661), or, if
applicable, the FAA’s Aviation Rulemaking Advisory Committee bulletin board service
telephone: 800-322-2722 or 202-267-5948).

Internet users may reach the FAA’s web page at
http://www.faa.gov/avr/arm/nprm/nprm.him or the GPO’s webpage at
hitp://www.access.gpo.gov/nara for access to recently published rule:: .wing documents.

Any person may obtain a copy of this document by submitting a request to the
Federal Aviation Administration, Office of Rulemaking, ARM-1, 800 Independence
Avenue, SW., Washington, DC 20591; or by calling (202) 267-9680. Communications
must identify the notice number or docket number of this NPRM.

Persons interested in being placed on the mailing list for future rulemaking
documents should request from the above office a copy of Advisory Circular No. 11-2A,
Notice of Proposed Rulemaking Distribution System, which describes the application
procedure.

Background

On May 26, 1991, a Boeing Model 767 (Lauda Airlines ) was involved in a total
hull loss accident during takeoff climb at Bangkok, Thailand. The primary cause of the
accident was determined to be loss of aircraft controllability following an unwanted

deployment of the engine thrust reverser in flight. The subsequent investigation revealed
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that an inflight deployment of a thrust reverser can cause previously unforeseen
aerodynamic effects on flight control and lifting surfaces located behind the reverser.
These effects can lead to catastrophic consequences if not addressed in a timely manner.
Because these effects could potentially create unsafe conditions on other
previously-approved transport category airplanes that are equipped with thrust reverser
systems, the FAA and Aerospace Industries Association (AIA) established a steering
committee to assess and address “Transport Turbojet Fleet Thrust Reverser System
Safety.” This committee was comprised of representatives from various transport
airplane and engine manufactures, the FAA, the Joint Airworthiness Authorities (JAA),
and Transport Canada. The Steering Committee divided its activities into three tasks:

Task One: Gather relevant in-service information.

Task Two: Develop guidelines for determining if an unsafe condition exists on

any turbojet thrust reversing system within the subsonic transpor: category airplane fleet.

Task Three: Review the existing regulations and evaluate the need for revising

them based on information garnered from Tasks One and Two.
The Steering Committee concluded that:

» assuring adequate control margins is not practical for all transport airplane
types, especially those with wing-mounted high bypass ratio turbofan enginc.
and

. improved safeguards against the occurrence of unwanted inflight deployment
could provide at least an equivalent level of safety to assurances of adequuate

control margins following such a deployment.
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Based on this conclusion, the Steering Committee subsequently developed both
“controllability” and “reliability” acceptance criteria to assist the FAA in assessing
whether or not a catastrophic inflight thrust reverser deployment could be anticipated to
occur on a given airplane type design.

“Controllability” criteria were based on the premise that the airplane type should
be capable of continued safe flight and landing at an airport following any unwanted
inflight thrust reversal. “Reliability” criteria were based on the premise that the
occurrence of any unwanted inflight thrust reversal that would prevent continued safe

flight and landing at an airport should not be anticipated to occur during the fleet life of
the airplane type.

Following completion of Tasks One and Two, the FAA initiated a “Thrust
Reverser Fleet Review.” During this review, the FAA began performing evaluations of
the current fleet (under the authority of Section 609 of the Federal Aviation Act). Asa
result of findings from this review, the FAA issued a number of airworthiness directives
(AD) to require modifications to in-service airplanes that did not meet either the
“controllability” or “reliability” criteria established by the steering committee. The
FAA’s Thrust Reverser Fleet Review is still ongoing.

The FAA/AIA Steering Committee also concluded that, based on information
gathered and analyzed, changes to the regulations addressing the standards for reversing
system design likely would be necessary. In 1992, the FAA tasked the Aviation
Rulemaking Advisory Committee (ARAC) with completing the review of existing

regulations relevant to thrust reverser systems, and developing any needed revisions to

11
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those regulations and their associated guidance material
ARAC

The ARAC was formally established by the FAA on January 22, 1991 (56 FR
2190), to provide advice and recommendations concerning the full range of the FAA’s
safety-related rulemaking activity. This advice was sought to develop better rules in less
overall time using fewer FAA resources than were previously needed. The committee
provides the opportunity for the FAA to obtain first hand information and insight from
interested parties regarding proposed new rules or revisions of existing rules.

There are 56 member organizations on the committee, representing a wide range
of interests within the aviation community. Meetings of the committee are open to the
public, except as authorized by section 10(d) of the Federal Advisory Committee Act.

The ARAC establishes working groups to develop proposals to recommend to the
FAA for resolving specific issues. Tasks assigned to working groups are published in the

Federal Register. Although working group meetings are not generally open to the

public, all interested parties a}e invited to participate as working group members.
Working groups report directly to the ARAC, and the ARAC must concur with a working
group proposal before that proposal can be presented to the FAA as an advisory
committee recommendation. The activities of the ARAC will not, however, circumvent
the public rulemaking procedures. After an ARAC recommendation is received and
Sfound acceptable by the FAA, the agency proceeds with the normal public rulemaking
procedures. Any ARAC participation in a rulemaking package will be fully disclosed in

the public docket.
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The ARAC held its first meeting on May 3, 1991 (56 FR 20492, May 3, 1991).
The Transport Airplane and Engine Subcommittee (later renamed the Transport Airplane
and Engine Issues Group, TAEIG) was established at that meeting to provide advice and
recommendations to the Director of the FAA Aircraft Certification Service regarding the
airworthiness standards for transport airplanes, engines, and propellers in parts 25, 33,
and 35 of the Federal Aviation Regulations (14 CFR parts 25, 33, and 35). The TAEIG
established the Installation Harmonization Working Group (later renamed the Power
Plant Installation Harmonization Working Group, PPIHWG) and tasked it (57 FR 58845,
December 11, 1992) with developing recommendations concerning new or revised
requirements and guidance material for turbojet engine thrust reverser systems
(FAR/JAR §25.933). The proposed amendment contained in this notice was developed by
the Thrust Reverser Task Group of the PPIHWG, and it was presented to the FAA by the
ARAC in response to the TAEIG PPIHWG's Task 4.
Harmonization

The FAA announced at the FAA-JAA Harmonization Conference in Toronto,
Ontario, Canada, held in June 1992, that it would consolidate within the ARAC structure
an ongoing objective to “harmonize” the Joint Aviation Requirements (JAR) and the
Federal Aviation Regulations (FAR).

The need to harmonize all regulatory activity has been identified by U.S. and
European airplane manufacturers and airworthiness authorities as a high priority. Part
25 of the FAR contains the airworthiness standards for transport category airplanes.

Manufacturers of transport category airplanes must show that each airplane they

13
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produce of a different type design complies with the relevant standards of part 25. These
standards apply to airplanes manufactured within the U.S. and other countries for use by
U.S.-registered operators.

In Europe, the JAR were developed by the Joint Aviation Authorities (JAA) to
provide a common set of airworthiness standards for use within the European
community. The airworthiness standards for European type certification of transport
category airplanes, JAR-25, are based on part 25 of the FAR (14 CFR part 25).
Airplanes certificated to the JAR-25 standards, including airplanes manufactured in the
U.S. for export to Europe, receive a type certificate that is usually accepted by the
aircraft certification authorities of 19 European countries who are members of the JAA.

Although FAR part 25 and JAR-25 are very similar, they are not identical. The
additional costs of meeting different FAR and JAR requirements when airplanes are type
certificated to both standards do not normally bring about a commensurate increase in
safety. Recognizing that a common set of standards would not only benefit the aviation
industry economically, but also maintain the necessary high level of safety, the FAA and
JAA consider harmonization to be a high priority.

The harmonization process included the intention to present the results of
JAA/FAA coordination to the public in the form of either a Notice of Proposed
Rulemaking or an Advisory Circular.

Relevant Regulatory History
Currently, the relevant standards addressing reversing systems on transport

category airplanes are found in §25.933. The precursor to the current 14 CFR §25.933
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was first introduced as CAR 4b.407, amendment 1, effective December 31, 1953. That
rule was applicable to “propeller reversing systems,” and contained the concept that “no
single failure or malfunctioning” should result in “a position substantially below the
normal flight low-pitch stop.” This established a regulatory concepr of preventing
“unwanted reverse thrust,” which was then applied to all types of “reversing systems”
by amendment 11 to CAR 4b.407(a). When 14 CFR part 25 was created, CAR 4b.407(a)
was recodified as §25.933(a).

While other thrust reverser regulatory activity was contained in amendment 11 to
CAR 4b.407, as well as in amendments 25-11 (32 FR6912, May 5, 1967) and 25-38 (41
FR 55466, December 20, 1976) to §25.933, it wasn’t until amendment 25-40 (42 FR
15042, March 17, 1977) that the approach to regulating unwanted reverse thrust
changed significantly.

Amendment 25-40 introduced a requirement within §25.933(a) to show that:

“(a) Each engine reversing system intended for ground operation
only must be designed so that, during any reversal in flight, the engine will
produce no more than flight idle thrust. In addition, it must be shown by

analysis or test, or both, that—
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(1) the reverser can be restored to the forward thrust position, or

(2) the airplane is capable of continued safe flight and landing

under any possible position of the thrust reverser.” [emphasis added]
In part, the justification that the FAA provided for making these changes was:

“A review of the past operating history of airplane engine thrust
reversers indicates that fail-safe design features in the reverser systems do
not always prevent unwanted deployment in flight. Many of these
unwanted deployments are not caused by deficiencies in design, but can
be attributed to maintenance omissions, wear, and other like factors that
cannot be completely accounted for in the original design and over which
the manufacturer generally has no control even when comprehensive
maintenance programs are established. Since the existing reverser design
standards are inadequate, it is felt that it is incumbent on the airplane
manufacturers to investigate the effects of various types of failures either
by analysis and or flight and ground tests, as well asestablishing
operating limitations and incorporating safety features so that
catastrophic situations do not develop from unwanted deployment in flight
or on the ground.”

Shortly after this amendment was adopted, the FAA realized that the word “or,”
which connected §25.933(a)(1)(i) and (ii), should have been “and.” Since unwanted
deployment is likely to render the reverser “inoperable,” the FAA thereafter applied the

regulation as if it read “each operable reverser [must] be restored to the forward thrust
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position and the airplane [must be] capable of continued safe flight and landing under any
possible position of the thrust reverser”. The rule itself was revised to reflect this
interpretation by amendment 25-72 (55 FR 29773, July 20, 1990), which became
effective July 20, 1990.

Need for Additional Regulatory Change

The service history of airplanes certified under §25.933(1)(a)as being “capable of
continued safe flight and landing under any possible position of the thrust reverser”
demonstrates that the intent of this “fail-safe” requirement has not been achieved. The
relevant service history is summarized in “Criteria for Assessing Transport Turbojet Fleet
Thrust Reverser System Safety,” Rev. A, dated June 1, 1994, a document developed by
the FAA/AIA Thrust Reverser Steering Committee.

Service history shows that accidents have occurred on airplanes that apparently
were “capable of continued safe flight and landing” if the flight crew responded to the
unwanted deployment in the manner assumed during certification. Accidents have also
occurred on airplanes that apparently were not “capable of continued safe flight and
landing” regardless of the flight crew’s response. In most cases, the influences that
caused the associated compliance findings to become “invalid” either were not identified
or were oversimplified during certification.

The FAA has determined that, if future type designs are to be “capable of
continued safe flight and landing under any possible position of the thrust reverser” as
currently required, or are to “prevent unwanted reverse thrust” as required prior to

amendment 25-40, then certification compliance substantiation and instructions for
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continued airworthiness must become more comprehensive than those that have proved

ineffective in the past. However, the complexity and diversity of conditions that might

influence the actual probability or severity of unwanted reverse thrust make it logistically

impractical to explicitly demonstrate compliance for any and all combinations of these

conditions. Consequently, it is essential that we establish some acceptableconservative

means ofsimplifyingthese compliance substantiations.

The FAA has reviewed some previously-accepted “simplifications” that have

been addressed in reversing system compliance substantiations. These simplifications,

each with their notable shortcomings, are described below:

L.

Assuming that flight, maintenance, or manufacturing/modifying personnel

perform their duties as intended: This may be invalid due to the impact of

anticipated alternative human behaviors.

Assuming that failure modes and effects will/will not occur: This may be

invalid because all relevant variables, such as manufacturing/modifying
variability, externally applied stresses, situational and conditional variations,
etc., may not have been properly accounted for.

Assuming that the aircraft is operating “normally” in a “wings level” attitude

with no other faults present just prior to deployment: This may be invalid

due to the impact of anticipated latent failures, MMEL relief, transient
maneuvers, abnormal operations, etc.

Assuming that the effects of the initial engine power level are negligible or

can be modeled as a simple decaying asymmetric force: This may be invalid
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due to non-linear engine power-dependent aerodynamic influences(e.g. lift
loss due to reverser effluxinfluences onthe airflow over the wing).

5. Assuming that the “worst case” thrust reverser inflight deployment is a fully

deployed reverser at the highest anticipated total pressure flight conditions:

This may be invalid because other anticipated thrust reverser failures or flight
conditions can be more severe.

6. Assuming that crew procedures and/or airplane simulations can be validated

by extrapolating the results of limited testing: This may be invalid because

all significant influences may not have been adequately accounted for in the
extrapolation.

7. Assuming that an airplane is airworthy if it is capable of recovering from a

deployment transient while descending and then landing with the reverser

deployed: This may be invalid due to the effects that a deployment would
have on range, performance, and/or other capabilities required to assure
continued safe flight and landing at a suitable airport under any anticipated
conditions.

When the FAA/AIA Thrust Reverser Steering Committee considered making

compliance substantiation more comprehensive, it concluded that:

+ 1tis not practical always to assume that a deployment occurs regardless of the
probability; and

« certain otherwise beneficial design features can make it impractical to assure

continued safe flight and landing following an inflight reverser deployment
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for the reasons discussed below under “Evaluation of Regulatory Options
Pertaining to Thrust Reverser Systems”.
ARAC Thrust Reverser Task Group Activities
The ARAC Thrust Reverser Task Group evaluated the controllability of various
airplane types to better understand the effects of thrust reverser deployment on airplane
controllability. The Task Group determined that newer technology airplanes with hi gh
bypass ratio engines located under the wing typically have the least control margin,
particularly at high speeds. The primary causes of this lower control margin are the
relatively large diameter and thrust level of the new technology high bypass ratio
engines, and the associated engine mounting systems that reduce the distance between the
wing and the engine. The “short struts” are needed to reduce aerodynamic drag and
provide ground clearance for the larger diameter engines. During a thrust reverser
deployment at high speed, these “closely coupled” engines cause a significant disruption
of the airflow over the wing upper surface, resulting in a loss of wing lift that induces the
airplane to roll and nose down. This reaction can be so dynamic that it is not reasonable
to rely on pilot actions alone to correct it.
A review of developing engine technology shows that a major improvement in
fuel efficiency is offered by a future generation of engines, which:
+ have bypass ratios well in excess of current engines, and
+ may incorporate variable geometry of the engine or nacelle to provide the
needed reverse thrust (e.g., reversible pitch fan blades similar to current

turbopropeller-driven airplanes).

20





FINAL DRAFT FROM PPIHWG  2/16/99
updated 4/7/99

The increased bypass ratios mean that close-coupled mounting systems will
continue to be prevalent if these engines are to be used. Some increase in bypass ratio
with fixed pitch fans is also likely in the near future.

In developing appropriate revisions to the current standards, the ARAC Thrust
Reverser Task Group considered:

« the adverse thrust reverser service history;

» the practical limitations on being “capable of continued safe flight and landing

under any possible position of the thrust reverser;” and

« the practical limitation on assuring that a deployment will not occur, as

delineated in the justifications for amendment 25-40 to §25.933(a), described
above.

From these considerations, the Task Group determined that both a regulatory and
policy amendment was required to provide the most comprehensive means of assuring an
acceptable level of thrust reverser safety in transport category airplanes in the future.
Evaluation of Regulatory Options Pertaining to Thrust Reverser Systems

The Task Group evaluated numerous design options to determine what changes to
the current standards would be technically feasible, economically justifiable, and capable
of providing the desired level of safety. It finally considered three options:

Option 1. Eliminate thrust reverser systems altogether.

Option 2. Provide adequate assurances of continued safe flight and landing
following an assumed unwanted deployment during flight, as intended by the current

requirement of §25.933(a)(1) -- the “controllability” option.
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Option 3. Provide adequate assurances that unwanted deployment will not occur
during flight, as intended by §25.933(a) prior to amendment 25-40 -- the “reliability”
option.

The conclusions reached by the team conceming each of the options are as
follows:

Option 1. Eliminate Thrust Reverser Systems

Elimination of thrust reverser systems was not found to be an airworthiness
improvement or an increase in the level of safety. Although thrust reverser systems are
not required by the FAR (14 CFR), these systems are needed to stop airplanes safely on
runways with contaminated surfaces. The use of reversers also reduces brake wear. The
need for thrust reversers on many airplane types has been demonstrated by recent service
history. For example, in addressing the unsafe condition related to the cause of the
Boeing 767 (Lauda) accident, the FAA required (for a specific period of time) the
deactivation of thrust reverser systems of several airplane types. This resulted in the need
for a significant increase in landing field lengths for those airplanes when landing on
contaminated surfaces. Additionally, during the short period of time when the thrust
reversers systems were required to be deactivated, one operator’s aircraft, when landing
on an icy runway, experienced an overrun due to lack of stopping power provided by the
brakes.

Other options for eliminating thrust reversers that were evaluated included:

« reduced landing speeds such that the use of the thrust reversing systems would

not be necessary; and
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» installation of runway overrun facilities or arresting gear at each airport.

Given the service history of overruns, the latter option was considered beneficial
even if reversers were retained. However, the Task Group concluded that implementing
either of these options was considered impractical due to obviously prohibitive costs and
logistical problems.

Option 2. Ensure Continued Safe F light and Landing Following Inflight
Deployment (“Controllability Option”)

The Task Group concluded that Option 2 would require airplane control margins
such that, even with a reasonable delay in flight crew response following an unwanted
deployment, the airplane would still clearly be capable of continued safe flight and
landing. This means that the control margins on some airplane types would have to be
substantially improved. The methods for improving airplane control margins that the
Task Group evaluated included:

1. increasing the size of airplane control surfaces;

2. increasing the separation distance between engine and wing so that the

resulting reverser efflux would not impinge on the upper wing surface;

3. revising the reverser efflux pattern such that only a minor disruption of

airflow over the wing would occur;

4. mounting the engines on the aft fuselage such that a reverser deployment

would not result in wing lift loss; and

5. commanding the engine power from high power to low power during an

unwanted inflight reversal in a rapid fashion such that the engine compressor

23





FINAL DRAFT FROM PPIHWG  2/16/99
updated 4/7/99

will stall, thereby resulting in only a minor disruption of airflow over the
wing.

A detailed economic evaluation of these options is presented later in this
preamble. However, the following are brief summaries of the economic evaluation of
each of these 5 proposed methods for improving airplane control margins:

To assess the impact and cost of the control system changes required for a typical
aircraft to achieve full controllability across the normal flight envelope, a study was
conducted in August 1993. Results demonstrated that there would be an increase in
direct operating costs of approximately 0.5 % for typical airline operation. This
increased cost arises from the additional drag and weight associated with increases in
both the control surface area and the actuation system capability. Results for
wing-mounted twin and quad jet engine installations were similar.

This assessment did not account for:

« the effect of the harsh ride associated with faster control response;

« the cost of advanced avionics to operate the fast-response aspect; or

« additional significant costs that would be associated with adhering to the roll

angle limits, control forces limits, and post-event performance requirements
(required by showing compliance with the “controllability” criteria only).

Increasing the wing-to-engine separation distance was found to significantly
inhibit airplane design. Installation of large diameter high bypass engines under the wing
results in the need to close-couple the engines to the wing in order to maintain the entry

door sill heights so that current airport terminals can be used. Additional costs of
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increasing the separation distance would include added drag and increased weight, since
longer landing gear and engine struts would be required.

Revising the efflux pattern of the thrust reversers, while maintaining the thrust
reversers’ effectiveness, was found not to be technically feasible. Currently, the thrust
reverser efflux pattern is “tuned” so that (1) the airflow is directed away from the
fuselage so that foreign object/ice damage to the fuselage will not occur, and (2) the
airflow will not discharge under the wing and cause a net lifting of the airframe and
subsequent reduced braking effectiveness. Based on these design constraints,
wing-mounted engine efflux patterns are generally limited to four areas around the
engine circumference at roughly 45-degree angles from the horizontal. Redirection of the
efflux pattern in the upper quadrant would result in loss of reverser effectiveness and
asymmetric loading of the engine fan, which would significantly increase weight and
operating costs.

The option of mounting all future engines in the aft fuselage location or above the
wing, so that wing lift loss would not occur, was evaluated and found to result in severe
economic penalties. These costs primarily are the result of increased interference drag
and weight penalties associated with the aft fuselage location.

The option of designing engines so that a non-recoverable compressor stall would
occur if an unwanted inflight deployment were detected was found to be effective at
improving airplane controllability for certain airplane types. However, introduction of
this feature could reduce engine reliability and increase engine maintenance costs on

those airplanes.
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Furthermore, even with the engine at low or no power, an inflight thrust reversal
could still be catastrophic on certain airplane and engine types. Consequently this option
would not always be effective.

Option 3. Ensure Deployment Will Not Occur During Flight (“Reliability”)

The requirements used to ensure that other critical systems do not prevent
continued safe flight and landing were evaluated to determine if the same requirements
could be applied effectively to thrust reverser systems. Unwanted deployments have
occurred on thrust reverser systems (that were certificated as critical systems) due to
factors “beyond the control of the manufacturer,” as described in the preamble to
amendment 25-40 to §25.933(a). Even more recent service history indicates that these
unwanted deployments continue to occur due to factors such as inappropriate
maintenance and intermittent wiring faults, which are not traditionally addressed by
system safety assessments.

As a result of other FAA taskings, ARAC is proposing revisions to FAR/JAR
§25.1309 (“Equipment, systems, and installations”), and FAR/JAR §25.901(c)
(“Powerplant - Installation™), and their associated Advisory Circulars (i.e., AC
25.1309-1B and AC 25.901). The revisions are intended to better address system safety
factors that have contributed to previous unwanted thrust reverser deployments.

The Task Group did identify the incorporation of additional redundant locking
mechanisms within the reverser system as one option for increasing the safeguards
against deployment. Additional redundant locking mechanisms already have been

incorporated into several aircraft type designs by AD requirements to address unsafe
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conditions in service.

Additionally, during several recent FAA transport category airplane certification
programs, additional redundant locking mechanisms, in conjunction with more rigorous
design and maintenance assessments, have been found to provide an “equivalent level of
safety” to compliance with §25.933(a)(1)(ii) (“. . . capable of continued safe flight and
landing under any possible position of the thrust reverser.”). However, this is only one
option, and it can result in reduced thrust reverser operational reliability, as well as
increased manufacturing and operating costs.

Conclusion Reached

Evaluation of the three options discussed above indicates that there are means of
improving the historical level of safety through both Options 2 and 3. Given the
foreseeable constraints on transport category airplane type designs, however, neither
option can exclusively provide an effective, technologically feasible, and economically
practical alternative for all future designs. Consequently, the Task Group concluded that
the applicant should be able to select the most suitable option for its particular type
design or failure condition.

Some representatives on the task group proposed that any revision to §25.933
and AC 25.933 should restrict the use of the “reliability option” to those cases where the
“controllability option” is not practicable-- that is, retain the objective of the current rule,
but revise it to provide a “built-in exemption” for designs that could not meet the
“controllability” requirements. These representatives contended that, given the

justifications specified in amendment 25-40 for no longer allowing only a “reliability
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option,” it would be inappropriate to unconditionally re-introduce the “reliability-only
option.” The majority of the task group representatives, however, concluded that, given
the improved “reliability option” guidance that is available and provided in the proposed
advisory materials [See General Action #1], the two options can be viewed as equivalent;
therefore no “bias” towards the “controllability-only option” is warranted. (Details of the
opinions of the task force representatives are contained in a separate document in the
docket associated with the related advisory material, AC 25.933-1.)

Some members of the Task Group proposed that the prescriptive requirements
related to “restow” and “flight idle” currently within §25.933(a)(1) should be retained in
the revised rule. However, the majority of the Task Group members concluded that, if
such design features are required to meet the objective of the revised rule, then they
would be implicitly made part of any approved design; on the other hand, if such features
are not required to meet the objective of the rule, then there is no justification for making
them mandatory. Consequently, the task group concluded that these prescriptive design
requirements should not be explicitly included in the proposed revised rule.

Finally, the Task Group concluded that each thrust reversing system intended for
ground use only should be inhibited from selection during flight. The Task Group
determined that this item should not be part of the proposed revision to §25.933, but
instead should be part of another ARAC task that is currently aimed at amending
§25.1155 (“Reverse thrust and propeller pitch settings below the flight regime™). That
activity relates to preventing the flight crew of turbopropeller-powered airplanes from

unwantedly or intentionally placing the power lever below flight idle (beta operation)

28





FINAL DRAFT FROM PPIHWG 2/16/99
updated 4/7/99

while in tlight. unless the airplane has been certified for inflight beta operation. The
scope of that activity would be expanded to include reverse thrust on turbojet airplanes.
Discussion of the Proposal

In consideration of the previous discussion, the FAA proposes to amend 14 CFR
§25.933(a)(1), as recommended by the ARAC, to incorporate needed flexibility in the
standards applicable to engine thrust reverser systems, and to harmonize these sections
with JAR-25. The JAA intends to publish a similar Notice of Proposed Amendment
(NPA) that will propose to revise JAR-25 to ensure harmonization in those areas for
which the proposed amendments differ from the current JAR-25. When it is published,
the NPA will be placed in the public docket for this rulemaking.

Specifically, the FAA proposes to amend §25.933(a)(1) to read as follows:

“(a) For turbojet reversing systems -

(1) Each system intended for ground operation only must be designed so

that either—

(i) the airplane can be shown to be capable of continued safe
flight and landing during and after any thrust reversal that occurs during flight,
or

(ii) it can be demonstrated that inflight thrust reversal is extremely
improbable and does not result from a single failure or malfunction.”

This proposed revision would allow applicants for certification of designs to show
compliance with the criteria described either in paragraph 25.933(a)(1)(i) or in

25.933(a)(1)(ii).
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In summary, this proposal would revise the current regulations to provide an
additional method of compliance.
Relevant Advisory Materials

The FAA also is preparing to issue a new proposed Advisory Circular 25.933-1 to
state a means of compliance with the proposed regulation that would providethe intended
level of safety and promote consistent and effective application of the proposed revised
standards. Any alternative means of compliance to those delineated in the proposed AC
should be shown to provide a similar level of safety. Public comments concerning the
proposed AC are invited by separate notice published elsewhere in this issue of the

Federal Register.

Paperwork Reduction Act

In accordance with the Paperwork Reduction Act of 1995 [44 U.S.C. 3507(d)],
the FAA had determined there are no requirements for information collection associated
with this proposed rule.
Compatibility with ICAO Standards

In keeping with U.S. obligations under the Convention on International Civil
Aviation, it is FAA policy to comply with International Civil Aviation Organization
(ICAO) Standards and Recommended Practices to the maximum extent practicable. The
FAA determined that there are no ICAO Standards and Recommended Practices that
correspond to this proposed regulation.
Regulatory Evaluation Summary

Changes to Federal regulations must undergo several economic analyses. First,

30





FINAL DRAFT FROM PPIHWG  2/16/99
updated 4/7/99

Executive Order 12866 directs that each Federal agency shall propose or adopt a
regulation only upon a reasoned determination that the benefits of the intended regulation
Justify its costs. Second, the Regulatory Flexibility Act of 1980 requires agencies to
analyze the economic effect of regulatory changes on small entities. Third, the Office of
Management and Budget directs agencies to assess the effects of regulatory changes on
international trade. And fourth, the Unfunded Mandates Reform Act of 1995 (Pub. L.
104-4) requires agencies to prepare a written assessment of the cots, benefits, and other
effects of proposed or final rules that include a Federal mandate likely to result in the
expenditure by State, local, or tribal governments, in the aggregate, or by the private
sector, of $100 million or more annually (adjusted for inflation). In conducting these
analyses, the FAA has determined that this proposed rule: (1) would generate benefits
that justify its costs and would not be “a significant regulatory action” as defined in
section 3(f) of Executive Order 12866 and, therefore, is not subject to review by the
Office of Management and Budget; (2) would not have a significant impact on a
substantial number of small entities; (3) would not constitute a barrier to international
trade; and (4) would not contain a significant intergovernmental or private sector
mandate. These analyses, available in the docket, are summarized below. The FAA
invites the public to provide comments and supporting data on the assumptions made in
this evaluation. All comments received will be considered in the final regulatory
evaluation.

Initial Economic Evaluation

(INITIAL EVALUATION TO BE COMPLETED BY APO]
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Benefits

The proposed rule would generate two types of benefits:

*  The first type of benefit would be the increased safety that the continued use
of thrust reversers provides during landings and rejected takeoffs, particularly
on contaminated runways. As discussed elsewhere in this Notice, without the
reliability alternative provided by this rule cvhange, incorporation of thrust

reversers would not be practicable for some types of transport airplanes.

¢ The second type of benefit would be to reduce future compliance costs
because the proposed rule would allow manufacturers to achieve the intended
level of safety in the most cost-effective manner for their individual future
airplane models.

The FAA cannot precisely quantify the potential increased safety benefits of

facilitating the installation of reversers .However, the fact that nearly all turbofan

airplanes use thrust reversers, even though they are expensive to maintain and operate
and they are not required equipment for compliance with FAA regulations, presents
strong evidence that operators view thrust reversers as an important component of
airplane safety. A January 1994, National Aeronautics and Space Administration
(NASA)/FAA/Industry Aircraft Deceleration Working Group study (“Thrust Reversers:
Are They Really Needed?”) estimated (p. 4] that the annual thrust reverser system costs
for a large transport category airplane is approximately $221,550 per airplane (updated to

1997 dollars). It also reported (p. 4) that thrust reversers reduce annual braking system
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maintenance by about $13.775 per airplane (study estimate updated to 1997 dollars).
Thus, the annualized net cost of using thrust reversers was estimated to be about
$207,775 per airplane. Clearly, most operators have determined that these expensive
systems provide a positive (although unquantified in this analysis) safety benefit. The
FAA requests commenters to provide quantified estimates of and supporting data for the
safety benefits from using thrust reverser systems.

Although the FAA cannot quantify this potential future cost savings from
allowing either reliability or controllability because the forms that future technologies
will take and their impacts on costs is not capable of being predicted, the FAA concludes
that greater compliance flexibility could reduce compliance costs. The FAA requests
comments on this conclusion; commenters should provide supporting data.

Costs of Compliance

Since the Model 767 (Lauda) accident in 1991, enhanced criteria have been used
when demonstrating an airplane is controllable under the existing rule. This proposal
does not change the existing controllability requirements; it merely provides a
reliability-based alternative. Under this proposal, an applicant would have to
demonstrate either that the airplane is controllable as required by the existing rule, or that
the thrust reverser system meets the optional reliability requirements added by this
proposal. Since the costs of demonstrating controllability are unchanged and
demonstrating reliability is optional, this proposal does not require any additional
compliance costs to be incurred. The FAA requests comments on this determination;

commenters should provide supporting data.
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Alternative Means of Addressing This Issue

In addition to the proposed rule, at least six other alternative means of addressing
this issue were reviewed. As discussed previously, one alternative was to eliminate thrust
reversers; a second alternative was to require greater airplane controllability without
allowing the option of the applicant meeting a reliability criterion. The other 4
alternatives would require specific methods that could, potentially, provide greater
airplane controllability, but which have been rejected for technical reasons delineated
elsewhere in this Notice and economic reasons delineated below.
Alternative (1): Benefits and Costs from Eliminating Thrust Reversers

With respect to eliminating thrust reversers, the1994 NASA/FAA/Industry study,
described previously, reported (p. 8) that thrust reversers contribute less than 20 percent
of the overall stopping force on a dry runway. However, on a slippery runway (from
rain, snow, etc.) the thrust reverser braking effect can nearly equal wheel braking forces.
Similarly, thrust reversers significantly contribute to stopping an airplane safely during a
rejected takeoff. The FAA evaluated several compensating factors for thrust reversers
(such as reducing landing speeds, extending runways, and having arresting gear at
airports), but determined that, with the current state of technology, these compensating
factors wouldbeeither more hazardous or impracticable. As a result, the FAA finds that
eliminating thrust reversers would reduce overall airline operational safety because
reversers contribute to an increased level of safety especially on contaminated runways.
However, since reversers are only one means of providing suitable operating safety, the

FAA have concluded that requiring reverser would also be unwarranted. The FAA
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requests comments on this finding; commenters should provide supporting data.
Alternative (2): Benefits and Costs from Requiring Greater Airplane
Controllability for All Airplanes

As previously discussed, the FAA considers that compliance with the reliability
criterion of the proposed rule would provide the same level of safety as compliance with
the controllability criterion. Thus, requiring all airplanes to meet the controllability
criterion would not increase the level of safety.

It is likely that some transport category airplanes could achieve greater airplane
controllability at little or no additional cost. However, given current technology, some
other transport category airplanes, especially those using high bypass turbofan engines,
could only attain greater airplane controllability through a redesi gn that would necessitate
additional equipment. This additional equipment would, in turn, increase those airplanes;
weight, aerodynamic drag, and maintenance. Thus, this alternative would generate
increased annual operating costs as well as increased manufacturing costs.

In order to estimate the potential cost increases that would occur if only the
controllability criterion were allowed, the FAA assumes that the typical future larger
transport category airplane would be similar in overall design to recent certificated
models.

Weight. The FAA has relied upon two manufacturers’ estimates of the impact
that compliance with only the controllability criterion would produce. For those airplane
models, the manufacturers estimated that compliance would require a 50 percent increase

in the airplane’s rudder surface (a 0.2 percent increase in the airplane’s weight) and the
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addition of 12 spoilers and 4 ailerons (a 0.3 percent increase in the airplane’s weight).
Thus, this alternative would increase an airplane’s weight by about 0.5 percent.

Fuel Costs. The FAA assumes that the percentage increase in weight would
approximately translate into an equivalent percentage increase in fuel and oil
consumption. The FAA’s “Economic Values for Evaluation of Federal Aviation
Administration Investment and Regulatory Programs” (Table 4-1B on p. 4-4) indicates
that the average fuel and oil cost per airborne hour is:

e $2,703 for a four-engine widebody,

e $1,152 for a two-engine widebody, and

e $665 for a two-engine narrowbody.

Applying the 0.5 percent increased weight factor produces an increased per
airborne hourly cost of about:

e $13.50 for a four-engine widebody,

e $5.75 for a two-engine widebody, and

e $3.30 for a two-engine narrowbody.

Using data derived from the “FAA Aviation Forecasts Fiscal Years 1998-2009”
(Tables 16 and 17, pp. IX-18 and IX-19), the average annual airborne hours is about:

® 3,000 hours for a four-engine widebody,

* 3,100 hours for a two-engine widebody, and

* 2,800 hours for a two-engine narrowbody.

Thus, the increased annual fuel and oil costs tﬁat would be due to this additional

weight are estimated to be about:

36





FINAL DRAFT FROM PPIHWG  2/16/99
updated 4/7/99

e $40,000 per four-engine widebody,

e 317,825 for a two-engine widebody, and

* $9,250 for a two-engine narrowbody.

IncreasedDrag Costs. In addition to the increased weight, the larger rudder
surface would raise aerodynamic drag by 1.5 percent, which would be equivalent to a
0.35 percent increase in direct operating costs. The FAA estimates that the direct
operating costs per airborne hour would be about:

o $4,880 for a four-engine widebody,

e $2,265 for a two-engine widebody, and

* $1,340 for a two-engine narrowbody.

Multiplying those per airborne hour additional cost by the reported number of
average airborne hours per year and then by 0.35 percent produces an additional annual
per airplane cost due to the increased aerodynamic drag of about:

e $49,400 for a four-engine widebody,

* $24,550 for a two-engine widebody, and

e $13,125 for a two-engine narrowbody.

Maintenance Costs. Further, the additional spoilers and ailerons would require
annual maintenance that would cost (in 1992 dollars) about $1 per airborne hour for each
aileron and on average, $0.05 per airborne hour for each spoiler. Updating the estimated
costs to 1997 dollars results in an annual increased maintenance cost of $5.15 per
airborne hour. Multiplying these per airborne hour additional maintenance by the

reported number of annual airborne hours per airplane produces an additional annual
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maintenance cost of about:

e $15,450 for a four-engine widebody,

e $15,950 for a two-engine widebody, and

e $14,425 for a two-engine narrowbody.

Consequently, the total increase in annual operational costs per airplane due to the
increased weight and drag would be about:

e $104,850 for a four-engine widebody,

o 358,325 for a two-engine widebody, and

e $36,800 for a two-engine narrowbody.

Equipment Costs. In 1997 dollars, the reported cost would be about $8,960 for
each spoiler actuator and would be about $11,200 each aileron actuator. Thus, this
additional equipment would cost about $107,500 for the 12 additional spoiler actuators
and $44,800 for the 4 additional aileron actuators, for a cost increase of $152,300 per
airplane.

In addition, the oversized flight controls would need more complex control
systems that are estimated to add 0.1 percent to the price of the airplane. Based on
average prices of about $140 million for a new four-engine widebody, about $100 million
for a new two-engine widebody, and about $40 million for a new two-engine
narrowbody, the FAA estimates that the resultant increase in airplane cost due to the
more complex control systems would be about:

e $140,000 for a new four-engine widebody,

e $100,000 for a new two-engine widebody, and
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e $40.000 for a new two-engine narrowbody.

Thus, the total increase in the cost of a new airplane due to the additional or
upgraded equipment would be about:

e $292300 for a four-engine widebody,

® $252,300 for a two-engine widebody, and

e $192,300 for a two-engine narrowbody.

Revenue. In addition to the increased operational costs, the additional weight and
drag may reduce an airplane’s revenue because the operator may be required either to
offload people and cargo or to limit the flight range on certain flights. The difficulty in
estimating this revenue loss is that an offloaded person would generally either take a
different flight on that airline or take a different airline. Thus, the loss to one operator
may result in a revenue gain to another operator. One manufacturer estimated that the
effect of these factors would be a 1.5 percent range loss or a 3.5 percent seat capacity loss
for a typical 7,000 mile mission. For a hypothetical typical European airline with 40 long
range aircraft and 120 short/medium range aircraft, the manufacturer estimated that the
annual total revenue loss from these limitations would be $20 million, for an average
annual aircraft revenue loss of $125,000. As detailed in the Initial Regulatory Evaluation
for this proposed rulemaking (which is contained in the public docket), the FAA
estimates that the annual average revenue loss from these limitations would be about:

e $110,000 for a four-engine widebody,

e $53,000 for a two-engine widebody, and

e $10,000 for a two engine narrowbody.
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The FAA requests comments on this issue; commenters are requested to supply
supporting data.

Total Annual Negative Economic Impact. Consequently, the FAA estimates
that the range (including the manufacturer’s estimated per airplane lost revenue of
$125,000 per airplane) of total annual negative economic impact (increased annual
operational cost plus annual lost revenue) would be:

e between $402,000 and $417,000 for a four engine widebody,

e between $305,000 and $377,000 for a two-engine widebody, and

e between $202,000 and $317,000 for a two-engine narrowbody.

Unquantifiable Factors. Finally, it should be noted that there are several other
factors that would increase costs but were not able to be quantified. For example:

¢ the costs from the additional weight and the increased manufacturing costs

associated with reinforcing the wing structure;

¢ the costs of the advanced avionics to operate the fast-response aspect; and

e the costs associated with adhering to the proposed roll angle limits, control

forces limits, and post-event performance requirements required by the
controllability option.
Alternative (3): Benefits and Costs of the Other Alternatives Reviewed

The third alternative would be to lengthen the separation distance (the length of
the nacelle) between the wing and the engine, which would improve airplane
controllability after an unwanted inflight thrust reversal. By lengthening the nacelles,

aerodynamic drag and operational costs would be increased. In addition, airplane weight
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would be increased because longer landing gear and engine struts would be required.
However, the increased length required for the desired level of safety would depend on
the specific airplane/engine/thrust reverser combination. Consequently, the FAA could
not quantify these potential increased operational costs.

Further, the future larger diameter high bypass ratio engines will require either

¢ ashorter distance between the wing and the engine because the airplane

would need to maintain entry door sill heights in order to use current airport
terminals, or

¢ areduction in the engine’s ground clearance.

The FAA finds that it would be very costly for airports to modify terminal gate
heights to adjust to airplanes with different entry door sill heights. In addition, the closer
the engine is to the ground, the greater the probability that a hard landing or an airplane
roll during a landing or a takeoff could cause the engine to strike the pavement, resulting
in potential engine loss, damage, or fire and associated damage to the hull. Given these
limitations, the FAA is unwilling to require this alternative in the proposed rule.

The fourth alternative would be to revise the efflux pattern of the thrust reversers.
Since this alternative was considered to be technologically impracticable, no
consideration was given to its potential economic impact.

The fifth alternative would be to require that future engines be located either in
the aft fuselage or above the wing, which would eliminate the loss of wing lift during an
unwanted inflight thrust reversal. However, for large high bypass turbofan engines, such

locations would generate severe economic penalties due to increased interference drag
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and weight penalties. The FAA was unable to quantify these operational costs. As a
further consideration, these alternative engine locations may increase overall risk because
they could have a significantly negative effect on an airplane’s weight and balance
configuration. Further, they may produce substantial additional stresses on the fuselage,
which may result in more rapid aging of the airframe. Given these limitations, the FAA
is unwilling to require this alternative in the proposed rule.

The sixth alternative would be to design engines so that a non-recoverable
compressor stall would occur if an unwanted inflight thrust reversal were detected. The
FAA determined that this alternative would be effective at improving airplane
controllability for certain airplane models. However, this feature could reduce engine
reliability and increase engine maintenance costs in those same airplane models. The
FAA was unable to quantify these potential increased costs, however. In addition, this
alternative would not be effective on certain airplane models or engine types. Given these
limitations, the FAA is unwilling to require this alternative in the proposed rule.

Nevertheless, although the FAA considers that it is unlikely at this time that
future type certificated airplanes would elect to use any of these specified alternatives,
the FAA would not preclude their use in this proposed rulemaking because future
technology developments may make one or more of them technologically and
economically viable at some future time. The FAA requests comments on these
alternatives; commenters should provide supporting data.

Initial Regulatory Flexibility Determination

The Regulatory Flexibility Act of 1980 (RFA), 50 U.S.C. 601-612, was enacted
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by Congress to ensure that small entities are not unnecessarily or disproportionately
burdened by Government regulations. The RFA requires a regulatory flexibility analysis
if a proposed rule has a significant economic impact on a substantial number of small
business entities. FAA Order 2100.14A, Regulatory Flexibility Criteria and Guidance,
establishes threshold costs and small entity size standards for complying with RFA
requirements.

The proposed rule would provide an optional way of complying with the
standards, and therefore would impose no new compliance costs on any entity. Based on
this, the FAA certifies that the proposed rule would not have a significant economic
impact on a substantial number of small entities.

International Trade Impact Statement

Consist;nt with the Administration’s belief in the general superiority, desirability,
and efficacy of free trade, it is the policy of the Administrator to remove or diminish, to
the extent feasible, barriers to international trade, including both barriers affecting the
export of American goods and services to foreign countries and those affecting the import
of foreign goods and services into the United States.

In accordance with that policy, the FAA is committed to develop as much as
possible its aviation standards and practices in harmony with its trading partners.
Significant cost savings can result from this, both to American companies doing business
in foreign markets, and foreign companies doing business in the United States.

This proposed rule would be a direct action to respond to this policy by increasing

the harmonization of the U.S. Federal Aviation Regulations with the European Joint
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Aviation Requirements. The result would be a positive step toward removing
impediments to international trade.

The provisions of this proposed rule would have little or no impact on trade for
U.S. firms doing business in foreign countries and foreign firms doing business in the
United States.
Federalism Implications

The regulations proposed herein would not have a substantial direct effect on the
States, on the relationship between the national Government and the States, or on the
distribution of power and responsibilities among the various levels of government.
Therefore, in accordance with Executive Order 12612, it is determined that this proposal
would not have sufficient federalism implications to warrant the preparation of a
federalism assessment.
Unfunded Mandates Assessment

Title II of the Unfunded Mandates Reform Act of 1995 (the Act), codified in 2
U.S.C. 1501-1571, requires each Federal agency, to the extent permitted by law, to
prepare a written assessment of the effects of any Federal mandate in a proposed or final
agency rule that may result in the expenditure by State, local, and tribal governments, in
the aggregate, or by the private sector, of $100 million or more (adjusted annually for
inflation) in any one year. Section 204(a) of the Act, 2 U.S.C. 1534(a), requires the
Federal agency to develop an effective process to permit timely input by elected officers
(or their designees) of State, local, and tribal governments on a proposed “significant

intergovernmental mandate.” A “significant intergovernmental mandate” under the Act
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1s any provision in a Federal agency regulation that will impose an enforceable duty upon
State, local, and tribal governments, in the aggregate, of $100 million (adjusted annually
for inflation) in any one year. Section 203 of the Act, 2 U.S.C. 1533, which supplements
section 204(a), provides that before establishing any regulatory requirements that might
significantly or uniquely affect small governments, the agency shall have developed a
plan that, among other things, provides for notice to potentially affected small
governments, if any, and for a meaningful and timely opportunity to provide input in the
development of regulatory proposals.

This proposed rule does not contain a Federal intergovernmental or private sector
mandate that exceeds $100 million in any one year.
Environmental Analysis
FAA Order 1050.1D defines FAA actions that may be categorically excluded from
preparation of a National Environmental Policy Act (NEPA) environmental assessment
or environmental impact statement. In accordance with FAA Order 1050.1D, appendix 4,
paragraph 4(j), this rulemaking qualifies for a categorical exclusion.
List of Subjects in 14 CFR Part 25
Aircraft, Aviation safety, Thrust Reverser Requirements
The Proposed Amendment
In consideration of the foregoing, the Federal Aviation Administration (FAA) proposes to
amend 14 CFR part 25 of Title 14, Code of Federal Regulations, as follows:
PART 25 - AIRWORTHINESS STANDARDS - TRANSPORT CATEGORY

AIRPLANES
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1. The authority citation for part 25 continues to read as follows:
Authority: 49 U.S.C. 106(g), 40113, 44701-44702, and 44704.
2. Amend § 25.933 by revising paragraph (a)(1) to read as follows:

§ 25.933 Reversing systems.

(a) For turbojet reversing systems—

(1) Each system intended for ground operation only must be designed so that
either—

(i) The airplane can be shown to be capable of continued safe flight and landing
during and after any thrust reversal in flight; or

(i1) It can be demonstrated that inflight thrust reversal is extremely improbable

and does not result from a single failure or malfunction.

* ok ok ok ok
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[ssued in Renton, Washington, on

Transport Airplane Directorate
Aircraft Certification Service
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TURBOJET THRUST

REVERSERS

THIS DOCUMENT IS A WORKING DRAFT AND IS NOT FOR PUBLIC
RELEASE.

1. PURPOSE. This Advisory Circular (AC) describes various acceptable means,
for showing compliance with the requirements of §25.933(a)(1)and (a)(2),
“Reversing systems, of 14 CFR part 25 of the Federal Aviation Regulations (FAR),
as they apply to transport category airplanes. These means are intended to provide
guidance to supplement the engineering and operational judgment that must form
the basis of any compliance findings relative to inflight thrust reversal of turbojet
thrust reversers.

The guidance provided in this document is directed to airplane manufacturers,
modifiers, foreign regulatory authorities, and Federal Aviation Administration
transport airplane type certification engineers and their designees.

Like all advisory circular material, this AC is not, in itself, mandatory, and does not
constitute a regulation. It is issued to describe an acceptable means, but not the only
means, for demonstrating compliance with the requirements for transport category
airplanes. Terms such as “shall” and “must” are used only in the sense of ensuring
applicability of this particular method of compliance when the acceptable method of
compliance described in this document is used.

2. RELATED FAR SECTIONS. Sections 25.111, 25.143, 25.251, 25.571,
25.901, 25.903, 25.1155, 25.1305, 25.1309, 25.1322 and 25.1529

3. APPLICABILITY. The requirements of §25.933(a) apply to turbojet thrust reverser
systems. Section 25.933(a)(1) specifically applies to reversers intended for ground
operation only, while Section 25.933(a)(2) applies to reversers intended for both ground
and inflight use. This AC applies only to unwanted thrust reversal in flight phases
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when the landing gear is not in contact with the ground; other phases (i.e., ground
operation) are addressed by § 25.901(c) and § 25.1309.

4. BACKGROUND

4.a. General. Most thrust reversers are intended for ground operation only.
Consequently, thrust reverser systems are generally sized and developed to provide
high deceleration forces while avoiding foreign object debris (FOD) ingestion,
airplane surface efflux impingement, and airplane handling difficulty during landing
roll. Likewise, aircraft flight systems are generally sized and developed to provide
lateral and directional controllability margins adequate for handling qualities,
maneuverability requirements, and engine-out VM lateral drift conditions.

In early turbojet airplane designs, the combination of control system design and
thrust reverser characteristics resulted in control margins that were capable of
recovering from unwanted inflight thrust reversal even on ground-use-only
reversers; this was required by the versions of FAR 25.933 that were established by
Amendments 25-40 and 25-72.

As the predominant large transport airplane configuration has developed into the
high bypass ratio twin engine-powered model, control margins for the inflight thrust
reversal case have decreased. Clearly, whenever and wherever thrust reversal is
intended, the focus must remain on limiting any adverse effects of thrust reversal.
However, when demonstrating compliance with FAR 25.933(a)(1) or 25.933(a)(2),
the FAA has accepted that applicants may either provide assurance that the airplane
is controllable after an inflight thrust reversal event or that the unwanted inflight
thrust reversal event will not occur.

Different historical forms of the rule have attempted to limit either the effect or the
likelihood of unwanted thrust reversal during flight. However, experience has
demonstrated that neither method is always both practical and effective. The
current rule, and this related advisory material, are intended to allow either of these
assurance methods to be applied in a manner which recognizes the limitations of
each, thereby maximizing both the design flexibility and safety provided by
compliance with the rule.

4.b. Minimizing Adverse Effects. The primary purpose of reversing
systems, especially those intended for ground operation only, is to assist in
decelerating the airplane during landing and during an aborted takeoff. As such, the
reverser must be rapid-acting and must be effective in producing sufficient reverse
thrust. These requirements result in design characteristics (actuator sizing, efflux
characteristics, reverse thrust levels, etc.) that, in the event of thrust during flight,
could cause significant adverse effects on airplane controllability and performance.
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If the effect of the thrust reversal occurring in flight produces an unacceptable risk
to continued safe flight and landing, then the reverser operation and de-activation
system must be designed to prevent unwanted thrust reversal. Alternatively, for
certain airplane configurations, it may be possible to limit the adverse impacts of
unwanted thrust reversal on airplane controllability and performance such that the
risk to continued safe flight and landing is acceptable (discussed later in this AC).

For reversing systems intended for operation in flight, the reverser system must be
designed to adequately protect against unwanted inflight thrust reversal.

FAR 25.1309 and 25.901(c) and the associated AC’s (AC25.1309-1B and
AC25.901-1)[See AC Action #1] provide guidance for developing and assessing the
safety of systems at the design stage. This methodology should be applied to the
total reverser system, which includes:

e thereverser;

¢ the engine (if it can contribute to thrust reversal);
e the reverser motive power source;

o the reverser control system;

e the reverser command system in the cockpit; and

e the wiring, cable, or linkage system between the cockpit and engine.

Approved removal, deactivation, reinstallation, and repair procedures for any
element in the reverser or related systems should result in a safety level equivalent
to the certified baseline system configuration.

Qualitative assessments should be done, taking into account potential human errors
(maintenance, airplane operation).

Data required to determine the level of the hazard to the airplane in case of inflight
thrust reversal and, conversely, data necessary to define changes to the reverser or
the airplane to eliminate the hazard, can be obtained from service experience, test,
and/or analysis. These data also can be used to define the envelope for continued
safe flight.

There are many opportunities during the design of an airplane to minimize both the
likelihood and severity of unwanted inflight thrust reversal. These opportunities
include design features of both the airplane and the engine/reverser system. During
the design process, consideration should be given to the existing stability and
control design features, while preserving the intended function of the thrust reverser
system.
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Some design considerations, which may help reduce the risk from inflight thrust
reversal, include:

4b.(1) Engine location to:
4.b.(1)(a) Reduce sensitivity to efflux impingement.
4.b.(1)(b) Reduce effective reverse thrust moment arms
4.b.(2) Engine/Reverser System design to:

4.b.(2)(a) Optimize engine/reverser system integrity and
reliability.

4.b.(2)(b) Rapidly reduce engine airflow (i.e. auto-idle) in the
event of an unwanted thrust reversal. Generally, such a feature is considered a beneficial
safety item. In this case, the probability and effect of any unwanted idle command or
failure to provide adequate reverse thrust when selected should be verified to be
consistent with AC 25.1309 and 25.901(c).

4.b.(2)(c) Give consideration to the airplane pitch, yaw, and roll

characteristics.

4.b.(2)(d) Consider effective efflux diameter.

4.b.(2)(e) Consider efflux area.

4.b.(2)(f) Direct reverser efflux away from critical areas of the
airplane.

4.b.(2)(g) Expedite detection of unwanted thrust reversal, and
provide for rapid compensating action within the reversing system.

4.b.(2)(h) Optimize positive aerodynamic stowing forces.

4.b.(2)(1) Inhibit inflight thrust reversal of ground-use-only
reversers, even if commanded by the flight crew.

4.b.(2)(j) Consider incorporation of a restow capability for
unwanted thrust reversal.
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4.b.(3) Airframe/System design to:
4.b.(3)(a) Maximize aerodynamic control capability.

4.b.(3) (b) Expedite detection of thrust reversal, and provide for
rapid compensating action through other airframe systems.

4.b.(3) (c¢) Consider crew procedures and responses.

The use of formal “lessons learned”-based reviews early and often
during design development may help avoid repeating previous errors and take
advantage of previous successes.

5. DEFINITIONS. The following definitions apply for the purpose of this AC :
Editorial Note: consider including “Catastrophic”, “Hazardous” and “Major”
definition cross references to AC25.1309

5.a. Continued Safe Flight and Landing: The capability for continued
controlled flight and safe landing at an airport, possibly using emergency
procedures, but without requiring exceptional pilot skill or strength. Some airplane
damage may be associated with a failure condition, during flight or upon landing.

5.b. Controllable Flight Envelope and Procedure: An area of the Normal
Flight Envelope where, given an appropriate procedure, the airplane is capable of
continued safe flight and landing following an inflight thrust reversal.

5.c. Deactivated Reverser: Any thrust reverser that has been deliberately
inhibited such that it is precluded from performing a normal deploy/stow cycle,
even if commanded to do so.

5.d. Exceptional Piloting Skill and/or Strength: Refer to § 25.143(c)
(“Controllability and Maneuverability -- General”) and AC 25-7 (“Flight Test
Guide”).

5.e. Extremely Improbable: see AC 25.1309

5.f. Extremely Remote: see AC 25.1309

5.g. Failure: see AC 25.1309

5.h. Failure Situation: All failures that result in the malfunction of one
independent command and/or restraint feature that directly contributes to the top
level Fault Tree Analysis event (i.e., unwanted inflight thrust reversal). For the
purpose of illustration, Figure 1, below, provides a fault tree example for a scenario
of three “failure situations” leading to unwanted inflight thrust reversal.
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Figure 1:
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5.i. Inflight: that part of airplane operation beginning when the wheels are
no longer in contact with the ground during the takeoff and ending when the wheels
again contact the ground during landing.

5j. Light Crosswind: For purposes of this AC, a light crosswind is a 10 Kt.
wind at right angles to the direction of takeoff or landing which is assumed to occur
on every flight.

5.k. Light Turbulence: Turbulence that momentarily causes slight, erratic
changes in altitude and/or attitude (pitch, roll, and/or yaw), which is assumed to
occur on every flight.

5.1. Maximum exposure time: The longest anticipated period between the
occurrence and elimination of the failure.
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5.m. Normal Flight Envelope: An established boundary of parameters
(velocity, altitude, angle of attack, attitude) associated with the practical and routine
operation of a specific airplane that is likely to be encountered on a typical flight
and in combination with prescribed conditions of light turbulence and light
crosswind.

5.n. Pre-existing failure: Failure that can be present for more than one
flight.

5.0. Thrust Reversal: A movement of all or part of the thrust reverser from
the forward thrust position to a position that spoils or redirects the engine airflow.

5.p. Thrust Reverser System: Those components that spoil or redirect the
engine thrust to decelerate the airplane. The components include:

e the engine-mounted hardware,
o the reverser control system,
¢ indication and actuation systems, and

e any other airplane systems that have an effect on the thrust reverser
operation.

5.q Turbojet thrust reversing system: Any device that redirects the airflow
momentum from a turbojet engine so as to create reverse thrust. Systems may
include:

e cascade-type reversers,
e target or clamshell-type reversers,
e pivoted-door petal-type reversers,

e deflectors articulated off either the engine cowling or airplane
structure,

e targetable thrust nozzles, or
e apropulsive fan stage with reversing pitch.

5.r. Turbojet (or turbofan): A gas turbine engine in which propulsive thrust
is developed by the reaction of gases being directed through a nozzle.

6. DEMONSTRATING COMPLIANCE WITH §25.933(a)(1). The following
Sections 7 through 10 of this AC provide guidance on specific aspects of
compliance with §25.933(a)(1), according to four different means or methods:

e Controllability (Section 7)
e Reliability (Section 8)
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e Mixed controllability/reliability (Section 9)

e Deactivated reverser (Section 10)

7. “CONTROLLABILITY OPTION”: PROVIDE CONTINUED SAFE
FLIGHT AND LANDING FOLLOWING ANY INFLIGHT THRUST
REVERSAL

The following paragraphs provide guidance regarding an acceptable means of
demonstrating compliance with § 25.933(a)(1)(1).

7.a. General. For compliance to be established with §25.933(a)(1) by
demonstrating that the airplane is capable of continued safe flight and landing
following any inflight thrust reversal (the “controllability option” provided for
under §25.933(a)(1)(i)), the aspects of structural integrity, performance, and
handling qualities must be taken into account. The level of accountability should be
appropriate to the probability of inflight thrust reversal, in accordance with the
following sections.

To identify the corresponding failure conditions and determine the probability of
their occurrence, a safety analysis should be carried out, using the methodology
described in FAR 25.1309. The reliability of design features, such as auto-idle and
automatic control configurations critical to meeting the following controllability
criteria, also should be considered in the safety analysis.

Appropriate alerts and/or other indications should be provided to the crew, as required by
§25.1309(c) (Ref. AC 25.1309).

The inhibition of alerts relating to the thrust reverser system during critical phases of
flight should be evaluated in relation to the total effect on flight safety (Ref. AC 25.1309).

Thrust reversal of a cyclic or erratic nature (e.g., repeated deploy/stow movement of the
thrust reverser) should be considered in the safety analysis and in the design of the
alerting/indication systems.

Input from the flight crew and human factors specialists should be considered in the
design of the alerting and/or indication provisions.

The controllability compliance analysis should include the relevant thrust reversal
scenario that could be induced by a rotorburst event.

When demonstrating compliance using this “controllability option” approach, if the

airplane might experience an inflight thrust reversal outside the “controllable flight
envelope” anytime during the entire operational life of all airplanes of this type, then
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further compliance considerations as described in Section 9 (“MIXED RELIABILTY /
CONTROLLABILITY OPTION”) of this AC, below, should be taken into account.

7.b. Structural Integrity. For the “controllability option,” the airplane must
be capable of successfully completing a flight during which anunwanted inflight
thrust reversal occurs. An assessment of the integrity of the airplane structure is
necessary, including an assessment of the structure of the deployed thrust reverser
and its attachments to the airplane.

In conducting this assessment, the normal structural loads, as well as those induced
by failures and forced vibration (including buffeting), both at the time of the event
and for continuation of the flight, must be shown to be within the structural
capability of the airplane.

At the time of occurrence, starting from 1-g level flight conditions, at speeds up to
V(, arealistic scenario, including pilot corrective actions, should be established to

determine the loads occurring at the time of the event and during the recovery
maneuver. The airplane should be able to withstand these loads multiplied by an
appropriate factor of safety that is related to the probability of unwanted inflight
thrust reversal. The factor of safety is defined in Figure 2, below. Conditions with
high lift devices deployed also should be considered at speeds up to the appropriate
flap limitation speed.

Figure 2
Factor of safety at time of occurrence
1.50
F.S.
1.25

! !

107 /fh 107 /th 1.0

P - probability of unwanted inflight thrust reversal per flight
hour

For continuation of the flight following inflight thrust reversal, considering any
appropriate reconfiguration and flight limitations, the following apply:
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7.b.(1) Static strength should be determined for loads derived from
the following conditions at speeds up to V(, or the speed limitation prescribed for

the remainder of the flight:

7.b.(1)(a) 70% of the limit flight maneuver loads; and
separately

7.b.(1)(b) the discrete gust conditions specified in FAR
25.341(a) (but using 40% of the gust velocities specified for V).

7.b.(2) For the airplane with high lift devices deployed, static
strength should be determined for loads derived from the following conditions at
speeds up the appropriate flap design speed, or any lower flap speed limitation
prescribed for the remainder of the flight:

7.b.(2)(a) A balanced maneuver at a positive limit load factor
of 1.4; and separately

7.b.(2)(b) the discrete gust conditions specified in FAR
25.345(a)(2) (but using 40% of the gust velocities specified).

7.b.(3) For static strength substantiation, each part of the
structure must be able to withstand the loads specified in sub-paragraph 7.b.(1) and
7.b.(2) of this paragraph, multiplied by a factor of safety depending on the
probability of being in this failure state. The factor of safety is defined in Figure 3,
below.
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Figure 3
Factor of safety for continuation of the flight

1.50

FS.
1.0

! ! !
107 107 1.0
Q

Q - is the probability of being in the configuration with the unwanted inflight thrust
reversal

Q = (T)(P) where:
T = average time spent with unwanted inflight thrust reversal(in hours)
P = probability of occurrence of unwanted inflight thrust reversal (per
hour)

If the thrust reverser system is capable of being restowed following a thrust
reversal, only those loads associated with the interval of thrust reversal need to be
considered. Historically, thrust reversers have often been damaged as a result of
unwanted thrust reversal during flight. Consequently, any claim that the thrust
reverser is capable of being restowed must be adequately substantiated, taking into
account this adverse service history.

7.c. Performance

7.c.(1) General Considerations: Most failure conditions that have
an effect on performance are adequately accounted for by the requirements
addressing a “regular” engine failure (i.e., involving only loss of thrust and not
experiencing any reverser anomaly). This is unlikely to be the case for failures
involving an unwanted inflight thrust reversal, which can be expected to have a
more adverse impact on thrust and drag than a regular engine failure. Such
unwanted inflight thrust reversals, therefore, should be accounted for specifically, to
a level commensurate with their probability of occurrence.

The performance accountability that should be provided is defined in Sections
7.c.(2) and 7.c.(3) as a function of the probability of the unwanted inflight thrust
reversal. Obviously, for unwanted inflight thrust reversals less probable than 1 E-
9/1h, certification may be based on reliability alone, as described in Section 8
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(“RELIABILITY OPTION”) of this AC. Furthermore, for any failure conditions
where unwanted inflight thrust reversal would impact safety, the airplane must meet
the safety/reliability criteria delineated in FAR 25.1309.

7.c.(2) Probability of unwanted inflight thrust reversal greater
than 1 E-7/th: Full performance accountability must be provided for the more
critical of a regular engine failure and an unwanted inflight thrust reversal.

To determine if the unwanted inflight thrust reversal is more critical than a regular
engine failure, the normal application of the performance requirements described in
FAR 25, Subpart B, as well as the applicable operating requirements, should be
compared to the application of the following criteria, which replace the
accountability for a critical engine failure with that of a critical unwanted inflight
thrust reversal:

e FAR25.111, “Takeoff path”: The takeoff path should be
determined with the critical unwanted thrust reversal occurring at
Vi or instead of the critical engine failure at Vgr. No change to
the state of the engine with the thrust reversal that requires action
by the pilot may be made until the aircraft is 400 ft above the
takeoff surface.

e FAR 25.12, “Climb: one-engine-inoperative”: Compliance
with the one-engine-inoperative climb gradients should be shown
with the critical unwanted inflight thrust reversal rather than the
critical engine inoperative.

e FAR 25.123, “En-route flight paths”: The en-route flight
paths should be determined following occurrence of the critical
unwanted inflight thrust reversal(s) instead of the critical engine
failure(s), and allowing for the execution of appropriate crew
procedures. For compliance with the applicable operating rules,
an unwanted inflight thrust reversal(s) at the most critical point
en-route should be substituted for the engine failure at the most
critical point en-route.

Performance data determined in accordance with these provisions, where critical,
should be furnished in the Airplane Flight Manual as operating limitations.

Operational data and advisory data related to fuel consumption and range should be
provided for the critical unwanted inflight thrust reversal to assist the crew in
decision making. These data may be supplied as simple factors or additives to
apply to normal all-engines-operating fuel consumption and range data. For
approvals to conduct extended range operations with two-engine airplanes
(ETOPS), the critical unwanted inflight thrust reversal should be considered in the
critical fuel scenario [paragraph 10d(4)(iii) of AC 120-42A].
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7.c.(3) Probability of unwanted inflight thrust reversal equal to
or less than 1 E-7/fh, but greater than 1 E-9/fh: With the exception of the
takeoff phase of flight, which needs not account for unwanted inflight thrust
reversal, the same criteria should be applied as in Section 7.c.(2), above, for the
purposes of providing advisory data and procedures to the flight crew. Such
performance data, however, need not be applied as operating limitations. The
takeoff data addressed by Section 7.c.(2), above (takeoff speeds, if limited by Vi,
takeoff path, and takeoff climb gradients), does not need to be provided, as it would
be of only limited usefulness if not applied as a dispatch limitation.

However, the takeoff data should be determined and applied as operating
limitations if the unwanted inflight thrust reversal during the take-off phase is the
result of a single failure.

As part of this assessment, the effect of an unwanted inflight thrust reversal on
approach climb performance, and the ability to execute a go-around maneuver
should be determined and used to specify crew procedures for an approach and
landing following a thrust reversal. For example, the procedures may specify the
use of a flap setting less than that specified for landing, or an airspeed greater than
the stabilized final approach airspeed, until the flight crew is satisfied that a landing
is assured and a go-around capability need no longer be maintained. Allowance
may be assumed for execution of appropriate crew procedures subsequent to the
unwanted thrust reversal having occurred. Where a number of thrust reversal states
may occur, these procedures for approach and landing may, at the option of the
applicant, be determined either for the critical thrust reversal state or for each thrust
reversal state that is clearly distinguishable by the flight crew.

Operational data and advice related to fuel consumption and range should be
provided for the critical unwanted inflight thrust reversal to assist the crew in
decision-making. These data may be supplied as simple factors or additives to
apply to normal all-engines-operating fuel consumption and range data.

7.d. Handling Qualities

7.d.(1) Probability of unwanted inflight thrust reversal greater
than 1 E-7/fh: The more critical of an engine failure [or flight with engine(s)
inoperative], and an unwanted inflight thrust reversal, should be used to show
compliance with the controllability and trim requirements of part 25, Subpart B. In
addition, the criteria defined in Section 7.d.(2), below, also should be applied. To
determine if the unwanted inflight thrust reversal is more critical than an engine
failure, the normal application of the part 25, Subpart B, controllability and trim
requirements should be compared to the application of the following criteria, which
replace the accountability for a critical engine failure with that of a critical
unwanted inflight thrust reversal:
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o FAR 25.143, “Controllability and Maneuverability -
General”

— The effect of a sudden unwanted inflight thrust reversal of the
critical engine, rather than the sudden failure of the critical
engine, should be evaluated in accordance with
§ 25.143(b)(1) and the associated guidance material.

— Control forces associated with the failure should comply with
§ 25.143(c).

o FAR 25.147, “Directional and lateral control”

— The requirements of § 25.147(a), (b), (c), and (d) should be
complied with following critical unwanted inflight thrust
reversal(s) rather than with one or more engines inoperative.

e FAR 25.149, “Minimum control speed”

— The values of V¢ and V¢ should be determined with a sudden
unwanted inflight thrust reversal of the critical engine rather than
a sudden failure of the critical engine.

e FAR25.161, “Trim”

— The trim requirements of § 25.161(d) and (e) should be
complied with following critical unwanted inflight thrust
reversal(s), rather than with one or more engines inoperative.

Compliance with these requirements should be demonstrated by flight test.
Simulation or analysis will not normally be an acceptable means of compliance for
such probable failures.

7.d.(2) Probability of unwanted thrust reversal equal to or less
than 1 E-7/fh, but greater than 1 E-9/fh: Failure conditions with a probability
equal to or less than 1 E-7/fh are not normally evaluated against the specific
controllability and trim requirements of part 25, Subpart B. Instead, the effects of
unwanted inflight thrust reversal should be evaluated on the basis of maintaining
the capability for continued safe flight and landing, taking into account pilot
recognition and reaction time. One exception is that the minimum control speed
requirement of § 25.149 should be evaluated to the extent necessary to support the
performance criteria specified in Section 7.c.(3), above, related to approach,
landing, and go-around.

Recognition of the failure may be through the behavior of the aircraft or an
appropriate failure alerting system, and the recognition time should not be less than

Page 14





Draft 3/8/99 25.933XX

one second. Following recognition, additional pilot reaction times should be taken
into account, prior to any corrective pilot actions, as follows:

e Landing.......cccocevivriiiiveniinennnne no additional delay
e Approach ..........cocceevviiinninnnn. 1 second
¢ Climb, cruise, and descent......... 3 seconds; except when in auto-

pilot engaged maneuvering flight,
or in manual flight, when 1 second
should apply.

Both auto-pilot engaged and manual flight should be considered.

The unwanted inflight thrust reversal should not result in any of the following:

e exceedance of an airspeed halfway between Vo and Vpg, or
Mach Number halfway between Myo and Mpg.

e astall
e anormal acceleration less than a value of 0g.

e bank angles of more than 60° en-route, or more than 30° below a
height of 1000 ft.

e degradation of flying qualities assessed as greater than Major for
unwanted inflight thrust reversal more probable than 1 E-7/th; or
assessed as greater than Hazardous for failures with a probability
equal to or less than 1 E-7/fh, but greater 1 E-9/th.[See AC
Action #2]

e the roll control forces specified in § 25.143(c), except that the
long term roll control force should not exceed 10 Ib.

e structural loads in excess of those specified in Section 7.b.,
above.

Demonstrations of compliance may be by flight test, by simulation, or by analysis
suitably validated by flight test or other data.

7.d.(3) Probability of inflight thrust reversal less than 1 E-9/fh:
Certification can be based on reliability alone as described in Section 8, below.

8. “RELIABILITY OPTION”: PROVIDE CONTINUED SAFE FLIGHT
AND LANDING BY PREVENTING ANY INFLIGHT THRUST REVERSAL

The following paragraphs provide guidance regarding an acceptable means of
demonstrating compliance with § 25.933(a)(1)(ii).
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8.a. General. For compliance to be established with §25.933(a)(1) by
demonstrating that unwanted inflight thrust reversal is not anticipated to occur (the
“reliability option” provided for under §25.933(a)(1)(ii)), the aspects of system
reliability, maintainability, and fault tolerance; structural integrity; and protection
against zonal threats such as uncontained engine rotor failure or fire must be taken
into account.

8.b. System Safety Assessment (SSA): Any demonstration of compliance
should include an assessment of the thrust reverser control, indication and actuation
system(s), including all interfacing power-plant and airplane systems (such as
electrical supply, hydraulic supply, flight/ground status signals, thrust lever position
signals, etc.) and maintenance.

The reliability assessment should include:
e the possible modes of normal operation and of failure;

e the resulting effect on the airplane considering the phase of flight and
operating conditions;

o the crew awareness of the failure conditions and the corrective action
required;

o failure detection capabilities and maintenance procedures, etc.; and

e the likelihood of the failure condition.

Consideration should be given to failure conditions being accompanied or caused
by external events or errors.

The SSA should be used to identify critical failure paths for the purpose of
conducting in-depth validation of their supporting failure mode, failure rates,
exposure time, reliance on redundant subsystems, and assumptions, if any. In
addition, the SSA can be used to determine acceptable time intervals for any
required maintenance intervals (ref. AC/AMJ 25.1309 and AC25.19).

The primary intent of this approach to compliance is to improve safety by
promoting more reliable designs and better maintenance, including minimizing pre-
existing faults. However, it also recognizes that flexibility of design and
maintenance are necessary for practical application.

8.b.(1) The thrust reverser system should be designed so that any
inflight thrust reversal that is not shown to be controllable in accordance with
Section 7,above, is extremely improbable (i.e., average probability per hour of
flight of the order of 1 E-9/th. or less) and does not result from a single failure or
malfunction. And

8.b.(2) Meets the requirements for Specific Risk within 25.1309.
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8.c. Structural Aspects: For the “reliability option,” those structural load
paths that affect thrust reversal should be shown to comply with the static strength,
fatigue, damage tolerance, and deformation requirements of part 25. This will
ensure that unwanted inflight thrust reversal is not anticipated to occur due to
failure of a structural load path, or due to loss of retention under ultimate load
throughout the operational life of the airplane.

8.d. Uncontained Rotor Failure: In case of rotor failure, compliance with
§ 25.903(d)(1) should be shown, using advisory materials (AC, user manual, etc.)
supplemented by the methods described below. The effects of associated loads and
vibration on the reverser system should be considered in all of the following
methods of minimizing hazards:
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8.d.(1) Show that engine spool-down characteristics or potential
reverser damage are such that compliance with Section 7, above, can be shown.

8.d. (2) Show that forces that keep the thrust reverser in stable
stowed position during and after the rotor burst event are adequate.

8.d. (3) Locate the thrust reverser outside the rotor burst zone.

8.d. (4) Protection of thrust reverser restraint devices: The
following guidance material describes methods of minimizing the hazard to thrust
reverser stow position restraint devices located within rotorburst zones. The
following guidance material has been developed on the basis of all of the data
available to date and engineering judgment.

8.d.(4)(a) Fragment Hazard Model:

8.d.(4)(a)(i) Large Fragments

e Ring Disks (see Figure 4.a.) - Compressor drum
rotors or spools with ring disks have typically
failed in a rim peeling mode when failure origins
are in the rim area. This type of failure typically
produces uncontained fragment energies, which
are mitigated by a single layer of conventional
aluminum honeycomb structure. (Note: This
guidance material is based upon field experience
and, as such, its application should be limited to
aluminum sheet and honeycomb fan reverser
construction. Typical construction consists of a
half inch thickness of .003-.004 aluminum foil
honeycomb with .030” thick aluminum facing
sheets. Alternative materials and methods of
construction should have at least equivalent
impact energy absorption characteristics).
Failures with the origins in the bore of these same
drum sections have resulted in fragments which
can be characterized as a single 1/3 disk fragment
and multiple smaller fragments. The 1/3 disk
fragment may or may not be contained by the
thrust reverser structure. The remaining
intermediate and small disk fragments, while
escaping the engine case, have been contained by
the thrust reverser structure.

e Deep Bore Disks (see Figure 4.b.) and Single
Disks (see Figure 4.c.) - For compressor drum
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rotors or spools with deep bore disks, and single
compressor and turbine disks, the experience,
while limited, indicates either a 1/3 and a 2/3
fragment, or a 1/3 fragment and multiple
intermediate and small discrete fragments should
be considered. These fragments can be randomly
released within an impact area that ranges * 5
degrees from the plane of rotation.

8.d.(4)(a)(i1)) Small Fragments (Debris): Consider
small fragments (reference AC 20-128A, paragraph 9.d.) that could impact the
thrust reverser at + 15 degrees axial spread angle.

8.d.(4)(b) Minimization: Minimization guidance provided
below is for fragments from axial flow rotors surrounded by fan flow thrust
reversers located over the intermediate or high-pressure core rotors.

NOTE: See attached Figure 5: Typical High Bypass Turbofan Low and High
Pressure Compressor with Fan Thrust Reverser Cross Section

8.d.(4)(b)(1) Large Fragments: For the large
fragments defined in Section 8.d.(4)(a)(i), above, the thrust reverser retention
systems should be redundant and separated as follows:

Ring Disks Compressor Spools:

Retention systems located in the outer barrel
section of the thrust reverser should be separated
circumferentially (circumferential distance greater
than the 1/3 disk fragment model as described in
AC 20-128A) or axially (outside the + 5 degree
impact area) so that a 1/3 disk segment can not
damage all redundant retention elements and
allow thrust reversal (i.e., deployment of a door or
translating reverser sleeve half). Retention
systems located between the inner fan flow path
wall and the engine casing should be located
axially outside the + 5 degree impact area.

Deep-bore Disk Spools and Single Disks:
Retention systems should be separated axially
with at least one retention element located outside
the + 5 degree impact area.
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8.d.(4)(b)(i1)) Small Fragments: For the small
fragments defined in Section 8.d.(4)(a)(ii), above, thrust reverser retention systems
should be provided with either:

e At least one retention element shielded in accordance
with AC 20-128A, paragraph 7(c), or capable of
maintaining its retention capabilities after impact; or

¢ One retention element located outside the x 15 degree
impact area.

9. “MIXED CONTROLLABILITY/RELIABILITY ” OPTION: Ifthe
airplane might experience an unwanted inflight thrust reversal outside the
“controllable flight envelope™ anytime during the entire operational life of all
airplanes of this type, then outside the controllable envelope reliability compliance
must be shown, taking into account associated risk exposure time and the other
considerations described in Section 8, above.

Conversely, if reliability compliance is selected to be shown within a given limited
flight envelope with associated risk exposure time, then outside this envelope
controllability must be demonstrated taking into account the considerations
described in Section 7, above.

Mixed controllability/reliability compliance should be shown in accordance with
guidance developed in Sections 7 and 8, above, respectively.

10. DEACTIVATED REVERSER: The thrust reverser system deactivation
design should follow the same “fail-safe” principles as the actuation system design,
insofar as failure and systems/hardware integrity. The effects of thrust reverser
system deactivation on other airplane systems, and on the new configuration of the
thrust reverser system itself, should be evaluated according to Section 8.a., above.
The location and load capability of the mechanical lock-out system (thrust reverser
structure and lock-out device) should be evaluated according to Sections 8.b. and
8.d., above. The evaluation should show that the level of safety associated with the
deactivated thrust reverser system is equivalent to or better than that associated with
the active system.

11. FAR Section 25.933(a)(2) COMPLIANCE: For thrust reversing systems
intended for inflight use, compliance with § 25.933(a)(2) may be shown for
unwanted inflight thrust reversal, as appropriate, using the methods specified in
Sections 7 through 10, above.
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12. CONTINUED AIRWORTHINESS:

12.a. Manufacturing/Quality: Due to the criticality of the thrust reverser,
manufacturing and quality assurance processes should be assessed and
implemented, as appropriate, to ensure the design integrity of the critical
components.

12.b. Reliability Monitoring: An appropriate system should be
implemented for the purpose of periodic monitoring and reporting of in-service
reliability performance. The system should also include reporting of in-service
concerns related to design, quality, or maintenance that have the potential of
affecting the reliability of the thrust reverser.

12.c. Maintenance and Alterations: The following material provides
guidance for maintenance designs and activity to assist in demonstrating compliance
with Sections 7 through 10, above (also reference § 25.901(b)(2) and
§ 25.1529/Appendix H). The criticality of the thrust reverser and its control system
requires that maintenance and maintainability be emphasized in the design process
and derivation of the maintenance control program, as well as subsequent field
maintenance, repairs, or alterations.

12.c.(1) Design: Design aspects for providing adequate
maintainability should address :

12.c.(1)(a) Ease of maintenance. The following items
should be taken into consideration:

e It should be possible to operate the thrust reverser for ground
testing/trouble shooting without the engine operating.

e Lock-out procedures (deactivation for flight) of the thrust
reverser system should be simple, and clearly described in the
maintenance manual. Additionally, a placard describing the
procedure may be installed in a conspicuous place on the
nacelle.

e Provisions should be made in system design to allow easy and
safe access to the components for fault isolation, replacement,
inspection, lubrication, etc. This is particularly important
where inspections are required to detect latent failures.
Providing safe access should include consideration of risks
both to the mechanic and to any critical design elements that
might be inadvertently damaged during maintenance.
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e Provisions should be provided for easy rigging of the thrust
reverser and adjustment of latches, switches, actuators, etc.

12.c.(1)(b) Fault identification and elimination:

e System design should allow simple, accurate fault
isolation and repair.

e System design personnel should be actively involved in
the development, documentation, and validation of the
troubleshooting/fault isolation manual and other
maintenance publications. The systems design personnel
should verify that maintenance assumptions critical to any
SSA conclusion are supported by these publications (e.g.,
perform fault insertion testing to verify that the published
means of detecting, isolating, and eliminating the fault are
effective).

e Thrust reverser unstowed and unlocked indications
should be easily discernible during pre-flight inspections.

e If the airplane has onboard maintenance monitoring and
recording systems, the system should have provisions for
storing all fault indications. This would be of significant
help to maintenance personnel in locating the source of
intermittent faults.

12.c.(1)(c) Minimization of errors: Minimization of errors
during maintenance activity should be addressed during the design process.
Examples include physical design features, installation orientation markings,
dissimilar connections, etc. The use of a formal “lessons learned”-based review
early and often during design development may help avoid repeating previous
errors.

12.c.(1)(d) System Reliability: The design process should,

where appropriate, use previous field reliability data for specific and similar
components to ensure system design reliability.
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12.c.(2) Maintenance Control:

12.c.(2)(a) Maintenance Program: The development of the
initial maintenance plan for the airplane, including the thrust reverser, should
consider, as necessary, the following;:

e Involvement of the manufacturers of the airplane, engine, and
thrust reverser.

e The compatibility of the SSA information and the Maintenance
Review Board Report, Maintenance Planning Document,
Master Minimum Equipment List, etc. (ref AC 25.19).

e Identification by the manufacturer of all maintenance tasks
critical to continued safe flight. The operator should consider
these tasks when identifying and documenting Required
Inspection Items.

e The complexity of lock-out procedures and appropriate
verification.

e Appropriate tests, including an operational tests, of the thrust
reverser to verify correct system operation after the
performance of any procedure that would require removal,
installation, or adjustment of a component; or disconnection of
a tube, hose, or electrical harness of the entire thrust reverser
actuation control system.

12.c.(2)(b) Training: The following considerations should
be taken into account when developing training documentation:

e The reason and the significance of accomplishing
critical tasks as prescribed. This would clarify why a
particular task needs to be performed in a certain
manner.

e Instructions or references as to what to do if the
results of a check or operational test do not agree with
those given in the Airplane Maintenance Manual
(AMM). The manual should recommend some
corrective action if a system fails a test or check. This
would help ensure that the critical components are not
overlooked in the trouble shooting process.
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e Emphasis on the total system training by a single
training source (preferably the airplane manufacturer )
to preclude fragmented information without a clear
system understanding. This training concept should
be used in the initial training and subsequent
retraining.

e Inclusion of fault isolation and troubleshooting using
the material furnished for the respective manuals.

e Evaluation of the training materials to assure
consistency between the training material and the
maintenance and troubleshooting manuals.

12.c.(2)(c) Repairs and Alterations: The Instructions for
Continued Airworthiness essential to ensure that subsequent repairs or alterations
do not unintentionally violate the integrity of the original thrust reverser system type
design approval should be provided by the original airframe manufacturer.
Additionally, the original airframe manufacturer should define a method of ensuring
that this essential information will be evident to those that may perform and
approve such repairs and alterations. One example would be maintaining the wire
separation between relevant thrust reverser control electrical circuits. This
sensitivity could be communicated by statements in appropriate manuals such as the
Wiring Diagram Manual, and by decals or placards placed on visible areas of the
thrust reverser and/or airplane structure.

12.c.(2)(d) Feedback of Service Experience: The
maintenance process should initiate the feedback of service experience that will
allow the monitoring of system reliability performance and improvements in system
design and maintenance practices. Additionally, this service experience should be
used to assure the most current and effective formal “lessons learned” design review
process possible.

12.c.(2)(d)(1) Reliability Performance: [See AC
Action # 4]

o Accurate reporting of functional discrepancies.
e  Service investigation of hardware by
manufacturer to confirm and determine failure
modes and corrective actions if required.
. Update of failure rate data. (This will require

coordination between the manufacturers and
airlines.)
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12.c.(2)(d)(ii)) Improvements suggested by
maintenance experience:

e Manuals
¢ Troubleshooting
e Removal/replacement procedures.

12.c.(2)(e) Publications/Procedures: The following
considerations should be addressed in the preparation and revisions of the
publications and procedures to support the thrust reverser in the field in conjunction
with § 25.901(b)(2) and § 25.1529 (Appendix H).

12.c.(2)(e)(1) Documentation should be provided that
describes a rigging check, if required after adjustment of any thrust reverser actuator
drive system component.

12.c.(2)(e)(i1) Documentation should be provided
that describes powered cycling of the thrust reverser to verify system integrity
whenever maintenance is performed. This could also apply to any manual actuation
of the reverser.

12.c.(2)(e)(ii1) The reasons and the significance of
accomplishing critical tasks should be included in the AMM.

12.c.(2)(e)(iv) The AMM should include instructions
or references as to what to do if the results of a check or operational test do not

agree with those given in the AMM.

12.c.(2)(e)(v) Provisions should be made to address
inefficiencies and errors in the publications:

¢ Identified in the validation process of both
critical and troubleshooting procedures.

e Input from field.

e Operators conferences.
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12.c.(2)(e)(v1) Development of the publications
should be a coordinated effort between the thrust reverser, engine, airplane

manufacturers and airline customers especially in the areas of:

s AMM

Troubleshooting

Fault isolation

e Maintenance data computer output

e Procedure Validation

Master Minimum Equipment List

12.c.(2)(e)(vii) Initial issue of the publication should
include the required serviceable limits for the complete thrust reverser system.

13. FLIGHT CREW TRAINING: In the case of compliance with the
“controllability option,” and when the nature of the inflight thrust reversal is judged
as unusual (compared to expected consequences on the airplane of other failures,
both basic and recurrent), flight crew training should be considered on a training
simulator that is equipped with thrust reverser inflight modelization to avoid flight
crew misunderstandings:

13.a. Transient maneuver: Recovery from the unwanted inflight thrust reversal.

13.b. Continued flight and landing: Maneuvering appropriate to the
recommended procedure (included trim and unattended operation) and precision tracking
(ILS guide slope tracking, speed/altitude tracking, etc.).
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Mr. Craig R. Bolt

Manager, Product Development and Validation
Pratt & Whitney

Mail Stop 162-12

East Hartford, CT 06108

Dear Mr. Bolt:

In an effort to clean up pending Aviation Rulemaking Advisory Committee (ARAC)
recommendations on Transport Airplane and Engine Issues, the recommendations
from the following working groups have been forwarded to the proper Federal
Aviation Administration offices for review and decision. We consider your submittal
of these recommendations as completion of the ARAC tasks. Therefore, we have
closed the tasks and placed the recommendations on the ARAC website at
http://www.faa.gov/avr/arm/arac/index.cfm

Date Task Working Group
December Interaction of Systems and Loads and Dynamics
1999 Structure Harmonization Working Group

Part 33 Static Parts

March 2000 | Part 35/JARP: Airworthiness Engine Harmonization Working
Standards Propellers Group

April 2000 Flight Characteristics in Icing Flight Test Harmonization Working
conditions Group

May 2000 Thrust Reversing Systems Powerplant Installation
Harmonization Working Group

September Lightning Protection Electromagnetic Effects

2000 Requirements Harmonization Working Group

July 2001 Main Deck Class B Cargo Cargo Standards Harmonization
Compartments Working Group

April 2002 Design Standard for Flight Flight/Guidance Systems
Guidance Harmonization Working Group

I wish to thank the ARAC and the working groups for the resources they spent in
developing these recommendations. We will continue to keep you apprised of our
efforts on the ARAC recommendations at the regular ARAC meetings.

Sincerely,
Anthony F. Fazio

Executive Director, Aviation Rulemaking
Advisory Committee
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This regulation has been the discussion of many certification activities since it was
adopted and in many cases the criteria could not be fully satisfied requiring
exemptions of the rule. In addition, this rule is not harmonized between the FAA
and EASA resulting in further disconnects between manufacturers. Therefore, all
specific risk criteria have been eliminated from the rule and it is recommended
that a similar task be done in the guidance.

However, it was agreed within the group that there was not adequate knowledge
in the ASAWG of the criteria that went into the definitions related to a potential
ignition source and how probabilities are related to these. The requirements
provided in FAR/CS 25.1309(b) and the guidance of Arsenal Draft of AC/AMC
25.1309 are considered to provide adequate coverage for latent failure conditions.

6.4.1.3 Benefits of the Recommendations

ASAWG has made trade offs between invalidating existing designs, increasing the
analytical burden and being conservative when deriving the recommended airplane
level specific risk criteria. The key benefit Industry saw after several years of review
and discussion was harmonization and consistency across all systems and between
various regulation bodies. Unlike previous working groups that were tasked to
respond to a specific event or threat that had occurred, this effort is more of a
harmonization across the aircraft and regulatory bodies. Therefore, the identification
of potential measurable safety benefits was not identified.

The proposed changes:

e Eliminates the inconsistent application of various residual risk criteria via IPs and
CRIs ranging from 1E-3 to 1E-6. Manufacturers and Regulators alike spend
excessive time early in the airplane development cycle negotiating these based
on their specific airplane and system designs. The cost related to this was
impractical for the manufacturers and regulators to quantify but involve both non-
recurring labor cost and recurring equipment costs.

¢ Increases safety by providing applicants and regulators clear guidance that can
be applied consistently across systems.

¢ Avoids non-standardized system safety assessments across various critical
systems making it hard to properly evaluate at the aircraft level, which could
cause conflicting interpretations for conducting system safety assessments in
aircraft certification programs, Currently, manufacturers performing aircraft level
analysis or highly integrated system level analysis based on the worst case
criteria. This has the potential to add cost and complexity to the systems. The
actual value of this savings could not be quantified when looking at existing
systems.

e Provides for an acceptable level of safety across all systems and applications.
This is intended to be adequate for coverage of all systems related to specific risk
and minimize the generation of new rules, special conditions, IPs, CRIs, etc..., in
the future.
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6.4.1.4 Costs Impacts of the Recommendations

All the members of the ASAWG were requested to provide a Cost and Benefits (C/B)
analysis in 2010 US dollars based on the proposed changes. The electronic suppliers
abstained from the process on the basis they respond to the airframer’s requirements
and any cost would be shown at that level. The engine suppliers did not provide any
C/B analysis but one did provide a dissenting opinion (see Section 6.4.1.6) that was
later addressed and closed with all the engine manufacturers supporting the
proposal.

When reviewing the costs associated with the changes, manufacturers reviewed
existing certified aircraft and determined what system or maintenance interval would
be changed through the review of already released fault trees. The cost provided
below is the cost to bring that airplane up to the proposed changes. Change cost
was considered conservative but appropriate because many times manufacturers try
to carry system designs forward to new models.

Likewise, potential savings that could be realized in systems that were driven by the
more stringent requirements that got applied on an applicant by applicant basis or
were the existing system level requirements have actually been relaxed was
considered minimal. The rationale for this position was again the practice of the
manufacturers not to make changes to already certified designs that could still be
applied to a new product.

The cost benefit analysis performed by the various airfframe members of the Working
Group could be categorized into three unique responses:

e Large aircraft over 100,000 Ibs
e New Business FBW aircraft

e Smaller Business Jet aircraft

» Large aircraft over 100,000lbs:

Airbus, Boeing and Embraer are the airframers that make up this sub-group. In
all cases they identified potential impact to operations and/or the design of the
aircraft. There were two methods recognized to resolve any impacts caused by
the changes recommended. One was to change the design practices that were
previously applied to existing aircraft resulting in potential increase in the cost of
the aircraft and the other was to change maintenance intervals thus impacting the
operational cost of the aircraft. These two methods are not exclusive of one
another and because design philosophies vary from one airframer to another they
will not be consistent from one another. However, there was a definitive resultant
impact that can be derived from the three C/B analysis provided, they are:

e Design Impacts:
o Total Non-Recurring Cost per Model range from $13M to $20M.
o Total Recurring Cost per Airplane range from $34K to $70K.

e Operational Impacts:
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o Added Maintenance Cost per Airplane per year is approximately $800.
o Added Fuel Burn per Airplane per year range from $2K to $3K.

The detail cost analysis worksheets that went into this summary are located in
Appendix A section 6.4.5.1.

New FBW aircraft operating mainly under Part 91 and 135:

Dassault and Gulfstream provided the C/B analysis for this sub-group. For these
two manufacturers, the only cost impact identified was a one time nonrecurring
cost to update the policies and procedures to include automated software used to
perform the analysis. Dassault identified this cost to be on the order of $100,000.

The detail cost analysis worksheets that went into this summary are located in
Appendix A section 6.4.5.2.

Smaller aircraft operating mainly under Part 91 and 135:

There are several manufactures that make up the working group that have aircraft
in this category; however, only one identified potential cost they may incur in
future aircraft development. Their costs were:
e Design Impacts:
o Total Non-Recurring Cost per Model was approximately $9M.
o Total Recurring Cost per Airplane was approximately $1.6M.
e Operational Impacts:
o Added Maintenance Cost per Airplane per year is approximately $25K.
o Added Fuel Burn per Airplane per year is approximately $60K.

The detail cost analysis worksheets that went into this summary are located in
Appendix A section 6.4.5.23.

6.4.1.5 Alternatives considered and why they weren’t chosen

The alternative of not making any of the changes described in section 6.4.1.2 was
considered at each step of the review and recommendation development process of
this tasking. In each case, the pros and cons were identified and recorded in the
report under Task 2 and Task 3. The final Latent Task 4 change recommendation
was established by taking into account the comments from all organizations as
received during Task 4. There were only two areas that were identified in Task 3 for
potential change that did not finally result in a change recommendation. They were
FAR/CS 25.783 and FAR/CS 25.1709.

No change to FAR/CS 25.783:
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Rationale:

As of today, FAR/CS 25.783 does not have latent specific risk criteria included in
the rule. Though there was numerous safety requirements, both quantitative and
qualitative, for fuselage doors, the Working Group did not see any peculiar
requirements other than employing the average risk and no single failure criteria
of FAR/CS 25.1309. It was also recognized by the Working Group, that applying
specific average risk or no single failure safety design criteria to specific features
within a specific functional area was appropriate. Section 25.783 requires that
"Each door that could be a hazard if it unlatches must be designed so that
unlatching during pressurized and unpressurized flight from the fully closed,
latched, and locked condition is extremely improbable." In addition, the failure
criteria in 25.1309(b)(4) would apply to any door whose opening would be

catastrophic.

> No change to FAR/CS 25.1709:
Rationale:

As of today FAR/CS 25.1709 does not have latent specific risk criteria included in
the rule.

The FAR/CS 25.1709 is new and was never applied up to now. ASAWG sees the
need for getting experience from first applications before any change should be
foreseen.

The AC/AMC 25.1709 is giving means of compliance for the FAR/CS 25.1709.
These means of compliance are giving quite detailed recommendation how to
comply with FAR/CS 25.1709 in a qualitative approach, but there is no
recommendation to comply in case of quantitative aspects. Any future foreseen
change for the FAR/CS 25.1709 should lead also to detailed changes for the
AC/AMC 25.1709 to make possible a consistent interpretation regarding
appropriate means of compliance.

6.4.1.6 Dissenting Opinion and Discussion

6.4.1.6.1 Cessna
Cessna submitted the following dissenting opinion:

Cessna has the unique position of being the only aircraft OEM to certify three all new
business jets using the process spelled out in SAE ARP 4761 as a means of showing
compliance to 1309. At the same time, Cessna was the only aircraft OEM to vote NO
on the latent section on the Task 4 report. The purpose of this dissenting opinion is
to explain why.
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It has not been demonstrated to Cessna that the following proposed AC and rule
change results in a net safety increase or that it can be supported by a cost benefits
analysis:

“25.1309 b(4) For each catastrophic failure condition that results from two failures,
either of which is latent for more than one flight, it must be shown that -

(i) Given any single latent failure has occurred, the combined probability per flight
hour of catastrophe due to any subsequent single failure is remote; and

(i) The probability of occurrence of the latent failure is on the order of 1/1000 or less.”

Typical fault trees today used to show compliance to 1309 contain well over 1000
basic events; several hundred of those basic events may be latent. While the
proposed AC changes do “bound the problem” and limits the “what if's” to be
considered, the applicant is forced to analyze and document the “bounded” cut sets.
If the AC “bounds the problem” as stated in the Task 4 report, then typically there are
100 cut sets of interest for each catastrophic functional failure condition. Since each
all new aircraft has close to 100 catastrophic functional failure conditions, the
proposed process results in ~10,000 cases to look at (100 cut sets times ~100
functional failure conditions). While the fault tree program generates these, the cut
sets have to be exported into another program (i.e. spreadsheet) and additional
analysis has to be generated and documented.

Of course, as stated in the report “An alternative but more conservative method
would be to rerun the fault tree probability calculation assuming for each model rerun
that a different latent basic event had failed”. It is clear to Cessna, that no applicant
will run and document ~10,000 additional fault trees.

In the spring of 2009, Cessna ran a test case to evaluate the costs and benefits of
this activity. The aircraft used for this evaluation was Cessna’s most recent all new
part 25 aircraft. The process this aircraft was evaluated against was the leading
contender the ASAWG group was proposing. Cessna’s estimate is that it would take
close to 2 million dollars to complete and document the analysis for an all new
business jet aircraft. The “final” method published in the ASAWG task 4 report is 3 to
4 times more “work intensive” than what was run in the 2009 trial. Our “final”
estimate to conduct this analysis on a part 25 business jet is 6 to 8 million dollars.
For Cessna, this is about half the retail cost of a new part 25 aircraft.

It should be pointed out that all 110 catastrophic functional failure conditions were
examined and none of them were flagged as being “non compliant” to the proposed
rule. Cessna’s position is that this is an additional cost without a proportional safety
benefit for part 25 business jets. Cessna can not support spending an additional 6 to
8 million dollars on certification when the result of the additional cost does not provide
any safety benefit. Cessna is not taking this position because it has a tried and true
design that would no longer be compliant. Cessna is taking this position because the
documentation that Cessna would have to produce to show compliance is not
supported by a cost benefits analysis and outweighs any gain to be had by the
“harmonization and consistency” the Task 4 report proposes.

In some non-ETOPS two engine applications, it should be pointed out that if a latent
failure causes an in flight shut down of an engine, the other engine will not be able to
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meet the remote criteria of 1e-5. Most non-ETOPS part 25 engines have a failure
rate close to 2~3e-5 per flight hour. When this is summed with the other residual
risks, it is clear that the design will not support the requirement. This will introduce
redundancy (a third engine) or system complexity (monitoring that has to be better
than 2~3e-5). This will likely have an adverse effect on safety since most accidents
are not caused by system failures, but by the crew not responding to a system fault
correctly.

Finally, the ASAWG group failed to address the case where one latent combines with
more than one active in more than one catastrophic functional failure condition. To
demonstrate, let us assume that the same latent appears in a landing gear and flight
controls catastrophic functional failure condition cut set listing that needs to be
evaluated. In this example, the report does not address what the applicant would do,
and it is open to interpretation. Since this is not explicitly addressed in the report,
proposed preamble or proposed AC, Cessna is very concerned that the regulators
would force the applicant to show that the total residual risk summed across all the
functional failure conditions where the latent occurs is remote. In this case, our cost
estimate would increase by 2 million to between 8 and 10 million dollars, or half the
retail cost of a part 25 business jet, without a safety benefit.

ASAWG disposition of Cessna Dissenting opinion:

This response to Cessna's dissenting opinion is not a point by point rebuttal but more
of a philosophical and general industry response.

First, the comment that Cessna is the only "aircraft OEM to certify three all new
business jets using process spelled out in SAE ARP 4761 as a means of showing
compliance to 1309." is not relevant and is misleading. First, both Airbus and
Dassault have both certified Part 25 aircraft not only to the tools called out in
ARP4761 but to the system engineering process called out in ARP4754 and the
"diamond" version of AC/AMC 25.1309. In addition, both Boeing and Gulfstream
have mature Part 25 aircraft certification programs ongoing with the FAA using both
ARP4761 and ARP4754 modified to reflect the latest changes being made in
Revision A of ARP4754 and CS25.1309. Finally, the focus of the ASAWG efforts
have been harmonization from one system requirement to another as it relates to the
aircraft system level requirements of 14CFR 25.1309. The fact that specific and
unique safety analysis over and above the requirements of 25.1309 and AC 25.1309-
1A must be performed for systems such as flight controls, thrust reversers, engines
etc. is not addressed by Cessna.

In the cost analysis reviews done by all the current airframe manufacturers
developing Part 25 aircraft it was recognized that there would be potential increase in
scope and work related mainly avionics systems. However, because of the
increasing integration and complexity of avionics support of flight controls, engine
control, thrust reverser deployment, etc. the potential increase was acceptable
provided the criteria established was completely implemented such that no existing or
new system peculiar specific risk criteria for latent conditions would be specified on
new projects.

Finally, to respond to Cessna's two concerns about implementation of the

recommended rule. First, the engine example was reviewed in great detail with all

four of the engine manufacturers expressing their concerns. The discussion on GE's
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dissenting opinions is examples of these discussions of concerns and how they were
resolved and dealt with. The qualitative term "remote" was used in the proposed
14CFR 25.1309(b)(4)(i) in lieu of a quantitative term such as less than 1E-5 to permit
the OEMs and regulators to use the historical application of "remote" to mean "of-the-
order-of" or "on-the-order-of" thus recognizing the potential for state of the art
engines satisfying the requirement by being 2 or 3 E-5.

Cessna's final concern of a latent failure condition in a functional system that
supports several aircraft systems that have independent catastrophic conditions was
raised during Group discussions and the residual risk criteria from 25.1309(b)(4) is
clearly seen as limited to one failure condition and has not to be applied across
several failure conditions, where the same latent failure occurs. The proposed
25.1309(b)(4) starts therefore with "For each catastrophic failure ....".

For the reasons stated above, the ASAWG still sees merit in supporting the proposed
changes to address latent specific risk in lieu of the concerns and cost that Cessna
has identified.

6.4.1.6.2 EASA
EASA submitted the following dissenting opinion:

Ref: Section 6.4.1 of the draft ASAWG Final report produced after Cologne Meeting

The following documents EASA dissenting opinion on one particular aspect of the
latent failure proposal regarding modification of 25.933(a)(ii) and associated advisory
material.

This must be understood in the context of CS-25 updating following the
recommendations from the ASAWG. It also relates to the particular situation of CS-25
(compared to FAR 25) where many of the previous recommendations coming from
ARAC SD&A HWG and PPIHWG have already be incorporated, notably the 25.1309
one and the associated AC/AMC “Diamond” version as proposed by the SD&A HWG,
25.901 and 25.933 as proposed by the PPIHWG.

EASA is supportive of the concept of having an aircraft level harmonized approach
for dealing with specific risk/latent failures.

As part of the latent failure task package, the ASAWG group proposal introduces a
new 25.1309(b)(4) that specifies acceptable criteria for limiting latency/residual risk
for a catastrophic failure condition resulting from the specific combination of two
failures either of which can be latent for more than one flight.

The other aspects like minimization of latent failures, elimination of those latent
failures whenever judged practical and considerations of multiple latents in
combination with a single active have been included in the AC, but not formally
covered in the rule following the deliberations of the Working Group.

Proposed revision to 25.933(a)(1)(ii) makes direct reference to compliance with
25.1309(b)(1) & (b)(4) for in-flight thrust reversal when “reliability option” is chosen.
The AC/AMC FARFAR 8(b)(2) and 8(b)(3) “specific risk” criteria are proposed to be
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deleted and reference is made to AC/AMC 25.1309 provisions that deal with
25.1309(b)(4) compliance.

As formally proposed, the revision to 25.933(a)(1)(ii) could be seen as a reduction of
safety compared to what is currently achieved by compliance with CS
25.933(a)(1)(ii). This is mainly driven by the fact that the proposed 25.1309(b)(4) only
addresses the combination of two failures, either of which could be latent.

Existing FAR 8(b)(2) would not allow for the configuration regulated through
25.1309(b)(4) (there should not be a combination of one active and one latent that
results in in-flight thrust reversal). Existing FAR 8(b)(3) limits latency exposure for
cases of three failures or more. Both paragraphs relate to currently accepted
practices that have been shown to be practical and also introduced to cover adverse
service experience.

Based on the currently proposed 25.1309(b)(4), provisions of the existing AMC
FARFAR 8(b)(2) and 8(b)(3) should be kept as providing a clear reference of
currently accepted practices for thrust reversers.

Other options may be available in case a more robust 25.1309(b)(4) is introduced.

ASAWG disposition of EASA Dissenting opinion:

When developing SR criteria and methodologies it was recognized by the ASAWG
that the most conservative standard would not necessarily be adopted. Each area of
design: Flight controls, TRs, etc had what was thought to be an acceptable standard
and means of compliance for critical failure conditions. To state that the level of
safety for 25.933 is unacceptably compromised implies that other existing standards
today are unsafe. This is not a view shared by those other disciplines.

Dissent relates to acceptable standard, reference T/Rs. See response to FAA
OPINION #2.

6.4.1.6.3 FAA
FAA dissenting opinion and ASAWG disposition:

OPINION #1:

The FAA has concerns about the term “on the order of” directly being in the rule. It
makes little sense to define a specific numerical threshold and then intentionally
make it vague. This will lead to the obvious question: what does “on the order of”
mean numerically? The example in the Appendix clearly shows the intent is not to
exceed the 1/1000 criterion, except in rare cases whose rationale can be presented
as illustrated in the last sentence of this paragraph.

In lieu of using “on the order of,” the FAA would prefer to preface the 25.1309(b)(4)(ii)
requirement with “Unless otherwise approved by the authority.” This would achieve
the same objective, which is flexibility in rare cases.

ASAWG disposition to OPINION #1:
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There was a lot of discussion over 3 years in the Group with the use of qualitative
terms (e.g. Probable, Improbable, Remote, Extremely Remote, and Extremely
Improbable) in lieu of the quantitative terms (see the preamble in Section 6.4.1 for
more discussion on this). However, the use of qualitative term "probable" to mean
"of-the-order-of 1E-3 or less" was not acceptable because the term "probable" is
used several ways so the actual definition used in AC/AMJ 25.1309 was used as the
requirement. The term "of-the-order-of* has been used in the Industry since
Amendment 25-23 was released to 14CFR25 in 1970.

OPINION #2:

As stated at meeting #14 in Cologne, we agree with this AC material that “whenever
practical, these latent failures should be avoided.”, but we are concerned this will not
be enforceable and is “rulemaking by AC” given the intent of the AC material.
Moreover, EASA and FAA both conveyed to the WG that without a means to back
this up, the level of safety provided by the ARAC 25.933 recommendation could be
unacceptably compromised. We re-iterate the necessity and importance of having a
rule requiring elimination or minimization of significant latent failures unless
impractical.

ASAWG disposition to OPINION #2:

The first part of dissent relates to enforcement of minimization criteria. The
application of fail safe design philosophy as well as minimization of latency has been
enforced by Industry for a number of years though it is not a rule. The rationale by the
Group was to develop a minimum quantitative criterion that could be applied to all
systems. The establishment of this quantitative requirement was in response to
Industry's desires to have a known boundary that can be black and white and that
cannot be passed. Minimization statements are too open but are recognized as good
design practices and one that Industry implements. This is the reason for not putting
an undefined term in the regulation; the minimum requirement is in the regulation.

The second part of dissent relates to acceptable standard. When developing SR
criteria and methodologies it was recognized that ASAWG would not necessarily
adopt the most conservative standard. Each area of design: Flight controls, TRs, etc
had what was thought to be an acceptable standard and means of compliance for
critical failure conditions. To state that the level of safety for 25.933 is unacceptably
compromised implies that other existing standards that do not employ the same
criteria as the thrust reversers are not as safe as the thrust reversers. This is not a
view shared by those other disciplines and why combinations of several of these
standards were used to derive the final recommendation.

OPINION #3:

The FAA continues to believe that revising AC 25.629-1A should only be done after
consulting with the flutter community.

We therefore ask that each OEM represented on the ASAWG contact their flutter
experts and explain the ASAWG proposed changes to 25.671 and 25.1309 and
associated guidance, and the proposed solution for AC 25.629. The ASAWG-
proposed change to AC 25.629 should be discussed as well as the FAA proposal,
shown below. We also ask that those flutter experts, or appropriate representatives,
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then contact Todd Martin (todd.martin@faa.gov) to provide their opinion on changes
to AC 25.629.

FAA-proposal for AC 25.629-1A, Section 5.c.(3)(c):

“‘Any damage or failure conditions considered under FARFAR 25.571, 25.631,
25.671, and 25.1309.

The actuation system minimum requirements should also be continuously met after
any combination of failures not shown to be extremely improbable (occurrence less
than 10-9 per flight hour). However, certain combinations of failures, such as dual
electric or dual hydraulic system failures, or any single failure in combination with
certain electric or hydraulic system failures, are not normally considered extremely
improbable based on service history. Therefore, a qualitative assessment should also
be conducted in addition to the quantitative assessment. The latent failure criteria of
FAR 25.1309(b)(4) must also be considered. The reliability assessment should be
part of the substantiation documentation.”

ASAWG disposition to OPINION #3:

The concern that the flutter communities are not involved is not understood by the
ASAWG. The ASAWG Industry members have been coordinating the proposed
changes with the various functional organizations within their respective Companies
since the beginning and is the reason for highlighting in the case of flutter 14CFR
25.629 and AC 25.629-1A for change.

The FAA proposal seems to want to retain specific risk criteria for active — active
failure combinations, i.e. certain active — active failures that are not extremely
improbable based on service history. This may be problematic if it is interpreted that
ALL single failures in combination with certain electric or hydraulic system failures are
not extremely improbable. It is far better to follow the 1309 AC process in making this
determination. It is consistent with generating a standard means of compliance which
was one of the primary objectives of the ASAWG.

OPINION #4:

Firstly, the proposed wording for (iii) developed in Cologne would need to be
modified, as shown below, to be consistent with the ASAWG intent and the proposed
AC 25.671 changes.

In the presence of a jam considered under this sub-paragraph, any single latent
failure state that could prevent continued safe flight and landing when combined with
the jam must satisfy the specific risk criteria of FAR/CS 25.1309(b)(4)(ii).

Secondly, even with this change, the FAA does not agree to change the FCHWG
recommendation on 25.671(c)(3) for the following reasons:

(1) While the FCHWG proposal was deliberated exhaustively by numerous

organizations and disciplines, there’s been no such deliberation on the ASAWG
proposal as it was developed near the end of the Cologne meeting;
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(2) the FCHWG proposal specifically addresses jams, which are a unique
phenomena for which unique criteria are appropriate - the 1/1000 criterion would
essentially apply to jam alleviation systems; (3) it would be more clear to simply state
the requirement in 25.671(c)(3) rather than point to a subparagraph of 25.1309.

The FAA will deliberate further on both the FCHWG and ASAWG proposals for
25.671(c)(3), and will work with the authorities to develop the final harmonized
proposal.

ASAWG disposition to OPINION #4:

The suggested change would limit the scope of latent specific risk to only the specific
risk portion and not include residual risk. Per the definition in the FCHWG AC jams
are considered a type of failure and include jam valves, etc; therefore, this condition
should not have peculiar criteria. For the jam conditions resultant from external
events then the ASAWG does concur with the FAA’s response in those conditions
are “unique phenomena” and should be covered under the proposed AC/AMJ
25.1309 paragraph 11g or even in a peculiar criteria under 25.671 and can be
appropriately handled by the FCHWG. As stated before, the intent is not to have
specific application for one system but not another so the general reference to
FAR/CS 25.1309(b)(4) and not just FAR/CS 25.1309(b)(4)(ii).

The statement that the CFR 25.671 was not discussed exhaustively does not seem
relevant. The specific risk criteria have been discussed exhaustively and therefore
the only relevant question would seem to be are the SR criteria applicable to this rule.
Is it a latent plus one failure condition? It is not clear whether the second point is
implying that 1/1000 criteria should be applied at the system level rather than the
basic event level. However this would be inconsistent with ASAWG objectives.

6.4.1.6.4 Garmin
Garmin submitted the following dissenting opinion:

OPINION #1:
Section 6.4.1 Last paragraph:
Comment: Should not the comma after the word “yet” be after the word “aircraft”?

Dissent: If the change is not significant but some additional rules not in the existing
airplane certification basis are determined necessary for the STC has not the
applicant got a new certification basis for those aircraft affected by the STC? Garmin
would say yes and per this wording would have to pick up the SR rule.

Recommendation: Finally, because these changes provide no measurable safety
reduction at the aircraft, yet include the general system requirements provided in
FAR/CS 25.1309 that are applicable across all systems, they should not be applied
retroactively. For changes to existing TC/STC, the application of this proposed
amendment of FAR/CS 25.1309 and associated guidance should only be required for
those changes determined to be significant as defined by FAR/CS 21.101(b).
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ASAWG disposition to OPINION #1:

This was the intent of this paragraph. It is the understanding of the ASAWG that
when an applicant decides to step up to new regulations and/or guidance when not
required to per 14CFR21.101(b) that these type of specific certification basis issues
would be discussed and resolved as part of the applicants submittal of the change as
not significant.

OPINION #2:
Section 6.4.1.1.1 Add to Arsenal Draft of AC/AMC 25.1309, Section 9.b.(6):

Dissent: Section 9.b.(6) of the proposed AC can be interpreted to be more severe
than the quantitative requirements of the regulation. As written, even if the
applicant’s design is triple redundant or better (e.g. 2 latents plus an active), it may
still not be viewed as sufficient even though all aspects of the rule had been satisfied.
What is sufficient seems to be is subjective and unbounded other than the E-12
statement. During the final stages of the design substantiation the regulatory
authorities could review the SSA and in theory could request additional redundancy.
Since adequacy is subjective and unbounded, the application may differ from ACO to
ACO. This falls short of the committee objective to standardize the treatment of
specific risk management.

Recommendation: It is recommended that the 25.1309 (b) (4) rule or AC 25.1309
guidance be revised to limit the addition of redundancy to dual failure conditions
where a latent failure is present for more than one flight. This is still consistent with
the guidance for 25.629 and 25.933. Given that CFR 25.629, 25.933 and 25.981
together addresses no more than three catastrophic failure conditions out of the total
that has to be evaluated by all rules such as 25.671 and 25.1309, this
recommendation does not deviate from the ASAWG objective of adopting a
consistent certification standard. The quantitative requirements of 25.981 were not
considered warranted by the ASAWG when compared to current evaluation
performed for the majority of critical systems.

ASAWG disposition to OPINION #2:

The criteria developed in the proposed section of AC/AMC 25.1309 Section 9(b)(6)
was derived from the current AC/AMJ 25.1309 that EASA has implemented over the
past several years and on two already certified aircraft. Garmin's position is the
opposite of the regulators concern of the guidance not going far enough and not
being in the regulation. The ASAWG felt this qualitative approach as implemented by
EASA over the past several years has worked with minimal concern. The need to
understand latent failure modes that are involved in a catastrophic condition is just
good design practices and the proposal provided by the ASAWG is no more than an
appropriate design organization will do internally.

6.4.1.6.5 General Electric
GE dissenting opinion and ASAWG disposition:
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The following is ASAWG's response to GE's dissenting opinion with GE's position in
italics and green color. Since the development of this response, GE has reviewed
the proposal and discussed with the other engine manufacturers on the ASAWG. GE
currently concurs, that modern engine designs have good latency and residual risk
levels on a fleet average basis and manage to appropriate deterioration levels.
However, GE still has some concerns with the actual implementation, given that the
specific risk of concern definition is too broad, potentially driving system complexity or
maintenance action for new certifications that could be overly conservative and
impact reliability more than they improve safety.

» Certification Inconsistencies

“The primary ASAWG position has been that specific risk work was to address
inconsistencies in the certification process, and was not addressing known accidents
that could have been avoided with specific risk. While GE agrees that the FAA and
other authorities should treat all applicants consistently, we disagree that consistency
should require the exact same methodology to be used for mechanical and electronic
systems, as an example. Mechanical systems with well understood revenue service
experience have been safely certified to differing requirements than more
complicated electronic systems.”

ASAWG was specifically restricted from considering the role of specific risk in
historical accidents. We were tasked to harmonize the specific risk analysis methods
and criteria across all aircraft system. However, it is recognized that, while the criteria
should be the same regardless of the technology utilized, there will be differences in
acceptable methodologies as a function of the technology, novelty and complexity.
These accommodations are already inherent within the AC25.1309 guidance.

» Golden Rule Numbers

“It was stated that specific risk changes were not intended to change the < 1E-9 level
for average fleet risk. From the beginning, definitions for “specific risk “and “specific
risk of concern” were not accurate. As a result, the latency and residual risk numbers
would drive the fleet average risk lower than 1E-10. GE’s primary issue is with the
numerical values defined in what was referred to as the “Golden Rules. The minimum
latency should have been no lower than 1E-2, instead of 1E-3. The minimum residual
risk should have been 1E-4, instead of 1E-5.

For example, the ETOPS upper limit of 0.02 IFSDs per 1000 flight hours that the
industry has been safely managing to, translates to a potential residual risk of 2E-5
when left with one engine. An engine just meeting ETOPS criteria, IFSD rate of 5E-5
to 2E-5/hour, would fail the golden rule on residual risk. This is a simple example
that illustrates how the more restrictive specific risk numbers would drive the fleet
average risk lower than 1E-10, and preclude the use of design architectures which
have already demonstrated their safety over decades.”
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March 1, 2010



Dear ASAWG Chairs:



As a follow up to our presentation at the November 2009 ASAWG meeting, GE Aviation would like to submit the following dissenting position for the Latent & Active Task results with regard to latency and residual risk.  The proposed CFR 25.1309 and related rulemaking changes, from a cost benefit analysis, would drive significant design, manufacturing, and maintenance cost into jet engines, with no substantiated safety impact on airline operation.


Certification Inconsistencies


The primary ASAWG position has been that specific risk work was to address inconsistencies in the certification process, and was not addressing known accidents that could have been avoided with specific risk.  While GE agrees that the FAA and other authorities should treat all applicants consistently, we disagree that consistency should require the exact same methodology to be used for mechanical and electronic systems, as an example.  Mechanical systems with well understood revenue service experience have been safely certified to differing requirements than more complicated electronic systems.


Golden Rule Numbers


It was stated that specific risk changes were not intended to change the <1.0E-9 level for average fleet risk.  From the beginning, definitions for “specific risk “and “specific risk of concern” were not accurate.  As a result, the latency and residual risk numbers would drive the fleet average risk lower than 1.0E-10.  GE’s primary issue is with the numerical values defined in what was referred to as the “Golden Rules.  The minimum latency should have been no lower than 1.0E-2, instead of 1.0E-3.  The minimum residual risk should have been 1.0E-4, instead of 1.0E-5.  


For example, the ETOPs upper limit of 0.02 IFSDs per 1000 flight hours that the industry has been safely managing to, translates to a potential residual risk of 2.0E-5 when left with one engine.  An engine just meeting ETOPs criteria, IFSD rate of 5E-5 to 2E-5/hour, would fail the golden rule on residual risk.  This is a simple example that illustrates how the more restrictive specific risk numbers would drive the fleet average risk lower than 1.0E-10, and preclude the use of design architectures which have already demonstrated their safety over decades. 


Specific Risk of Concern


GE also has issues with the definitions associated with several terms used by the ASAWG.  To define “specific risk of concern” as “the risk is greater than the average probability criteria provided in AC 25.1309 Arsenal for hazardous and catastrophic failure conditions” is incorrect since much of the 3 sigma risk deviation above the average occurs frequently and is no problem.  By definition, half of any fleet will have risk above average. The specific risk of concern should be limited to particular conditions that exceed 1.0E-4.  Again, this is a simple example that illustrates how the definition of specific risk of concern would drive the fleet the average risk lower than 1.0E-10.


Specific Risk Cause and Affect


GE believes that the lack of identified accidents with root cause factors related to specific risk, supports the position that the real risk is a failure to model the unknown or unsuspected cause factors, or to correctly classify the severity of an effect, which out weighs specific risk concerns.  Setting challenging latent and residual risk numbers will not protect against the failure to model what is unknown or not suspected to happen.  FMECA models only model what is known. 


Cost Benefit Analysis


Finally, a cost-benefit analysis would show the industry driving very significant costs into design, manufacture, and maintenance of engines with no measurable safety benefit and a probable loss in system reliability if additional redundancy or monitoring is added.  Again, the ASAWG “certification consistency” approach, with no identifiable safety benefit, has no cost benefit to off set the increased cost of certification, increased maintenance cost, and an increase in the disruptions to revenue service.  


As noted above, the Golden Rules could prevent certification of any future twin-engine aircraft. This would introduce very significant costs to operators. Furthermore, certification will cost more due to the increased analysis of systems that do not pass the 1E-12 screening filter.  For example, any progressive deterioration or loss of margin that might, in an envelope corner point with a thrust increase to Max. Continuous power, could lead to a second IFSD.  An aerodynamic loss of stall margin, a loss of EGT margin, reduced thrust due to an air leak which opens up more under high power, a cracked blade which propagates to separation under high thrust, an electrical connection which gets more vibration at higher power, giving an intermittent fault, or a hot duct leak onto a fire detector are examples of latent conditions.   Use of the Golden Rules would require either a proof that the hypothetical failure could never result in an IFSD, or significantly more analysis and monitoring or CMRs to limit their probability/latency period.  Conservatively, the added design and analysis could add several million dollars to a new engine program.


With the addition of any new redundant or system monitoring features to limit the maintenance impact, comes a reduction in system reliability.  Therefore, whether an operator pays for additional system complication or elects to increase maintenance or reduce maintenance intervals, the economic impact drives millions of dollars of cost to the airline operators.


As an engine manufacturer, it is difficult to see where there is any cost benefit to the current certification process.


Summary


GE Aviation respectfully disagrees with the Latent & Active Task results with regard to latency and residual risk.  The minimum latency should have been no lower than 1.0E-2, instead of 1.0E-3.  The minimum residual risk should have been 1.0E-4, instead of 1.0E-5.  Moreover, GE Aviation only sees added design, certification, and maintenance cost with no measurable impact on safety.


A better solution to address specific risk is the current AC39-8, Continued Airworthiness Assessment of Powerplant and Auxiliary Power Unit Installations of Transport Power Aircraft, and CAAM, Continued Airworthiness Assessment Methodology.  The process captures lessons learned when the unknown or unsuspected are identified from revenue service events and feeds those back into improving the certification safety analysis.  This process improves safety in identified areas that impact revenue service, rather than changing a risk number to <1.0E-12 across the board in the hope that it addresses the unsuspected.


Sincerely,


Paul R. Mingler


Chief Consulting Engineer, Product Safety


GE



Aviation







Paul R. Mingler



Chief Consulting Engineer



Product Safety







1 Neumann Way   MD J-161



Cincinnati, Ohio	45215-1988



United States of America







T 513 243-8075



F 513 243-8075



paul.mingler@ge.com 











 




arm020js
File Attachment
pg74.doc


ASAWG believes that GE provides no relevant evidence to compel ASAWG to
increase the limiting latency or residual risk criteria.

The ETOPS residual risk example is an active-active failure case specifically covered
elsewhere in our report, but to which FAR25.1309(b)(4) does not apply.

Furthermore, the quoted ETOPS criteria is not really a comparable residual risk
criteria, but rather a threshold indicating sufficient design and operational maturity to
enter ETOPS. However, the authorities still require any potentially endemic cause of
IFSD be fixed to further reduce (i.e. minimize) the IFSD rate. This in turn has resulted
in engine run reliabilities much better than these thresholds in most cases.

For further explanation of the relevant applicability of the "Golden Rule Numbers”,
see our response to your “Cost Benefit Analysis” comments.

» Specific Risk of Concern

“GE also has issues with the definitions associated with several terms used by the
ASAWG. To define “specific risk of concern” as “the risk is greater than the average
probability criteria provided in AC 25.1309 Arsenal for hazardous and catastrophic
failure conditions” is incorrect since much of the 3 sigma risk deviation above the
average occurs frequently and is no problem. By definition, half of any fleet will have
risk above average. The specific risk of concern should be limited to particular
conditions that exceed 1E-4. Again, this is a simple example that illustrates how the
definition of specific risk of concern would drive the fleet the average risk lower than
1E-10.”

These definitions were developed to help ASAWG “scope” the task at hand. While we
would agree that what is truly a specific risk of concern is one that does not meet the
proposed FAR25.1309(b)(4) criteria, that was not the purpose of this term at the time
it was defined. ASAWG sees nothing but disadvantages to re-writing history at this
point.

» Specific Risk Cause and Affect

“GE believes that the lack of identified accidents with root cause factors related to
specific risk, supports the position that the real risk is a failure to model the unknown
or unsuspected cause factors, or to correctly classify the severity of an effect, which
out weighs specific risk concerns. Setting challenging latent and residual risk
numbers will not protect against the failure to model what is unknown or not
suspected to happen. FMECA models only model what is known.”

ASAWG doesn’'t necessarily disagree that there may be more value added in
improving other aspects of safety analyses. However, that fact is not relevant to
completion of this tasking. Furthermore, we were specifically restricted from
considering the role of specific risk in historical accidents. We were tasked to
harmonize the specific risk analysis methods and criteria across all aircraft system.
Consequently ASAWG does not intend to change our recommendations due to this
GE Opinion.
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» Cost Benefit Analysis

“Finally, a cost-benefit analysis would show the industry driving very significant costs
into design, manufacture, and maintenance of engines with no measurable safety
benefit and a probable loss in system reliability if additional redundancy or monitoring
is added. Again, the ASAWG “certification consistency” approach, with no
identifiable safety benefit, has no cost benefit to off set the increased cost of
certification, increased maintenance cost, and an increase in the disruptions to
revenue service.

As noted above, the Golden Rules could prevent certification of any future twin-
engine aircraft. This would introduce very significant costs to operators. Furthermore,
certification will cost more due to the increased analysis of systems that do not pass
the 1E-12 screening filter. For example, any progressive deterioration or loss of
margin that might, in an envelope corner point with a thrust increase to Max.
Continuous power, could lead to a second IFSD. An aerodynamic loss of stall
margin, a loss of EGT margin, reduced thrust due to an air leak which opens up more
under high power, a cracked blade which propagates to separation under high thrust,
an electrical connection which gets more vibration at higher power, giving an
intermittent fault, or a hot duct leak onto a fire detector are examples of latent
conditions. Use of the Golden Rules would require either a proof that the
hypothetical failure could never result in an IFSD, or significantly more analysis and
monitoring or CMRs to limit their probability/latency period. Conservatively, the
added design and analysis could add several million dollars to a new engine
program.

With the addition of any new redundant or system monitoring features to limit the
maintenance impact, comes a reduction in system reliability. Therefore, whether an
operator pays for additional system complication or elects to increase maintenance or
reduce maintenance intervals, the economic impact drives millions of dollars of cost
to the airline operators.

As an engine manufacturer, it is difficult to see where there is any cost benefit to the
current certification process.”

ASAWG is still working on the airplane level cost/benefit analysis, but with (and
perhaps even without) being able to consider the role of specific risk in historical
accidents, we agree that it will be very difficult to show a net dollar benefit.
Consequently the quantitative costs will have to be assessed by both ASAWG and
TAEIG against various noted qualitative benefits and a decision taken. Your Opinion
that this change is not warranted will be noted in the final report.

Regarding the specific conditions referenced.

1.  ASAWG does not agree that the golden rules could prevent certification of any
future twin-engine aircraft in part because:
e Total thrust loss failure condition due to most independent engine
failures are not regulated by the golden rules, as these are active-active
failure scenarios.
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e Latent failure conditions that leave the airplane one engine failure away
from a catastrophe mostly involve short at risk times (e.g. during takeoff, go-
around, etc.). Consequently the resulting required relevant engine run
reliability will be something less than 1E-4/hr.
e |CA’s should be adequate to prevent most degradation to progress to
the point of functional failure.
e The failure modes identified within combinatorial SSA’s are typically
limited to the known dominant failure modes of devices. This is because
these are the failure modes that will dominate the risk of the top event. Only
in single failure analysis would we look at the more obscure failure modes
such as intermittent failures, specialized leaks, etc...
In any case, the airframe manufacturers in ASAWG have looked at their current
airplanes and do not share this GE conclusion.

Your concern about failures which remain latent until some operating condition
triggers an active failure is valid. It should be noted that there is a difference
between degradation within specifications that do not make the engine “fail” to
perform as intended and those which do. The former are not covered by the
25.1309(b)(4) rule, but would be precluded by the “no single failure” provisions
of both 25.901(c) and 25.1309(b) (as they would set up a single cascading
catastrophic failure). Hence these would need suitable design or maintenance
provisions (ICA’s) to prevent their occurrence. The later would need to be
considered under 25.1309(b)(4), but as they would typically only be critical
during some “at risk time”. Hence, again the required “good” engine run
reliability would be less than the 1E-5/hr criteria. The “out of spec” degradation
of the “bad” engine itself would have to be detected and corrected in
accordance with the 1E-3 criteria. However, in meeting that criterion, conditional
probability credit could be taken for the percentage of “good” engine IFSD that
would occur under operating condition that would trigger the “bad” engine
failure. So, this is the one area of potential and intentional impact.

While the IFSD impact of a blade failure is relevant, it should be noted that any
“engine rotor failure” related impacts (e.g. unbalanced loads, debris impact, etc.)
are specifically excepted from these rules.

We do not understand the relevance of the hot air leak on the fire detector as
that would be a single active failure resulting in at most a single engine safe
shutdown.

6.4.1.6.6 TCCA
TCCA submitted the following dissenting opinion:

OPINION #1:

The proposed rule for 25.1309(b)(4)(ii) defines the limit latency criteria using the
terminology “on the order of”. This terminology is found currently in AC 25.1309-1A
and the Arsenal revised AC 25.1309 as guidance for defining (from a numerical

probability standpoint) the meaning of “extremely improbable”,

LT

extreme remote”, etc.

The use of this terminology does not have any precedent in current regulatory
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standards. TCCA believes that the use of this terminology in a rule of general
applicability, without further definition or boundaries, could lead to inconsistent
interpretation by authorities and applicants alike.

The current application of the terminology “on the order of’ in 25.1309 compliance
exercises has been as a means of recognizing uncertainty in statistical analyses. In
this process there have been a wide range of opinions of the boundaries associated
with this terminology, a fact that was confirmed through the course of the ASAWG
meetings. As a result, TCCA believes that a definition accompanying the proposed
rule for the meaning of “on the order” should be included in the ASAWG revised AC
25.1309 to provide less ambiguous guidance for the authority and the applicant.

ASAWG disposition to OPINION #1:

As stated earlier, the "on-the-order-of" in 25.1309 compliance exercises has been a
means of recognizing uncertainty in statistical analysis and as the FAA has pointed
out this is addressed on a case by case bases based on the maturity and depth of
data being used to establish compliance to the quantitative number. SAE documents
ARP4761 and ARP4754 address these uncertainties and highlight the need to
validate the failure rates being used to show compliance. The ASAWG believes the
current approach using "on-the-order-of" has shown to be adequate over the past 40
years and there is no need to change that now. This should apply to a rule or
guidance.

The TCCA comment requests a definition be added associated with the term "on the
order of'. This may be problematic given that current AC meaning recognizes
conservatism in the numerical analysis while for rule the term on the order is more
dependent on the inspection intervals chosen. The applicant may want to reduce out
of phase inspections, there may be practical limits based on how much the applicant
can reduce the inspection interval based on access, frequency of maintenance
induced errors. Typically for the first inspection period maintenance checks should be
limited to those functional checks that can verified by pulling CB etc. rather than
disassembly.

OPINION #2:

The ASAWG Task Four Report contains a proposal to modify the Arsenal revised AC
25.1309 version to include a new section 9. (b)(6) related to latent failures with
guidance identifying the intent that they be eliminated wherever practical. TCCA
agrees with this approach and believes it is an important protocol especially for those
instances where means of avoiding latent failures has proven to be practical, or in the
interests of maintaining best practices. As a result, TCCA recommends that this
proposed new section of the ASAWG revised AC 25.1309 be amended to include a
statement to this effect that will support the efforts of the ASAWG to provide a
specific risk standard for latent failures that can replace existing ARAC proposals. To
achieve this objective TCCA would recommend addition of the following statement to
paragraph 9.(b)(6) of the ASAWG revised AC 25.1309:

“Where means of avoiding significant latent failures that can contribute to

catastrophic failure conditions is considered or has been shown to be practical (e.g.
thrust reverser systems), such means shall be applied. ”
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The most notable case in this respect would be the ARAC proposed 25.933(a)(1) for
thrust reversers where specific reference to an example of accepted current practices
would strengthen the proposed 25.1309(b)(4) rule.

ASAWG disposition to OPINION #2:

Wishes to add to AC “Where means of avoiding significant latent failures that can
contribute to catastrophic failure conditions is considered or has been shown to be
practical (e.g. thrust reverser systems), such means shall be applied.” may invoke
current T/R SR methodologies or quantitative criteria. There was a lot of discussion
within the ASAWG on giving examples and the potential for misunderstanding or
application, not to mention this was supposed to be a generalized requirement
applicable across all systems. The statement "Whenever practical, these latent
failures should be avoided. Means of avoidance include but are not limited to:
eliminate the latent failure as discussed in paragraph 9(c) or add redundancy." was
intended to do just what TCCA was after without being overly prescriptive.

A lot of discussion of individual design requirements such as those found in the
Doors or Stall Warning was felt the way to handle this requirement and not in a
general guidance documents such as the proposed AC/AMC 25.1309.

OPINION #3:

The criteria proposed by 25.1309(b)(4)(ii) for limiting the exposure to significant latent
failures focuses on those that in combination with a single evident failure will lead to a
catastrophic failure condition. TCCA has pointed out on previous occasions that the
proposed revision to the Arsenal revised AC 25.1309 paragraph 11.g introducing the
statement “single failures in combination with an operational or environmental
condition that lead to a catastrophic failure condition may be allowed on a case-by-
case basis”, may have inadvertently left a gap in the consideration of significant latent
failures. For example, it is possible with the proposed rule change and AC revision
that the presence of a cargo fire (i.e. an operational condition occurring independent
from any aircraft system failure) in combination with a latent failure of the cargo fire
detection or suppression system leading to a catastrophic failure condition would not
be addressed by the criteria of 25.1309(b)(4)(ii).

The current Arsenal AC 25.1309 guidance material defines a significant latent failure
as “... one which would in combination with one or more specific failures or events
result in a Hazardous or Catastrophic Failure Condition.”

A latent failure of a cargo fire protection system element would by the above
definition be considered significant and not only because it provides a direct
contribution to the catastrophic failure condition of an uncontrolled fire. These
elements are also significant as they are integral components of the system providing
the only means of protection against the operational condition under consideration. A
case in point can be made from a comparison of the following recent rulemaking
efforts:

* The design for security requirements instituted by the introduction of 25.795 places
a significant emphasis on maintaining the integrity of the cargo fire protection
systems from damage by an event external to any aircraft system (i.e. cargo
compartment explosion). The means of compliance in the accompanying advisory
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circular implies that redundant distribution systems may even be required to ensure
integrity of the fire extinguishant distribution system. The applicant in this instance is
required to demonstrate a higher level of system availability in the presence of the
operational condition.

* The regulatory changes to 25.772 and 25.795 for the enhanced cockpit door
security designs also assessed the need to ensure that remote cockpit door locking
systems have a level of reliability commensurate with the security function intended
to support the operational strategies for intruder mitigation. In this instance, the
relevant guidance material stated flightdeck door systems must be shown to comply
with 25.1309(b)(1) and (b)(2) with a suitable reliability level on the order of 10-5
failure per flight hour.

As a result, TCCA believes that the revised Arsenal AC 25.1309 should be modified
to state that the exposure to any latent failure in combination with an operational or
environmental condition that leads to a catastrophic failure condition should be
limited accordingly by the criteria of 25.1309(b)(4)(ii). Alternatively, having those
systems that contain such significant latent failures be required to achieve a reliability
level commensurate with the approaches used in the above rulemaking examples
(i.e. failure rates in the improbable range) may also be considered acceptable.

ASAWG disposition to OPINION #3:

Requesting reliability guidance for a single latent failure in combination with
operational or environmental conditions is not limited to just latent conditions but all
conditions. The fire detection and/or suppression system is just one example. It was
felt by the Group that emphasis should be placed on properly categorizing the
functional hazard then it was trying to force a reliability criterion on a system because
of an inherent latency tendency. The variability in the probabilities of external and/or
environmental conditions and the difficulty in validating these probabilities also make
it hard to determine the correct reliability criterion. The concern would be that you
drive the design to be detectable but give up reliability and thus true availability.

The discussion above to the TCCA OPINION #2 is also applicable. The example
given by TCCA is the cargo fire detection and suppression systems because it is
related to an external event that is not deterministic. This is unlike the engine fire
detection and suppression system which is based on system design and the hazard
that design may introduce. The method that should be employed for systems that
their criticality is dependent on some external event (e.g. a stall barrier system,
TAWS, etc.) should be covered by reliability guidance specific to that system and not
by an aircraft level criteria that is only specific to latency.

6.4.1.6.7 Rockwell Collins
Rockwell Collins submitted the following dissenting opinion:

Rockwell Collins believes that modifications to the current regulations and associated
certification process for avionics systems are unnecessary without a demonstrated
industry "safety need" based on in-service accident or incident data. However should
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the industry produce this documented need, then Rockwell Collins believes that the
Latent Task Recommendations are reasonable from a technical point of view.

ASAWG disposition of EASA Dissenting opinion:

As stated earlier, the key benefit Industry saw after several years of review and
discussion was harmonization and consistency across all systems and between
various regulation bodies. Early, in the Task 4 efforts TAEIG identified to the
ASAWG that documented safety benefits would be difficult if not impossible and the
focus should be placed on harmonization and consistency. The benefits identified by
the working group of implementing the proposed changes would be invalidated
without the complete implementation of all the changes in total by both the FAA and
EASA. Therefore, it was a unanimous position from manufacturers that the proposed
changes are either implemented in total or should not be implemented at all. Unlike
previous working groups that were tasked to respond to a specific event or threat that
had occurred, this effort is more of a harmonization across the aircraft and regulatory
bodies. The identification of potential measurable safety benefits would require a
forecast of a potentially hazardous or catastrophic event, therefore no safety benefits
were identified.
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6.4.2 Aging & Wear Task

In accordance with the ASAWG tasking, the ASAWG assessed the specific risk
aspects of aging & wear and developed a recommendation that:

» Clarifies appendix 3, b (1) of AC 25.1309 (Arsenal) / AMC 25.1309 for the
consideration of system component aging & wear aspects.

Note: Although it is recognized that a revision of 25.1529, AC / AMC 25.19 and
App. H 25.4 is out of the scope of the ASAWG ARAC tasking, the recommended
changes provided in this section may require revision of 25.1529, AC / AMC 25.19
and App. H 25.4.

The following Aging & Wear Task 4 Recommendation gives its benefits, applicability,
the recommendation itself with rationales and dissenting opinions.

6.4.2.1 Benefits of the Recommendations

The proposed change increases safety by providing applicants and regulators clear
guidance that can be applied consistently across systems to

> Ensure consistent documentation of system component replacement times that
are necessary to protect against aging and wear out.

6.4.2.2 Applicability of the Recommended Rules/ACs

These changes will apply to new TC or STC, if required according to change product
rule, and will not be applied retroactively.

6.4.2.3 The Recommendations
Changes to SDAHWG recommended AC 25.1309 (Arsenal) / AMC 25.1309
Revise appendix 3, b (1), as follow:

From: “The individual part, component, and assembly failure rates utilized in
calculating the "Average Probability per Flight Hour" should be estimates of the
mature constant failure rates after infant mortality and prior to wear-out and should be
based on all causes of failure (operational, environmental, etc.). Where available,
service history of same or similar components in the same or similar environment
should be used”.

To: “The component failure rates utilized in calculating the "Average Probability per
Flight Hour" should be estimates of the mature constant failure rates after infant
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mortality and prior to wear-out. For components whose probability of failure may be
associated with non-constant failure rates within the operational life of the aircraft,
reliability analysis may be used to determine component replacement times. In either
case, the failure rate should be based on all causes of failure (operational,
environmental, etc.). Where available, service history of same or similar components
in the same or similar environment should be used.

Aging and wear of similarly constructed and similarly loaded redundant components
directly leading to or when in combination with one other failure leads to a
catastrophic or hazardous failure condition should be assessed when determining
scheduled maintenance tasks for such components.

Replacement times necessary to mitigate the risk due to aging and wear of those
components whose failures could lead directly or in combination with one other
failure to a catastrophic or hazardous failure conditions within the operational life of
the aircraft should be assessed through the same methodology as other scheduled
maintenance tasks required to satisfy 25.1309 (e.g. AC / AMC 25-19) and
documented in the Airworthiness Limitation Section as appropriate”.

Rationale: ASAWG recognized that the Draft AC 25.1309 (Arsenal) / AMC 25.1309
currently addresses aging and wear issue: "... Average Probability per Flight Hour"
should be estimates of the mature constant failure rates after infant mortality and
prior to wear-out...”

Appendix 3, b (1) of AC 25.1309 (Arsenal) / AMC 25.1309 was proposed to be
modified to clarify the consideration of system component aging & wear aspects. It
was recognized by the ASAWG that replacement times associated to system
components whose probability of failure may be associated with non-constant failure
rates within the operational life of the aircraft have not been treated in same manner
across applicants and across systems from a single applicant.

The recommended change ensures consistent documentation of system component
replacement times that are necessary to protect against aging and wear out. The
following aspects are taken into account by the recommended change:

» By referencing to “the operational life of the aircraft” the recommended change
avoids that replacement times being identified on all components that exhibit an
increased failure rate beyond its operational life.

» By referencing to “... same methodology as other scheduled maintenance tasks
required to satisfy 25.1309 (e.g. AC / AMC 25-19) and documented in the
Airworthiness Limitation Section...” the recommended change mentions the
appropriate place for documenting the replacement times.

» By referencing to “ ...those components whose failures could lead directly or in
combination with one other to a catastrophic or hazardous failure conditions...” the
recommended change avoids that items (filters, batteries, etc...), which have to
fail in combination with many others to cause a catastrophic or hazardous
functional failure condition have to be documented in the Airworthiness Limitation
Section.
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6.4.2.4 General Comments on Costs and Benefits of the Recommendations

None identified beyond section 6.4.2.1.

6.4.2.5 Alternatives considered and why they weren’t chosen

The alternative of not making any of the changes described in section 6.4.2.3 was
considered at each step of the review and recommendation development process. In
each case, the benefits described in section 6.4.2.1 outweighed maintaining existing
guidance that was not always applied in a consistent manner.

The final Aging & Wear Task 4 change recommendation was established by taking
into account the comments from all organizations as received during Task 4.
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6.4.3 MMEL Task

The final evaluation of the current policies and practices implemented by OEMs and
the various regulatory organizations concerning the development and approval of the
MMEL over the past several decades has consistently demonstrated a high level of
reliability and comprehensiveness in maintaining the necessary safety margins that
both the engineering and operations communities have come to expect and require.
Our past and current MMEL development considerations have primarily been based
on consideration of the “next worst case failure” and the impact of that failure on crew
workload and the integrity of the aircraft after that failure. This report finds that these
procedures have provided excellent aircraft safety margins and, as such, we
recommend that these procedures be continued as the primary path for future MMEL
development and approval. This report also recommends establishing a
standardized numerical analysis methodology for proposed MMEL items — when a
numerical analysis for a given MMEL dispatch configuration is considered useful.
This report further recommends revising the Arsenal and current versions of AC
25.1309 / AMC 25.1309 statements relative to the MMEL. Dispatches with multiple
inoperative MMEL items are handled separately by the FOEB and considered to be
outside the scope of this proposed guidance.

6.4.3.1 Benefits of the Recommendations

When used to support a proposed MMEL item’s qualitative assessment, the
recommended numerical analysis guidance would provide a standardized
methodology that would maintain fleet average reliability objectives.

6.4.3.2 Applicability of the Recommended Rules/ACs

These changes will apply to new TC or STC, if required according to change product
rule, and will not be applied retroactively, unless requested by the applicant.

Changes to the Arsenal version of AC 25.1309 / AMC 25.1309, paragraphs 12.b.(1)
and paragraph 12.d., and the current AC 25.1309 -1A, paragraph 12.d are
recommended. These changes are intended to make it clear that reliability analyses
concerning MMEL dispatches need not be included in the numerical analyses
submitted for certification to show compliance with FAR/CS 25.1309(b).

6.4.3.3 The Recommendations
(A) Recommendations to Industry and the Authorities (FAA Flight Standards,

EASA, TCCA, etc.) for potential incorporation into MMEL Development
Process:

85



This guidance is provided as a recommendation to industry and the authorities, and
is recognized as not the only means to support the primary qualitative justification for
a proposed MMEL item; therefore, this guidance is not mandatory. It should also be
recognized that the FOEB Chairpersons have the authority to request additional
analyses. This guidance is not intended to be applied retroactively to approved
MMELs.

This guidance recognizes that under MMEL conditions, single failures leading to a
potentially hazardous or catastrophic failure condition are normally not permitted at
dispatch.

The results of numerical safety assessment of MMEL allowed dispatch with an
inoperative item may be used to supplement the qualitative safety assessment review
with the Authorities.

Numerical safety assessments are recommended when both of the following
considerations are met:

1) Relief is proposed for items, functions and/or systems involved in Catastrophic or
Hazardous failure conditions, and MMEL procedures do not mitigate the failure
condition by operational procedures, limitations or a maintenance action prior to
dispatch, and

2) When the operation with the inoperative item leaves the aircraft one failure away
from a Hazardous failure condition, or one or two failures away from a Catastrophic
failure conditions.

Items for which a numerical assessment is carried out to supplement the qualitative
MMEL development process in accordance with the above mentioned considerations
should be reported. Items for which the probabilities per flight hour of 1E-8 for
Catastrophic failure conditions and 1E-6 for Hazardous failure conditions are not met
in that dispatch configuration, should be reviewed with the Authorities. The following
guidance applies to these proposed dispatches: This guidance includes equations to
control how long these configurations are allowed to exist, such that the fleet average
objectives will be achieved (see logic flowchart provided in Figure 6-1).

For Catastrophic Failure Conditions:

» A probability per flight hour of < 1E-8 is the objective when dispatching with the
inoperative item. When this objective is met, no calculation for a maximum
allowable dispatch time is considered necessary.

> A limited number of items may be considered when the 1E-8/FH objective is not
met. In these cases, the maximum allowable probability per flight hour when
dispatching with the inoperative item should not exceed 1E-7/FH, and the
maximum dispatch time should be less than that calculated using the following
Equation (1).

» The 1E-8/FH objective and 1E-7/FH upper limit apply to each catastrophic top
event involving the inoperative-at-dispatch MMEL item. If more than one top level
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event is involved, the maximum allowable dispatch time should be the smallest of
those calculated for the affected top events.

Equation (1):

1-10~°[ probability _per FH]

Max _ Disp _Time,;[FH]= PE -ER

Where:

Max_Disp_Timecar [FH] = Max Dispatch Time [flight hours]

PF [1/FH] = Probability of Failure Condition [per flight hour] under dispatch condition
FR [1/FH] = Failure Rate of proposed MMEL item [per flight hour]

For Hazardous Failure Conditions:

» A probability per flight hour of < 1E-6 is the objective when dispatching with the
inoperative item. When this objective is met, no calculation for a maximum
allowable dispatch time is considered necessary.

> A'limited number of items may be considered when the 1E-6/FH objective is not
met. In these cases, the maximum allowable probability per flight hour when
dispatching with the inoperative item should not exceed 1E-5/FH, and the
maximum dispatch time should be less than that calculated using the following
Equation (2).

» The 1E-6/FH objective and 1E-5/FH upper limit apply to each Hazardous top
event involving the inoperative-at-dispatch MMEL item. If more than one top level
event is involved, the maximum allowable dispatch time should be the smallest of
those calculated for the affected top events.

» Equation (2):

1-10"[ probability _per FH]
PF-FR

Max _Disp_Time,,,[FH]=

Where:

Max_Disp_Timepaz [FH] = Max Dispatch Time [flight hours]

PF [1/FH] = Probability of Failure Condition [per flight hour] under dispatch condition
FR [1/FH] = Failure Rate of proposed MMEL item [per flight hour]

Dispatch times will primarily be based on operational considerations. Allowed MMEL
dispatch times may be considerably less than the maximum times calculated.

Note: The two equations given above for maximum dispatch times for MMEL items or
functions involved in Catastrophic or Hazardous failure conditions provides dispatch
times that are compatible with the fleet average top level reliability requirements of
FAR/CS 25.1309(b). Equation(1) would yield a maximum operating time in the
particular configuration to be < 1% of the fleet operating time when the dispatch
configuration has a failure rate of 1E-7/FH.
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Maximum dispatch times as calculated using the above equations or other
appropriate methods, should be maintained by the applicant’s operations/MMEL
group. That group will work with the Flight Operations Evaluation Boards
(FOEB/OEBS) to decide on an acceptable MMEL entry.

Example Aircraft Level:

When a quantitative analysis is desired to support the qualitative assessment of an
MMEL inoperative item dispatch, the following example may be helpful:

a) Use the fault trees for the Catastrophic failure conditions affected by the proposed
MMEL item, where that failure condition cannot be mitigated by operational
procedures, limitations or a maintenance action prior to dispatch.

b) Review the fault trees to determine whether operation with the inoperative MMEL
item (item probability set to 1) leads to a probability per flight hour (at dispatch) of
< 1E-8/FH.

= If Yes (< 1E-8/FH): No numerical analysis needed for maximum allowable
dispatch time

= If No (> 1E-8/FH): go to c)

c) Calculate the Maximum Dispatch Time using equation Equation(1):

Example numbers:

= Probability of Failure (PF) condition per flight hour under Dispatch condition —
determined from fault tree with probability of MMEL item to 1:

PF: 3E-8/FH

= Failure Rate (FR) of proposed MMEL item per flight hour
FR: 1E-4/FH

= Maximum Dispatch Time < (1E-9)/[(3E-8) x (1E-4)]
Maximum Dispatch Time < 333 flight hours

This may result in a 10 day, Category C relief listing in the MMEL.

(B) Changes to Arsenal version of AC 25.1309 / AMC 25.1309 and AC 25.1309-
1A:

The following recommended wording changes to the Arsenal version of AC 25.1309 /
AMC 25.1309 will allow better coordination and improved clarity between the AC’s /
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AMC’s recommended certification compliance requirements for FAR/CS 25.1309 and
this report's recommendations concerning the MMEL development process. The last
paragraph, paragraph 12.d, is also contained in the current AC 25.1309 -1A. The
following changes shown in paragraph 12.d are also recommended for the current -
1A AC. The advisory circular for FAR/CS 25.1309 should not imply that MMEL
configurations be included in the reliability analyses required by that regulation for
aircraft certification.

The proposed changes to AC 25.1309 (Arsenal) / AMC 25.1309 paragraph 12.b.(1)
and 12.d. are:

b. Maintenance Action. Credit may be taken for correct accomplishment of
reasonable maintenance tasks, for both qualitative and quantitative assessments.
The maintenance tasks needed to show compliance with FAR/CS 25.1309(b) should
be established. In doing this, the following maintenance scenarios can be used:

(1) For failures known to the flight crew see paragraph 12.d.

(2) Latent failures will be identified by a scheduled maintenance task. If this
approach is taken, and the Failure Condition is Hazardous or Catastrophic,
then a CCMR maintenance task should be established. Some Latent Failures
can be assumed to be identified based upon return to service test on the LRU
following its removal and repair (component Mean Time Between Failures
(MTBF) should be the basis for the check interval time).

c. Candidate Certification Maintenance Requirements.

(1) By detecting the presence of, and thereby limiting the exposure time to
significant latent failures that would, in combination with one or more other
specific failures or events identified by safety analysis, result in a Hazardous
or Catastrophic Failure Condition, periodic maintenance or flight crew checks
may be used to help show compliance with FAR/CS 25.1309(b). Where such
checks cannot be accepted as basic servicing or airmanship they become
CCMRs. AC/AMJ 25.19 details the handling of CCMRs.

(2) Rational methods, which usually involve quantitative analysis, or relevant
service experience should be used to determine check intervals. This analysis
contains inherent uncertainties as discussed in paragraph 11.e.(3). Where
periodic checks become CMRs these uncertainties justify the controlled
escalation or exceptional short term extensions to individual CMRs allowed
under AC/AMJ 25.19.

d. Flight with Equipment or Functions Known to be Inoperative. An applicant may
elect to develop a list of equipment and functions which need not be operative for
flight, based on stated compensating precautions that should be taken, e.g.,
operational or time limitations, flight crew procedures, or ground crew checks. The
documents used to show compliance with FAR/CS 25.1309, together with any other
relevant information, should be considered in the development of this list.
Experienced engineering and operational judgment should be applied during the
development of this list. When more than one flight is made with equipment known to
be inoperative and that equipment affects the probabilities associated with
Hazardous and/or Catastrophic failure conditions, time limits may be needed for the
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number of flights or allowed operation time in that aircraft configuration. These time
limits should be established in accordance with the recommendations contained in
FAA Flight Standards Policy.

6.4.3.4 General Comments on Costs and Benefits of the Recommendations

MMEL - Provides a better foundation for potential harmonization between the FOEB
and JOEB.

6.4.3.5 Alternatives considered and why they weren’t chosen

None

6.4.3.6 Dissenting Opinions
None

Note: A number of discussions have been tracked in the attached appendix as a
record of associated rational.
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Is the inoperative MMEL item
associated with any HAZ or
CAT Failure Conditions
mitigated (*) by Limitations or
maintenance/operational

procedures?

Only a Qualitative
Assessment for the
proposed MMEL item
is considered

YES

A 4

necessary.

(*) Here "mitigate" should be considered anything that reduces the likelihood or the
consequence of the failure condition or if the procedures or the limitations keep the
NO airplane from reaching the top event in question.

Note: Resulting safety level achieved need not be higher than that achieved under
full up configuration.

Does the inoperative MMEL Only a Qualitative
Assessment for the

item leave the airplane more YES ) .
than one failure away from a P"OPC_JdSEd c'jV”VlEL item is
HAZ Failure Condition or p| considered necessary.

more than two failures away
from a CAT Failure
Condition?

Only a Qualitative
YES Assessment for the
proposed MMEL item
is provided to the
authorities.

Numerical safety
assessment
recommended.

Are the objectives of
<1E-8/FH for CAT
FCs and <1E-6/FH for
HAZ FCs met in that
dispatch

In addition to the Qualitative Assessment, a Quantitative
Assessment is provided to support the proposed MMEL
item:

1) Catastrophic (Hazardous) Failure Conditions are
demonstrated < 1E-7/FH ( < 1E-5/FH)

2) The maximum allowable dispatch interval is computed
using the recommended formula, and then, an appropriate
dispatch interval, which may be less than the maximum,
will be agreed with the Authorities.

\/

Figure 6-1 Logic Flowchart to Support Numerical Analyses
for Proposed MMEL Items
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6.4.4 Flight & Diversion Time Task

In accordance with the ASAWG tasking, the ASAWG assessed the specific risk
aspects of Flight Phase, Maximum flight time versus average flight time, and Average
diversion time versus maximum allowed diversion time and developed
recommendations that:

» Clarify section 10 of AC 25.1309 (Arsenal) / AMC 25.1309 for the consideration of
intensifying and alleviating factors particularly with respect to flight duration, flight
phase, and diversion time.

» Clarify section 11 of AC 25.1309 (Arsenal) / AMC 25.1309 for how environmental
or operational factors are combined with single failures to address inconsistency
that has caused misunderstandings between the regulators and applicants.

> Revise Appendix 4 tables of AC 25.1309 (Arsenal) / AMC 25.1309 to clearly focus
on environmental conditions and operational factors.

» Revise ETOPS AC 1535-1X Chapter 3 Paragraph 16.a (3) and (4) for the use of
mission time and diversion times in ETOPS safety analysis.

The following Flight & Diversion Time Task 4 Recommendation gives its benefits,
applicability, the recommendation itself with rationales and dissenting opinions.

6.4.4.1 Benefits of the Recommendations

The proposed changes increase safety through elimination of errors in the application
of the guidance and by providing applicants and regulators clear guidance that can
be applied consistently across systems.

» Treat flight time, flight phase and diversion time in the FHA in same manner
across applicants and across systems from a single applicant.

» Ensure correct hazard classification in FHAs take into account intensifying factors,
such that specific risk concerns worthy of being addressed are not overlooked.

» Eliminate confusion with respect to the compounding nature of factors in defining
the hazard classifications in an FHA.

> Eliminate the misunderstandings due to unclear guidance on how environmental
or operational factors are combined with single failures.

»  Appendix 4 tables of AC 25.1309 (Arsenal) / AMC 25.1309 modified to eliminate
confusion between failures and environmental conditions and operational factors.

» Harmonized use of average long-range flight duration and maximum diversion

time for both type 1 and type 2 systems in compliance to the new ETOPS rule
(25.1535).

92



6.4.4.2 Applicability of the Recommended Rules/ACs

These changes will apply to new TC or STC, if required according to change product
rule, and will not be applied retroactively.
6.4.4.3 The Recommendations

6.4.4.3.1 A. Changes to SDAHWG recommended AC 25.1309-Arsenal / AMC
25.1309. Changes are shown in bolded letters.

» Add specific risk and specific risk of concern definitions to Section 5 Definitions:
“Specific Risk. The risk on a given flight due to a particular condition”.

Rationale: New terms used to define and scope specific risk.

» Revise paragraph 10c(2)(ii) to:

(i) Regardless of the types of assessment used, the classification of Failure
Conditions should always be accomplished with consideration of all relevant
factors eg system, crew, performance operatlonal external=%)ea¥ﬂ19~%e¥

: . It is partlcularly |mportant to
consrder factors that Would aIIevrate or mtensrfy the severity of a Failure
Condition. Where flight duration, flight phase, or diversion time can adversely
affect the FHA outcome, they must be considered as intensifying factors. Other
intensifying factors include conditions (not related to the failure, such as weather
or adverse operational or environmental conditions), which reduce the ability of
the crew to cope with a Failure Condition. An example of an alleviating factor is
the continued performance of identical or operationally similar functions by other
systems not affected by the Failure Condition. Combinations of factors need only
be considered if they are anticipated to occur together.

Rationale: This paragraph was modified to clarify the consideration of intensifying
and alleviating factors particularly with respect to flight duration, flight phase, and
diversion time. It was recognized by the ASAWG that flight time, flight phase and
diversion time have not been treated in the FHA in same manner across
applicants and often across systems from a single applicant. While this is not
strictly a specific risk concept, it is an imperative that the FHA define the hazard
classification for a given failure condition correctly, and without properly
accounting for intensifying factors in the FHA, specific risk concerns, worthy of
being addressed, may be missed while still in this criteria setting activity.

Specific changes include deleting the second sentence in the paragraph based on
the rationale that this sentence does not provide any useful guidance and adds
confusion by mixing up relevant factors with effects of failure. A new sentence
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was added to specifically address flight duration, flight phase and diversion time
as relevant factors, and the following sentence was modified slightly to
accommodate this sentence and not lose the existing examples of intensifying
factors.

The final sentence of the paragraph was added to address confusion with respect
to the compounding nature of factors in defining the hazard classifications in an
FHA. Obviously, compounding factors that are in and of themselves extremely
improbable need not be considered, but the question of what must be considered
is a constant source of confusion both with the regulatory specialists and the
applicants. The sentence provided seemed to best capture both historical
concepts and the concern that the FHA is a qualitative assessment, and therefore
to avoid terms that would be interpreted as requiring a probabilistic assessment.
Hence the words “Combinations of Factors need only be considered if they are
anticipated to occur together”. While it was unavoidable that this still has a certain
probabilistic aspect to it (i.e. FAA has already equated "not extremely remote"
with "anticipated to occur" via latent failure specific risk provisions such as those
used for compliance with FAR25.901(c), FAR25.981(a)(3), etc.) It is the intent of
this discussion to make clear that a probabilistic assessment of what to consider
as relevant factors is not required, but a qualitative consideration regarding the
likelihood of factors and their independence should be part of the assumptions
documented with functional failure described in the FHA.

Revise section 11g to:

Operational or Environmental Conditions. A probability of one should usually be
used for encountering a discrete condition for which the airplane is designed,
such as instrument meteorological conditions or Category Ill weather operations.
However, Appendix 4 contains allowable probabilities which may be assigned to
various operational and environmental conditions for use in computing the
average probability per flight hour of failure conditions, resulting—frem—multiple
independentfaillures. without further justification. Single failures in combination
with operational or environmental conditions leading to catastrophic failure
conditions are in general not acceptable L|m|ted cases that are properly jUStIerd

may be con3|dered on a case-by-case ba5|s (e.g. operatlonal events or

enwronmental condltlons that are extremely remote)=éea%%t=h&t=hael=beeﬂ

Appendix 4 is provided for guidance and is not intended to be exhaustive or
prescriptive. At this time, a number of items have no accepted standard statistical
data from which to derive a probability figure. However, these items are included
for either future consideration or as items for which the applicant may propose a
probability figure supported by statistically valid data or supporting service
experience. The applicant may propose additional conditions or different
probabilities from those in Appendix 4 provided they are based on statistically
valid data or supporting service experience. The applicant should obtain early
concurrence of the Certification Authority when such conditions are to be included
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in an analysis. When combining the probability of such a random condition with
that of a system failure(s), care should be taken to ensure that the condition and
the system failure(s) are independent of one another, or that any dependencies
are properly accounted for.

Rationale: During the ASAWG's investigation of how single failures are treated for
specific risk purposes, the team found that paragraph 11g has unclear guidance
for how environmental or operational factors are combined with single failures.
The first paragraph above was modified to address this inconsistency within the
paragraph that has caused misunderstandings between the regulators and
applicants. The contradictory text is in the second sentence where is stated
“However, Appendix 4 contains allowable probabilities which may be assigned to
various operational and environmental conditions for use in computing the
average probability per flight hour of failure conditions resulting from multiple
independent failures, without further justification.”; and the last sentence in the
third paragraph above which states “When combining the probability of such a
random condition with that of a system failure, care should be taken to ensure that
the condition and the system failures are independent of one another, or that any
dependencies are properly accounted for.” The second sentence of the first
paragraph has been modified a new third and forth sentence added to more
clearly state when multiple and single failures can combine with the allowable
probabilities of Appendix 4. While these inputs are to an average risk calculation
method, how operational and environmental conditions are handled whether in
average or specific risk calculations is related to the section 10 material above.

Revised Appendix 4 lead paragraph, Environmental Factors and Other Events
table:

APPENDIX 4. ALLOWABLE PROBABILITIES.

The following probabilities may be used for environmental conditions and
operational factors not due to airplane failure causes in quantitative safety
analyses:

Environmental Factors

Condition Model or other Justification Probability
Dispatch into Appendix C Icing 1
Icing outside Appendix C No Accepted

Standard data

Probability of specific icing conditions No accepted
(largest water droplet, temperature etc) standard data
within a given flight

Head wind >25 kts AC 120-28 10-2 per flight
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Condition Model or other Justification Probability
during takeoff and landing JAR-AWO
Tail wind >10 kts AC 120-28 10-2 per flight
during takeoff and landing JAR-AWO
Cross wind >20 kts AC 120-28 10-2 per flight
during takeoff and landing JAR-AWO

Limit design gust and turbulence

FAR/JAR 25.341(Under review
by Structures Harmonization
Working Group)

10-5 per flight hour

Air temperature < -700C

No accepted
standard data

L . . N
standard-data
HIRF cenditiens Ne-aceepted
standard-data

Other Events
Event Model or other Probability

Justification

Fire in a lavatory not due to airplane
failure causes

data

No accepted standard

Fire in a cargo compartment not due to
airplane failure causes

data

No accepted standard
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Rationale: During the ASAWG'’s investigation of single failures as described in
11g rationale above, the team found that Appendix 4 required to be clearly
focused on environmental conditions and operational factors. Some of the items
listed as “Other Events” in the table in Appendix 4 are system failures, not
environmental or operational conditions. These failures were removed from the
table and remaining items revised to delineate from system failures. No attempt
was made by the team to modify the table for completeness or re-justify the
probability values.

Reference to HIRF and Lightning were removed from the table to avoid confusion
that numerical analyses are always required for compllance to 25. 1309 when
effects of HIRF and Ilghtnlng are conS|dered ‘

6.4.4.3.2 B. ETOPS (changes to draft AC 1535-1X)

» The actual recommendation revising draft AC 1535-1X Chapter 3 Paragraph 16.a
(3) and (4):

(3) Airplane system safety assessments for ETOPS are addressed under the
specific objectives of FAR25.901(c) and 25.1309, considering the maximum flight
time and longest dlver5|on tlme for which the appllcant seeks approval ¥he

- The main |mpact that ETOPS will
have on alrplane system safety assessments is a potentially more severe hazard
when considering the long-range and maximum ETOPS diversion distances
associated with a maximum ETOPS flight. For example, a failure(s) in an
airplane’s environmental control system resulting in either a very hot or very cold
cabin temperature could be potentially life-threatening during a five-hour
diversion, whereas the same failure would merely be an uncomfortable
inconvenience during a 30-minute diversion. What may be considered a minor or
major effect during a short diversion may have a hazardous or even catastrophic
effect over a longer period. Such time-related effects must be considered in the
safety assessments of these types of failures to ensure that any potentially unsafe
failure conditions are identified and the proper hazard classification defined.
Section K25.1.1 of Appendix K requires the applicant to show that the airplane
systems meet the safety objectives of FAR25.901(c) and 25.1309 for any failure
condition that has an more severe failure effect when considering a maximum
ETOPS diversion following the failure.

(4) Considering the maximum flight time per FAR K25.1.1 does not mean that the

numerical probability objectives (for example, on the order of 1E-9/hr for a

catastrophic failure condition, on the order of 1E-7/hr for a hazardous failure

condition, etc.) for showing compliance with FAR25.1309(b) must be met solely
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by usmg the maX|mum fllght t|me For ETOPS group 1 %@Hﬂ%&ﬁ%@%&%ﬁﬂ%ﬁ
- RS-and

group 2 S|gn|f|cant systems the probablllty calculations may be based on average
fleet mission time for ETOPS operated aircraft, assuming a maximum diversion
time. (Note - not average risk mission time for the whole fleet). The average fleet
risk mission time for ETOPS operated aircraft should be estimated based on the
applicant’s expectations for how the ETOPS operated aircraft will be used in
service. The average fleet risk mission time for ETOPS operated aircraft should
include potential ETOPS routes within the maximum range capability of the
airplane. This normally results in a longer average flight time than would be used
for basic Part 25 certification of non-ETOPS airplanes. For ETOPS group 1 and
group 2 sigeificant systems, where a diversion is the probable outcome of a
failure condition, e.g. an engine shutdown, a maximum length ETOPS diversion
should be assumed in the safety assessment. For example, as discussed in
Paragraph (3) above, the cabin thermal environment should consider the
maximum dlverS|on tlme to deflne the hazard and compllance crlter|a=l;e¥

Rationale: Revise group 1 calculation approach from using maximum ETOPS
mission time to using the average ETOPS flight duration. Harmonize advisory
material to FAA and EASA expectations and pending guidance material.

The use of average fleet risk mission time for ETOPS operated aircraft is
proposed to be consistent with the fleet average approach of 25.1309,
considering the ETOPS fleet, and IL-20/GAI20X06 Appendix 2 and past EASA
practice.  This change does not affect system capability, capacity and
performance, which should be sized for maximum mission time and maximum
diversion time as appropriate.

6.4.4.4 General Comments on Costs and Benefits of the Recommendations

None identified beyond section 6.4.4.1.

6.4.4.5 Alternatives considered and why they weren’t chosen

The alternative of not making any of the changes described in section 6.4.4.3 was
considered at each step of the review and recommendation development process. In
each case, the benefits described in the rationale section for each proposed change
outweighed maintaining existing guidance that was not always applied in a consistent
manner.

HIRF and Lightning considerations in 25.1309, 25.1316, and 25.1317
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The ASAWG deliberated exception of HIRF and lightning from 25.1309, but
consensus was not achieved due to dissension from all of the certification authorities
(ANAC, EASA, FAA, and TCCA.) However, the ASAWG agreed that HIRF and
Lightning issues (identified below) should be addressed by a future committee with
representation from Systems, Safety, and EME disciplines. The ASAWG concluded
this discussion was both outside of the tasking and that the ASAWG did not have
adequate representation from the EME community to collectively disposition the
subjects listed below. With the exception of removing HIRF and Lightning from the
Appendix 4 table for reasons noted above, status quo for H/L considerations should
be maintained until that proposed future committee addresses them.

1.

Because the failures of HIRF and Lightning protection features are often
latent, clear guidance should be provided as to whether qualitative evaluation
of failure conditions involving protection features is adequate, and if so, how
should such qualitative evaluation be performed. Establish a basis for a
qualitative assessment of the architecture to confirm that it is robust and it can
withstand such risk.

Current practice typically does not include the probabilities of these
environmental conditions in safety analyses for initial certification, although the
probabilities at times are included in the safety analyses for continued
airworthiness determination.  If numerical analysis is needed to show
compliance, guidance on how this is done should be provided.

Instructions for continued airworthiness and its use for HIRF and Lightning
Protection features should be clearly explained, particularly if credit is allowed
in qualitative and quantitative analyses.

AC 20-158 for HIRF and AC 20-136A for lightning, and guidance material
ARP5583 (Guide to Certification of Aircraft in a High Intensity Radiated Field
(HIRF) Environment) and ARP5415A (User's Manual for Certification of
Aircraft Electrical/Electronic Systems for the indirect Effects of Lightning)
should be re-evaluated along with AC 25.1309 to establish unambiguous
guidelines towards means of compliance to these rules for HIRF and
Lightning.

Provide explicit guidance for Failure modes and Effects Analyses and
Particular Risk Assessments on how to manage HIRF and Lighting protection
features if there are any unique requirements.

Clear guidance on relationship to HIRF and Lightning Test Levels with respect
to common cause aspect of the threat.

Ensure that guidance establishes the correct system architecture requirements
to protect the airplane when the airplane configuration changes due to various
reasons (MMEL, latent failures, corrosion, etc.), as opposed to setting only test
levels.

There is a need for Lightning assessment under 25.1309 for mechanical
systems, in light of ARP 5577 which addresses mechanical systems in a
general sense.
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6.4.4.6 Dissenting Opinions

6.4.4.6.1 Garmin dissenting opinion on changes to AC 25.1309 / AMC 25.1309
paragraph 11g:

To be consistent with the agreed approach to not address HIRF and Lightning in the
ASAWG, but rather to maintain the status quo until a new ARAC team can fully
address the issues defined, Garmin recommends that the last two sentences of 1st
paragraph of 11g be revised from: “Single failures in combination with operational or
environmental conditions leading to catastrophic failure conditions are in general not
acceptable. Limited cases that are properly justified, (e.g. operational events or
environmental conditions that are extremely remote) may be considered on a case-
by-case basis (e.g. RTO for a cause independent from the failure).”

To: “Single failures in combination with operational or environmental conditions
leading to catastrophic failure conditions are in general not acceptable. Limited cases
that are properly justified may be considered on a case-by-case basis.”

The new text may be open enough to leave existing certification practice for HIRF
and lightning unchanged until this issue can be resolved. In a separate issue the
current AC task 4 report 11g proposal does not provide any other criterion for
determining acceptability other than “single failure in combination with operational
events or environmental conditions that are extremely remote”. As such in practice it
may become the only acceptable criterion even though this may not be appropriate
for all situations (e.g. HIRF/L) and is not the intent of the ASAWG. | have been
concerned that there is the potential that existing AC numerical reliability and design
assurance objectives could be superseded by the new 25.1309 AC/AMC guidance.
Specifically when considering operational conditions such as CFIT and entry into stall
that are not extremely remote (< 1E-7/FH).

The example criterion is more conservative than other existing AC/AMC system
guidance. For example TAWS and stick pusher availability is 1E-4 and level C. No
single failure implies multiple redundancy and level A software for loss of function. By
removing the example criteria this concern is diminished and may allow me to
recommend that the current Garmin recommendation to change the current criteria
(see Garmin dissent) to the one below, be withdrawn.

DISSENT EXAMPLE: If the crew were to perform an abort and there was a throttle
jam (after power set), the asymmetric thrust (on wing mounted engines) - because of
one stuck throttle - will cause the aircraft to laterally depart the runway. For the
purpose of the example this is assumed to be a potential catastrophic failure
condition. The probability of a throttle jam was/is on-the-order-of 1E-7/FH. The
exposure period for the jam - after power set and before V1 - is approximately 20
seconds. The probability of a jam is 1E-7*(20/3600) = 5.5E-10. The probability of an
abort due to an external event is about 1 in 2000 takeoffs. This is not extremely
remote per the new AC guidance. The applicant cannot combine the "jam probability"”
with the "probability of an abort". Therefore the applicant does not meet the new “no
single failure” criterion proposed by the ASAWG AC/AMC 25.1309 guidance.
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ASAWG disposition of Garmin Dissenting opinion - ASAWG reviewed Garmin’s
dissenting opinion above and recommended change to the wording of 11g. The
ASAWG has agreed to remove the parenthetical “e.g. RTO for a cause independent
from the failure” and the revised 11g is shown in 6.4.4.3.1 above. However, the
ASAWG disagrees with the removal of the parenthetical “e.g. operational events or
environmental conditions that are extremely remote”. It was felt that the example
“operational or environmental conditions that are extremely remote”, offered an
example for cases where one or more operational or environmental condition could
be stacked up to represent an unrealistic failure condition. This is not intended to
prevent other arguments such as the obscurity of the failure mode, but to provide one
example of an acceptable criterion.

6.4.4.6.2 Garmin dissenting opinions on HIRF and Lightning considerations in
25.1309, 25.1316, and 25.1307:

Garmin provided dissenting opinions on the HIRF and Lightning considerations in
25.1309, 25.1316, and 25.1307 (see chapter 6.4.4.5 “Alternatives considered and
why they weren’t chosen”).

Garmin Dissenting opinion (1):

Section 6.4.4.5 bullet 2:

Dissent: “The term safety analysis is too broad when related to probability of one
assumption. Typically for EME a probability of 1 is limited to common cause
analyses. Bullet 2 should also be clarified that numerical analysis is in relation to
probabilistic criteria.”

Recommendation: Current practice typically does not include the probabilities of
these environmental conditions in common cause analyses for initial certification,
although the probabilities at times are included in the safety analyses for continued
airworthiness determination. If numerical analysis is needed to show compliance to
probabilistic criteria, guidance on how this is done should be provided.

ASAWG disposition of Garmin Dissenting opinion (1):

ASAWG did not intend to imply that a probability of 1 should be used for analysis
other than common cause analyses. The ASAWG does not believe this is conveyed
by the sentence in bullet 2.

Garmin Dissenting opinion (2):

Section 6.4.4.5 bullet 5:

Dissent: It is not clear what this is asking for in relation to unique requirements. How
can the new group provide FMEA & PRA guidance for undefined requirements?
What is meant by the word “manage”? Testing ensures that there is no failure that
can affect the full up airplane so what is the purpose of FMEA?

ASAWG disposition of Garmin Dissenting opinion (2):

Though it could perhaps be worded better, the intent of this bullet was to ensure that
if the future committee identifies any unique requirements on how to treat HIRF and
Lightning in FMEAs and PRAs, then the future committee should also provide
guidance that is explicit for FMEAs and PRAs. Therefore no change is
recommended to proposal at this time.
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Garmin Dissenting opinion (3):

Section 6.4.4.5 bullet 5:

Dissent: This is already done today by the guidance provided in the HIRF/Lightning
AC.

Recommendation: This bullet should be removed or otherwise clarify more
specifically the concern.

ASAWG disposition of Garmin Dissenting opinion (3):

It was not clear to the ASAWG when reviewing the AC guidance that the test levels
adequately addressed multiple units providing redundancy for a specific function.
This was the intent of bullet 6. If the future committee concurs with the dissenting
opinion that the existing guidance adequately addresses this issue, then
recommendation can be ignored.

Garmin Dissenting opinion (4):

Section 6.4.4.5 bullet 7:

Dissent: The text of bullet 7 implies the current practice is unacceptable. The
language should be more neutral. It is the new committee responsibility to determine
what is acceptable.

Recommendation: The review should consider whether the current guidance/practice
establishes adequate system architecture requirements to protect the airplane when
the airplane configuration changes due to various reasons (MMEL, latent failures,
corrosion, etc.).

ASAWG disposition of Garmin Dissenting opinion (4):

ASAWG disagrees that the Bullet 7 implies that the current practice is unacceptable.
The intent was to identify the various aspects that the future committee should
consider.

Garmin Dissenting opinion (5):

Section 6.4.4.6.1 Dissenting opinion

Dissent: The ASAWG disposition of the Garmin dissent does not address the first
paragraph of the existing dissent (reference section 6.4.4.6.1, page 88). Further,
Garmin wishes to modify its existing dissent to include the following paragraph. This
paragraph will expand and clarify an existing point being made by Garmin, by the
current text, which was not fully understood.

Recommendation: “The example [i.e. operational events or environmental conditions
that are extremely remote] in paragraph 11g generated discussions with the ASAWG
on its potential impact for HIRF/Lightning design and testing. It was recommended by
the ASAWG that there should be a subsequent committee to address these issues
raised as documented in section 6.4.4.5 of the report. However given that the AC
25.1309 may be released prior to the formation of committee or even regulatory
acceptance of the recommendation it seems premature to adopt this example in the
AC that could result in additional costs to applicant if interpreted to apply to HIRF and
Lightning. These cost aspects have yet to be determined by the ASAWG. For
example, the interpretation of this criterion could result in the demonstration by test of
multiple level A paths to mitigate HIRF and lightning effects. ”

ASAWG disposition of Garmin Dissenting opinion (5):
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Report is clearly states that "With the exception of removing HIRF and Lightning from
the Appendix 4 table for reasons noted above, status quo for H/L considerations
should be maintained until that proposed future committee addresses them."
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Appendix A

6.4.5 Appendix to Latent Failure Task

6.4.5.1 Large Aircraft Cost Worksheets

C:\Safety\TAEIG WG
Final Report\Latent\A

C:\Safety\TAEIG WG
Final Report\Latent\A

C:\Safety\TAEIG WG
Final Report\Latent\A

6.4.5.2 Large Business Aircraft Cost Worksheets

C:\Safety\lAEIG WG

Final Report\Latent\A

C:\Safety\TAEIG WG
Final Report\Latent\A

6.4.5.3 Cessna Cost Worksheets

C:\Safety\TAEIG WG
Final Report\Latent\A
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Proposed 1309(b)

		Costs of compliance to proposed 25.1309(b)

		Note all costs in 2010 US$

		Company Name		AIRBUS

		Baseline rule		CS 25.1309 (b), associated AMC 25.1309 and specific latent failure criteria (applied by AIRBUS and agreed with EASA on A380, A350 program)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design										There may be higher costs in case of decision for additional redundancy to avoid lower check intervals and/or CMRs

		System architecture / Integration

		Safety Analysis

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)		Not known		Not known		Not known		Not known

		Weight impact (lb)

		Total		Not known		Not known		Not known		Not known

		Conclusion and recommendation		Main difference to show compliance to proposed 25.1309(b) in comparison to baseline rule is the need to show compliance to  the  limit  latency  requirement  "on the order of 1.0E-03" for dual cutsets (either of which is latent) across all systems. This may lead to lower check intervals, additional CMR, and/or may need additional redundancies to avoid lower check intervals and/or CMRs. Emergency systems may be mainly concerned. Higher maintenance costs for the operators may occur in case of the need of additional maintenance tasks. AIRBUS is not in the position to establish the potentially higher maintenance costs.

		Explanatory Notes (as needed)





Proposed 671(c)(2)

		Costs of compliance to proposed 25.671(c)(2)

		Note all costs in 2010 US$

		Company Name		AIRBUS

		Baseline rule		CS 25.671(c)(2), specific latent failure criteria for residual risk (applied by AIRBUS and agreed with EASA on A380, A350 program) and latent failure criteria of FAR/JAR 25.671 FCHWG ARAC recommendation in 2001

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design										Would architecture change? In what way (e.g. more or less redundancy, etc.)?

		System architecture / Integration

		Safety Analysis										Consider also the ASAWG proposed change to the FCHWG recommended AC

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0		0		0		0

		Conclusion and recommendation		No impact on safety

				No additional costs of compliance to proposed 25.671 (c)(2) in comparison to baseline rule

		Explanatory Notes (as needed)





Proposed 901(c)

		Costs of compliance to proposed 25.901(c)

		Note all costs in 2010 US$

		Company Name		AIRBUS

		Baseline rule		CS 25.901(c ) and specific latent failure criteria for residual risk (applied by AIRBUS and agreed with EASA on A380, A350 program)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design										Would architecture change? In what way (e.g. more or less redundancy, etc.)?

		System architecture / Integration

		Safety Analysis										There could be no significant cost difference if you already have to meet CS25.901(c)

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0		0		0		0

		Conclusion and recommendation		No impact on  safety

				No additional costs of compliance to proposed 25.901(c) in comparison 
to baseline rule

		Explanatory Notes (as needed)





Proposed 933(a)(1)(ii)

		Costs of compliance to proposed 25.933(a)(1)(ii)

		Note all costs in 2010 US$

		Company Name		AIRBUS

		Baseline rule		CS 25.933(a)(1)(ii), specific latent failure criteria for residual risk (applied by AIRBUS and agreed with EASA on A380, A350 program) and latent failure criteria of FAR/JAR 25.933 PPIHWG ARAC recommendation in 1999 (see AC933X, 8.b.2 and 8.b.3)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design										Would architecture change? In what way (e.g. more or less redundancy, etc.)?

		System architecture / Integration

		Safety Analysis										Consider also the ASAWG proposed revision to the PPIHWG recommended AC933-X regarding latent failure

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0		0		0		0

		Conclusion and recommendation		No impact on safety

				No additional costs of compliance to proposed 25.933(a)(1)(ii) in comparison to baseline rule

		Explanatory Notes (as needed)





Proposed 981(a)(3)

		Costs of compliance to proposed 25.981(a)(3)

		Note all costs in 2010 US$

		Company Name		AIRBUS

		Baseline rule		The baseline is the current 981(a)(3) at Amdt 25-125

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional

		(per aircraft group/type)		Hours		rate		Cost		Cost		Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		System Design										Would architecture change? In what way (e.g. more or less redundancy, etc.)?

		System architecture / Integration

		Safety Analysis (Note 1)										Consider also the ASAWG proposed revision to Arsenal AC regarding latent failure

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0		0		0		0

		Conclusion and recommendation		No impact on safety

				No additional costs of compliance to proposed 25.981(a)(3) in comparison to baseline rule

		Explanatory Notes (as needed)





Example 25.1419(e)(1) Primary

		Costs 25.1419(e)(1); Primary ice detection system

		Note all costs in 2009 US$

				Economic Analysis

		Manufacturer Non-recurring Costs				Hourly		additional

		(per aircraft group/type)		Hours		rate		cost		Cost

		System Design

		System architecture / Integration		3000		75				225000

		Ice detector positioning		300		75				22500

		Procedures for AFM, AOM/FCOM & MMEL		200		75				15000

		System Qualification / certification

		Ice detector qualification		300		75				22500

		Ice detection system certification		600		75				45000

		Flight tests (see note 1)		400		75		100000		130000

		Installation Design

		Installation drawings		500		50				25000

		Training

		Crew training program)		0						0

		Total		5300						485000

		Costs (per airplane)

		Hardware (Primary Ice Detector)						12000		12000

		Installation		50		50				2500

		Training costs		0		60				0

		Additional weight is 5 - 10 kg								0

		Total								14500



This is to provide the ASAWG an example of a cost analysis shown in the Federal Register, in this case for the ARAC Ice Protection HWG's recommended rules.  On this sheet, the cost of ADDING a new rule 1419(e)(1) that provides an option to install a primary ice detection system.  It is one of 3 options.  The other options are provided by (e)(2) and (e)(3) and their costs are shown on the next 2 sheets.



Example 25.1419(e)(2) Advisory

		Costs 25.1419(e)(2); advisory ice detection system + visual cue

		Note all costs in 2009 US$

				Economic Analysis

		Manufacturer Non-recurring Costs				Hourly		additional

		(per aircraft group/type)		Hours		rate		cost		Cost

		System Design

		System architecture / Integration		2500		75				187500

		Ice detector positioning		200		75				15000

		Visual cue determination / design		200		75				15000

		Procedures for AFM, AOM/FCOM & MMEL		200		75				15000

		System Qualification / certification

		Ice detector qualification		300		75				22500

		Visual cue substantiation		200		75				15000

		Ice detection system certification		300		75				22500

		Flight tests (See note 1)		400		75		100000		130000

		Installation Design

		Installation drawings		500		50				25000

		Training

		Crew training program		0		0				0

		Total		4800						447500

		Costs (per airplane)

		Hardware (Advisory Ice Detector)						6000		6000

		Installation		25		50				1250

		Training costs		0						0

		Additional weight is 5 - 10 kg								0

		Total								7250



Second of 3 examples from the IPHWG.  Here the option is an advisory ice detection system



Ex 25.1419(e)(3) Visual cue  

		Costs 25.1419(e)(3); visible moisture and temperature

		Note all costs in 2009 US$

		Airplanes already must be certificated with a means of knowing when to activate the ice protection system.  Currently the

		least expensive means is to certificate the operation based on observation of ice accretions. The incremental

		cost of certificating operation of the ice protection system based on visible moisture and temperature

		would be negligible.



Third and final example.
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ASAWG Cost Estimate

		2010$		Range

		Total Non Recurring per configuration		$13,000,000		$20,000,000

		Total Recurring per airplane $ Average		$34,000		$70,000

		Increase in Airline maintenance cost (reduced intervals)		Not assessed		Not assessed

		Added Fuel Burn per Airplane per year $		$2,000		$3,000



























Copyright © 2009 Boeing. All rights reserved.

david.b.merdgen@boeing.com, ASAWG Cost Estimate.ppt, * | *



ASAWG Cost Estimate |  Background

		Boeing applied SEER-H Parametric Model using industry knowledge bases to estimate ROM cost of rule change

		Assumes new aircraft model will have to meet new rule and guidance, delta cost from existing CFR 25.1309 Amendment

		Assumptions with respect to amount of design change required were based on review of 777 Fault Tree Analyses – 2 major changes (example would be system redesign to add redundancy), 2 medium changes, and 4 minor changes.  Medium and minor changes range from adding monitoring to reducing maintenance intervals. 









Copyright © 2009 Boeing. All rights reserved.

david.b.merdgen@boeing.com, ASAWG Cost Estimate.ppt, * | *





		The proposed changes to 25.1309 rule and guidance will affect OEM products and the entire ARAC team needs to clearly understand and be able to articulate the benefits of the change

		In order for this to be a viable rule change, the benefits to society, certification costs avoidance, etc. need to be communicated by the Working Group

		Boeing requests FAA help the working group articulate the benefits in a way that can be shown to clearly offset the significant cost involved

		If benefits cannot be articulated quantitatively, then, at the very least, previous Boeing caveats need to be followed which stated that the regulatory part of the bargain is clear in the ASAWG report and eventually the Rule Preamble; 

		That there is no justification for proliferation of specific risk in rules, guidance or issue papers. All future rules, guidance and issue papers should point to 25.1309 when considering specific risk.

		That applicability is clear, 25.1309 rule and guidance changes are not applied retroactively, and subject only to new aircraft, major derivative, or very large change per the Change Product Rule. All principles of CPR in effect.



ASAWG Cost Estimate | Boeing Request





@ﬂﬂf]ﬂﬂ
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Proposed 1309(b) & 901(c)

		Costs of compliance to proposed 25.1309b & 25.901c

		Note all costs in 2010 US$

		Company Name		EMBRAER

		Baseline rule		Indicate your baseline.  Is it the current rule, or the SDAWG recommendation in 2002 (i.e. CS25.1309(b))?								The current baseline is the FAA proposed rule in Draft NPRM (including Draft AC Arsenal which is the same as SDAWG recommendation 2002). 
It does already include compliance with CS 25.901c

				Proposal for Economic Analysis								Supplementary guidance

						Hourly		Additional

		Manufacturer Non-recurring Costs as compared to baseline rule compliance		Hours		rate		Cost		Cost		Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		X		Y		Z		X*Y + Z

		System Design

		System architecture / Integration

		Safety Analysis (Note 1 & 2)		4500		$70.00		$0.00		$315,000.00		All Systems Analysis for ASAWG proposed revision to Arsenal AC regarding latent failure - delta non reoccurring costs (30 Engineers x 150 HH each) - Hourly Rate - U$ 70.00

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance / Operator - (Note 2)								$28,000.00

		Weight impact (lb)

		Total								$28,315,000.00		considering a fleet of 1000 airplanes

		Conclusion and recommendation		State impact on safety - safety is maintained according to service data of several aircraft types.

				No change recommended

		Explanatory Notes (as needed)

		Note 1		Analysis is normally rolled into the overall "system design" cost.  But for ASAWG's purpose, it might be meaningful to extract this info from the overall category.

		Note 2		Assumption: Not considering the intent of "25.1309(a)(3)" since this was supposed to be similar as current Draft Arsenal 9.c.6 intent. This only addresses compliance with proposed "25.1309(b)(4)".



jpaik:
The architectures of some systems will change. It will drive in more redundancy

jpaik:
Typically the suppliers only need to fill in the last field

jpaik:
Shop Time required (or saving) to install and test more (or less) h/w

jpaik:



Others

		EMBRAER - Cost Impact Analysis for complying with proposed following requirements

		25.671(c)(2)		No additional cost expected to comply with new proposed 25.671(c)(2), which calls for 25.1309(b), since the current baseline is the ELOS to the FCHWG recommendation to 25.671.

		25.933(a)(1)(ii)		May result in some cost savings (parts, installation, logistics, warehouse, scheduled maintenance) and also some cost increase (engineering non-reocurring due to system design change analysis) to comply with new proposed 25.933(a)(1)(ii), which calls for 25.1309(b), since our current baseline is ELOS to the PPIHWG recommendation. This CB analysis is not performed because it depends on the engineering system design change analysis in order to determine what is the cost increase and savings.

		25.901(c )		No additional cost expected to comply with the proposed 25.901(c). See cost impact analysis for 25.1309(b).

		25.981(a)(3)		May result in some cost savings to comply with the proposed 25.981(a)(3), which calls for 25.1309(b), since our current baseline is the current rule.





Current


ARAC Proposed


Component failure rate (per 


FH)


6,43E-06


6,43E-06


Required maintenance task 


interval (FH)


1200


150


Maint cost per acft


$60,00


$60,00


Required maint task qty every 


1,200 FH per acft


1


8


Required maint task qty every 


80,000 FH per acft


67


533


$4.000,00


$32.000,00
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Proposed 1309(b)

		Costs of compliance to proposed 25.1309(b)

		Note all costs in 2010 US$

		Company Name		Dassault-Aviation

		Baseline rule		CS251309(b)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration		0				0		0

		Safety Analysis (Note 1)		~0				<100000		<100000		NRC  involve mainly the update of the in-house safety analysis tool to add some automation for checking the compliance to the new SR criteria  regarding latent failures .

		Procedures for AFM and/or Maintenance		0				0		0

		System Qualification / certification

		System certification		0				0		0		See safety analysis above

		Flight tests		0				0		0

		Installation Design

		Installation drawings		0				0		0		No impact

		Training

		Maintenance training program		0				0		0		CMR's already exist

		Crew training program		0				0		0

		Total						<100000		<100000

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0				0		0

		Conclusion and recommendation		Dassault currently applies similar but different specific risk criteria for all systems on Falcon 7X .The stated non recurring costs are related to the in-house Safety Analysis tool update (specification, implementation, validation training and release costs) .These costs are to be accounted only once for the Company , for tool is used for all Programs .The NRC would be rapidly amortized thanks to manhour costs spared for qualitative and quantitative cutsets analyses.Nevertheless, if applied to older Falcon programs, there would be additional NRC and RC costs, to be determined on a case-by-case basis.

		Explanatory Notes (as needed)

		Note 1





Proposed 671(c)(2)

		Costs of compliance to proposed 25.671(c)(2)

		Note all costs in 2010 US$

		Company Name		Dassault-Aviation

		Baseline rule		Derived from ARAC criteria agreed through CRI with EASA

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration		0				0		0

		Safety Analysis (Note 1)		0				0		0		See §1309 for NRC

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0				0		0

		Conclusion and recommendation		see §1309

		Explanatory Notes (as needed)

		Note 1





Proposed 901(c)

		Costs of compliance to proposed 25.901(c)

		Note all costs in 2010 US$

		Company Name		Dassault-Aviation

		Baseline rule		CS25.901

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration		0				0		0

		Safety Analysis (Note 1)

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0		No change to the current approach

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total										No change to the current approach

		Conclusion and recommendation		No impact

		Explanatory Notes (as needed)

		Note 1





Proposed 933(a)(1)(ii)

		Costs of compliance to proposed 25.933(a)(1)(ii)

		Note all costs in 2010 US$

		Company Name		Dassault-Aviation

		Baseline rule		PPIHWG recommendation

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration

		Safety Analysis (Note 1)										Process simplified

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0				0		0

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0				0		0

		Conclusion and recommendation		Safety maintained

		Explanatory Notes (as needed)

		Note 1		No change in design expected .





Proposed 981(a)(3)

		Costs of compliance to proposed 25.981(a)(3)

		Note all costs in 2010 US$

		Company Name		Dassault-Aviation

		Baseline rule		The baseline is the current 981(a)(3) at Amdt 25-125

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration		0				0		0

		Safety Analysis (Note 1)

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total		0				0		0

		Conclusion and recommendation		No impact

		Explanatory Notes (as needed)

		Note 1
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Proposed 1309(b)

		Costs of compliance to proposed 25.1309(b)

		Note all costs in 2010 US$

		Company Name		GULFSTREAM

		Baseline rule		Current baseline is ELOS to ARAC draft change to 25.1309(b)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration		0		0		0		0		Analysis would be done by Safety.  Impact to system design is not measurable because safety input is always paramount in the design process.

		Safety Analysis (Note 1)		~0		~0		~0		~0

		Procedures for AFM and/or Maintenance		0		0		0		0

		System Qualification / certification

		System certification		0		0		0		0		See safety analysis above

		Flight tests		0		0		0		0

		Installation Design

		Installation drawings		0		0		0		0		No Impact to Hardware Design identified

		Training

		Maintenance training program		0		0		0		0

		Crew training program		0		0		0		0

		Total		~0		~0		~0		~0

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)								0

		Total		0		0		0		0		No Impact to Hardware Design identified

		Conclusion and recommendation		Gulfstream currently applies similar but different specific risk criteria for several highly integrated systems that reach deep into analysis of other systems such as autopilot, NAV, displays, landing gear, braking, etc.  Therefore, even though there will be some changes in how safety analysis is approached the overall cost impact to perform a design and the analysis for compliance to that design is not considered to be measurable.

		Explanatory Notes (as needed)

		Note 1		Currently Gulfstream does not quantitatively review single plus latent failures upfront in the design process with the exception of flight controls, engines, fuel systems and thrust reversers.  However this covers most of the critical systems defined by the aircraft level analysis and the others are electronic/avionics in nature were GAC employs a minimum of triple redundancy.

Because aircraft level analysis is performed and the current airplane is highly integrated this single change is hard to assess without looking at the changes to the other system regulations.  Currently, Gulfstream has to evaluate the various specific risk criteria of 25.671, 25.901, 25.933 and 25.981 across several common systems and then determine the worst case condition, the simplification of not having to look at several different criteria is considered to out weigh any additional analysis required for the critical stand alone avionics and electrical systems on the aircraft.





Proposed 671(c)(2)

		Costs of compliance to proposed 25.671(c)(2)

		Note all costs in 2010 US$

		Company Name		GULSTREAM

		Baseline rule		Current baseline ELOS to the FCHWG recommendation to 25.671.

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration

		Safety Analysis

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0		Similar to current approach

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)								0

		Total		0		0		0		0		Similar to current approach

		Conclusion and recommendation		No impact





Proposed 901(c)

		Costs of compliance to proposed 25.901(c)

		Note all costs in 2010 US$

		Company Name		GULFSTREAM

		Baseline rule		Current baseline is CS 25.901 because we do joint certification.

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration

		Safety Analysis

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0		No Change to current approach.

		Costs (per airplane)

		Hardware added/deleted

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)								0

		Total		0		0		0		0		No change to current approach

		Conclusion and recommendation		No Impact





Proposed 933(a)(1)(ii)

		Costs of compliance to proposed 25.933(a)(1)(ii)

		Note all costs in 2010 US$

		Company Name		GULFSTREAM

		Baseline rule		Current baseline is ELOS to the PPIHWG recommendation.

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration										Simplifies the process and thus options.

		Safety Analysis (Note 1)

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total		0		0		0		0

		Costs (per airplane)

		Hardware added/deleted Note 2

		Installation

		Training costs

		Maintenance (operator)

		Weight impact (lb)								0

		Total		0		0		0		0

		Conclusion and recommendation		No Impact

		Explanatory Notes (as needed)

		Note 1		This would simplify the analysis done by our suppliers, the thrust reverser system analysis and our aircraft level analysis because the FADEC and CAS systems are involved in the analysis.

		Note 2		No hardware impact because of though they may be able to simplify there architecture to prevent inadverdent deployment in air they would not change their current design approach.





Proposed 981(a)(3)

		Costs of compliance to proposed 25.981(a)(3)

		Note all costs in 2010 US$

		Company Name		GULFSTREAM

		Baseline rule		The baseline is the current 981(a)(3) at Amdt 25-125

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional

		(per aircraft group/type)		Hours		rate		Cost		Cost		Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		System Design

		System architecture / Integration		0				0		0

		Safety Analysis (Note 1)		0				0		0

		Procedures for AFM and/or Maintenance		0				0		0

		System Qualification / certification

		System certification		0				0		0

		Flight tests		0				0		0

		Installation Design

		Installation drawings		0				0		0

		Training

		Maintenance training program		0				0		0

		Crew training program		0				0		0

		Total		0				0		0

		Costs (per airplane)

		Hardware added/deleted (Note 2)								0

		Installation		0				0		0

		Training costs		0				0		0

		Maintenance (operator)		0				0		0

		Weight impact (lb)		0				0		0

		Total		0		0		0		0

		Conclusion and recommendation		None

		Explanatory Notes (as needed)

		Note 1		Currently we have an exemption due to an inability to show compliance with the current requirements.  The recommended changes will make the regulation and guidance manageable.

		Note 2		This is a cost avoidance because currently the hardware is not compliant with the current requirements.





Example 25.1419(e)(1) Primary

		Costs 25.1419(e)(1); Primary ice detection system

		Note all costs in 2009 US$

				Economic Analysis

		Manufacturer Non-recurring Costs				Hourly		additional

		(per aircraft group/type)		Hours		rate		cost		Cost

		System Design

		System architecture / Integration		3000		75				225000

		Ice detector positioning		300		75				22500

		Procedures for AFM, AOM/FCOM & MMEL		200		75				15000

		System Qualification / certification

		Ice detector qualification		300		75				22500

		Ice detection system certification		600		75				45000

		Flight tests (see note 1)		400		75		100000		130000

		Installation Design

		Installation drawings		500		50				25000

		Training

		Crew training program)		0						0

		Total		5300						485000

		Costs (per airplane)

		Hardware (Primary Ice Detector)						12000		12000

		Installation		50		50				2500

		Training costs		0		60				0

		Additional weight is 5 - 10 kg								0

		Total								14500



This is to provide the ASAWG an example of a cost analysis shown in the Federal Register, in this case for the ARAC Ice Protection HWG's recommended rules.  On this sheet, the cost of ADDING a new rule 1419(e)(1) that provides an option to install a primary ice detection system.  It is one of 3 options.  The other options are provided by (e)(2) and (e)(3) and their costs are shown on the next 2 sheets.



Example 25.1419(e)(2) Advisory

		Costs 25.1419(e)(2); advisory ice detection system + visual cue

		Note all costs in 2009 US$

				Economic Analysis

		Manufacturer Non-recurring Costs				Hourly		additional

		(per aircraft group/type)		Hours		rate		cost		Cost

		System Design

		System architecture / Integration		2500		75				187500

		Ice detector positioning		200		75				15000

		Visual cue determination / design		200		75				15000

		Procedures for AFM, AOM/FCOM & MMEL		200		75				15000

		System Qualification / certification

		Ice detector qualification		300		75				22500

		Visual cue substantiation		200		75				15000

		Ice detection system certification		300		75				22500

		Flight tests (See note 1)		400		75		100000		130000

		Installation Design

		Installation drawings		500		50				25000

		Training

		Crew training program		0		0				0

		Total		4800						447500

		Costs (per airplane)

		Hardware (Advisory Ice Detector)						6000		6000

		Installation		25		50				1250

		Training costs		0						0

		Additional weight is 5 - 10 kg								0

		Total								7250



Second of 3 examples from the IPHWG.  Here the option is an advisory ice detection system



Ex 25.1419(e)(3) Visual cue  

		Costs 25.1419(e)(3); visible moisture and temperature

		Note all costs in 2009 US$

		Airplanes already must be certificated with a means of knowing when to activate the ice protection system.  Currently the

		least expensive means is to certificate the operation based on observation of ice accretions. The incremental

		cost of certificating operation of the ice protection system based on visible moisture and temperature

		would be negligible.



Third and final example.
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Proposed 1309(b)

		Costs of compliance to proposed 25.1309(b)

		Note all costs in 2010 US$

		Company Name		Cessna

		Baseline rule		CS25.1309(b)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration		25000		100		0		2500000

		Safety Analysis (Note 1)		32900		100		0		3290000

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings		25000		100				2500000

		Training

		Maintenance training program		20		100				2000

		Crew training program		20		100				2000

		Total								8294000

		Costs (per airplane)

		Hardware added/deleted								1000000

		Installation								500000

		Training costs

		Maintenance (operator)								500000

		Weight impact (lb) converted to $								1200000

		Total								19788000

		Conclusion and recommendation		Has it been shown that failing to consider specific risk in the analysis has caused accidents or incidents for this size aircraft?  No, it has not.  Therefore, there is no safety benefit that will be realized from these changes.  In addition, since system complexity has increased, it is more likely that subsequent incidents or accidents will be attributed to “crew error”, and that the accident rate will increase.

				Keep CS 25.1309(b) i.e. revise 14 CFR 25.1309 to agree with the CS.  Keep the Diamond Draft of AC 25.1309

		Explanatory Notes (as needed)

		Note 1		System architecture would radically change given the direction from TAD from the 2009 Savannah meeting.  In Phoenix, Cessna showed that system changes would need to be made to a traditional flight control system (autopilot) to comply.  Potential issues were in roll and pitch which would not meet the proposed numerical targets after a failure.  In addition, it was unlikely that the overvoltage case would not meet the proposed requirements.

		Note 2		That direction includes the following: if any regulators state a minority position, “we are done” and second, in a two order cutset for a catastrophic, the active has to be less than 1e-5 per flight hour.

		Note 3		The first "directive" severely limits the ability of Industry to discuss this in "good faith".

		Note 4		This second point means that the days of two engine part 25 non ETOPS aircraft are over.   This has a HUGE impact on the small business jet OEMs, and is not acceptable.

		Note 5		It has not been show that any of the other items that “failed” the ASAWG latent proposal have attributed to an accident or an incident on a Part 25 aircraft with an airframe life limit of 20,000 hours or less.

		Note 6		If this is implemented, system complexity would go up.  This would require additional training for the flight and maintenance crews and will introduce the opportunity for more errors in the cockpit.





Proposed 671(c)(2)

		Costs of compliance to proposed 25.671(c)(2)

		Note all costs in 2010 US$

		Company Name		Your Company

		Baseline rule		Company issue paper for 25.671(c)(2)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design

		System architecture / Integration

		Safety Analysis (Note 1)

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total								Unknown

		Conclusion and recommendation		If an applicant follows SAE ARP 4761 and reduces their trees, they will not be able to use the FCHWG recommendation to 25.671 (i.e. they will not be able to replace any gate  with a 1, and show that the remaining probability is anything other than a 1) and show compliance.

				Revise FCHWG on 25.671 to address these issues or expect Industry to continue the use issue papers to address showing compliance to 25.671 for non ETOPS part 25 aircraft.

		Explanatory Notes (as needed)

		Note 1		Cessna supports the continued use of the issue paper to show compliance to 25.671.





Proposed 901(c)

		Costs of compliance to proposed 25.901(c)

		Note all costs in 2010 US$

		Company Name		Your Company

		Baseline rule		Indicate your baseline.  Is it the current rule, or the SDAWG and PPIHWG recommendation? Keep in mind that the ASAWG recommendation is identical to the current CS25.901(c)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design										Would architecture change? In what way (e.g. more or less redundancy, etc.)?

		System architecture / Integration

		Safety Analysis (Note 1)										There could be no significant cost difference if you already have to meet CS25.901(c)

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification		2300		100		230000		230000

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total								230000

		Conclusion and recommendation		There is no safety impact as a result of this changes, only increased costs.  Our cost estimate is based on feedback from the Propulsion group and only takes into account the additional costs to document compliance to CS 25.901 (c).

				Since the CS imposes additional costs, but no increase in safety or changes to system architecture, we recommend that the baseline be moved back to 14 CFR 25.1309(c).

		Explanatory Notes (as needed)

		Note 1		Analysis is normally rolled into the overall "system design" cost.  But for ASAWG's purpose, it might be meaningful to extract this info from the overall category.





Proposed 933(a)(1)(ii)

		Costs of compliance to proposed 25.933(a)(1)(ii)

		Note all costs in 2010 US$

		Company Name		Your Company

		Baseline rule		Draft version of AC 25.933X plus a required demonstrated in flight deployment of one fuselage mounted thrust reverser

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional				Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		(per aircraft group/type)		Hours		rate		Cost		Cost

		System Design										Would architecture change? In what way (e.g. more or less redundancy, etc.)?

		System architecture / Integration

		Safety Analysis (Note 1)										Consider also the ASAWG proposed revision to the PPIHWG recommended AC933-X regarding latent failure

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total

		Conclusion and recommendation		Since Cessna has to do the analysis to satisfy 25.1309 AND deploy one thrust reverser in flight to show the effects are Major or less, Cessna proposes excepting  fuselage mounted engines with thrust reversers from the requirements of 25.933(a)(1)(ii)

				Cessna proposes excepting small part 25 aircraft with fuselage mounted engines and thrust reversers from the requirements of 25.933(a)(1)(ii).

		Explanatory Notes (as needed)

		Note 1		Analysis is normally rolled into the overall "system design" cost.  But for ASAWG's purpose, it might be meaningful to extract this info from the overall category.





Proposed 981(a)(3)

		Costs of compliance to proposed 25.981(a)(3)

		Note all costs in 2010 US$

		Company Name		Your Company

		Baseline rule		The current baseline is an issue paper for showing copmplinace to 25.981(a)(3)

				Proposal for Economic Analysis								Supplementary guidance

		Manufacturer Non-recurring Costs as compared to baseline rule compliance				Hourly		Additional

		(per aircraft group/type)		Hours		rate		Cost		Cost		Show the deltas between your current compliance (baseline above) and the ASAWG proposed change.

		System Design										Would architecture change? In what way (e.g. more or less redundancy, etc.)?

		System architecture / Integration

		Safety Analysis (Note 1)										Consider also the ASAWG proposed revision to Arsenal AC regarding latent failure

		Procedures for AFM and/or Maintenance

		System Qualification / certification

		System certification

		Flight tests

		Installation Design

		Installation drawings

		Training

		Maintenance training program

		Crew training program

		Total

		Costs (per airplane)

		Hardware added/deleted										Typically the suppliers only need to fill in the last field

		Installation										Shop Time required (or saving) to install and test more (or less) h/w

		Training costs

		Maintenance (operator)

		Weight impact (lb)

		Total

		Conclusion and recommendation		This has not been shown to be a concern on small part 25 busniess jets, therefore they should be excempt from showing compliance to 25.981(a)(3) or the issue paper route should continued to be allowed.

				The shortest path to solving this issue is to allow industry to continue the use of issue papers to address showing compliance to 25.981(a)(3) until the other activity involving a probabilistic approach has run it's course.

		Explanatory Notes (as needed)

		Note 1		Analysis is normally rolled into the overall "system design" cost.  But for ASAWG's purpose, it might be meaningful to extract this info from the overall category.





Example 25.1419(e)(1) Primary

		Costs 25.1419(e)(1); Primary ice detection system

		Note all costs in 2009 US$

				Economic Analysis

		Manufacturer Non-recurring Costs				Hourly		additional

		(per aircraft group/type)		Hours		rate		cost		Cost

		System Design

		System architecture / Integration		3000		75				225000

		Ice detector positioning		300		75				22500

		Procedures for AFM, AOM/FCOM & MMEL		200		75				15000

		System Qualification / certification

		Ice detector qualification		300		75				22500

		Ice detection system certification		600		75				45000

		Flight tests (see note 1)		400		75		100000		130000

		Installation Design

		Installation drawings		500		50				25000

		Training

		Crew training program)		0						0

		Total		5300						485000

		Costs (per airplane)

		Hardware (Primary Ice Detector)						12000		12000

		Installation		50		50				2500

		Training costs		0		60				0

		Additional weight is 5 - 10 kg								0

		Total								14500



This is to provide the ASAWG an example of a cost analysis shown in the Federal Register, in this case for the ARAC Ice Protection HWG's recommended rules.  On this sheet, the cost of ADDING a new rule 1419(e)(1) that provides an option to install a primary ice detection system.  It is one of 3 options.  The other options are provided by (e)(2) and (e)(3) and their costs are shown on the next 2 sheets.



Example 25.1419(e)(2) Advisory

		Costs 25.1419(e)(2); advisory ice detection system + visual cue

		Note all costs in 2009 US$

				Economic Analysis

		Manufacturer Non-recurring Costs				Hourly		additional

		(per aircraft group/type)		Hours		rate		cost		Cost

		System Design

		System architecture / Integration		2500		75				187500

		Ice detector positioning		200		75				15000

		Visual cue determination / design		200		75				15000

		Procedures for AFM, AOM/FCOM & MMEL		200		75				15000

		System Qualification / certification

		Ice detector qualification		300		75				22500

		Visual cue substantiation		200		75				15000

		Ice detection system certification		300		75				22500

		Flight tests (See note 1)		400		75		100000		130000

		Installation Design

		Installation drawings		500		50				25000

		Training

		Crew training program		0		0				0

		Total		4800						447500

		Costs (per airplane)

		Hardware (Advisory Ice Detector)						6000		6000

		Installation		25		50				1250

		Training costs		0						0

		Additional weight is 5 - 10 kg								0

		Total								7250



Second of 3 examples from the IPHWG.  Here the option is an advisory ice detection system



Ex 25.1419(e)(3) Visual cue  

		Costs 25.1419(e)(3); visible moisture and temperature

		Note all costs in 2009 US$

		Airplanes already must be certificated with a means of knowing when to activate the ice protection system.  Currently the

		least expensive means is to certificate the operation based on observation of ice accretions. The incremental

		cost of certificating operation of the ice protection system based on visible moisture and temperature

		would be negligible.



Third and final example.
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6.4.5.4 Example of FAR/CS 25.1309(b)(4)

The following example illustrate how the quantitative criteria of FAR/CS 25.1309
(b)(4) is to be implemented. The methodology used is based on the identification of
the minimal cut sets associated with the top event of the generic system level fault
tree provided in Figure 7-1.

The term minimal cut set refers to the smallest set of components whose failure is
sufficient to cause system failure or in this case the failure condition of concern. The
list of cut sets should be produced by cut set order. This will group all dual order cut
sets or failure combinations. The list of dual order cut sets should then be reduced
further based on the probability of each cut sets. Dual failures whose probability is
less than 1E-12/FH need not be considered for further analysis. The entire list of cut
sets of the fault tree in Figure 7-1 are provided in Table 7-1.

The cut sets that contain a basic event that is latent for more than one flight are then
identified from the list in Table 7-1. The probability of each of these latent events
should be less than 1E-3. Then group those dual order cut sets that contain the
same latent basic event. For each group assume that latent basic event has failed
and sum the remaining active failure probabilities. For each group the sum of the
active failures should be less than 1E-5/FH. An alternative but more conservative
method would be to rerun the fault tree probability calculation assuming for each
model rerun that a different latent basic event had failed.

The result of the limit latency analysis is provided in Table 7-1. Events L002, L0O03,
LO04 and LOO5 comply with the requirements of FAR/CS 25.1309(b)(4)(ii), Latent
event LOO1 is not in compliance.

The result of the residual risk analysis is also provided in Table 7-1. Cutsets #1, #2
and #5 comply with the requirements of FAR/CS 25.1309(b)(4)(i), Cutset #3 fails to
comply due to active event A002.
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Figure 7-1. Example of FAR/CS 25.1309(b)(4) Fault Tree
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TOP Event = 9.98E-10/FH

# | Inputs | Description (per\;ar;[gur) E)((Egjf)re Event Prob | Probability Application of 25.1309(b)(4)
1 A001 ACT 1 1.0E-7 1 1.0E-7 4.50E-10 It does NOT meet the limit latency criterion since
L001 | LAT1 | 9.0E-6 1000 4.5E-3 LOOT is higher than 1E-3.
, |A003 | ACT3 | 6.5E7 ! 65E7 | g4 |Itdoes mest both residual risk and limit latency
L004 | LAT4 2.0E-6 500 5.0E-4 criteria.
3 A002 ACT 2 2.0E-5 1 2.0E-5 2 00E-10 It does NOT meet the residual risk criterion since
A002 ACT 2 2 0E-5 1 2 0E-5 Although LOO1 is higher than 1E-3 and A0O2 is
' ' higher than 1E-5/FH, this is NOT applied since is
4 | LOO1 LAT 1 9.0E-6 1000 4.5E-3 2 95E-11 |more than dual failure combination.
L002 LAT 2 5.0E-6 100 2 5E-4 Note: LOO1 is the same failure that contributes in failure
combination #1.
A004 ACT 4 1.0E-6 1 1.0E-6 Although It does meet both residual risk and limit
5 5.00E-13 |latency criteria, this is NOT applied to this failure
L005 LAT 5 1.0E-7 10 5.0E-7 combination since it is lower than 1E-12/FH.

Flight Time = considering 1 hour of flight.

P

[Lat x] =

FRxT

Table 7-1: Example of FAR/CS 25.1309(b)(4) Minimal Cut Set
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6.4.5.5 Comments to chapter 6.4.1

The following comments to chapter 6.4.1 were provided. These general comments should
be reviewed when preparing the final NRPM.

Comments from ANAC:

Comments from
ANAC to Final ASAW(

Comments from the FAA:

Comments from FAA
to Final ASAWG Repa

Note: The dissenting opinion #1 and #2 and the significant comment #1 and #2 in the

above attached file are reviewed in detail in chapter 6.4.1.6 “Dissenting Opinion and
Discussion” of this report.

Comments from the Boeing:

Boeing agrees with the recommendation of the ASAWG, however, we request that it be
noted in the report that our acceptance is contingent on the entire set of recommendations
being followed. Selecting particular items out of the recommendation (like implementing
the latent rule and guidance changes in 25.1309 without changing the associated specific
risk regulations (25.671, 25.933, etc.)) will cause Boeing to re-evaluate the costs and
benefits of this change.

Boeing also requests that it be documented that applicability is clear, the rule and
guidance are not applied retroactively; i.e. Change Product Rule 14 CFR 21.101 applies.

Finally, Boeing wants to ensure that it is clear that the failure condition considered in the
new latency rule is not the result of a single failure and an environmental or operational
condition (covered by paragraph 11g of AC 25.1309 proposal) and recommends additional
discussion of this in the preamble to the rule.

Comments from Garmin:

ARAC ASAWG Report April 2010 Rev 5.0



Suggestion for Latent Failure Task Example (ASAWG Report Rev. 5 – Draft 1, Section 7.1.1.4)

Recommended FAR/CS 25.1309(b)(4)(i) requires that “given any single latent failure has occurred, the combined probability due to any subsequent single failure is remote”. In addition, recommended Section 9.b.(6) to be added to Arsenal Draft of AC/AMC 25.1309 states at some point that “residual risk is the sum of single active components(s) that have to be combined with the single latent failure to result in the Catastrophe”. The terms “combined” and “sum” of the statements above should be addressed clearly on the example to the §FAR/CS 25.1309(b)(4) provided in the report in order to reinforce that compliance with FAR/CS 25.1309(b)(4)(i) is not achieved by directly comparing each subsequent single failure with the 1E-5/FH probability.

With the intent to address the combined probability of the subsequent single failure, the text example provides two valid alternatives:

1) Group the dual order cut sets that contain the same basic event, sum the remaining active failure probabilities and ascertain that the sum is less than 1E-5/FH, or;


2) Rerun the fault tree probability calculation for each latent event assumed failed.


Although the text of the appendix is clear on the method to be deployed, the specific example provided in Figure 7-1 and Table 7-1 is reduced in a way that the combination or the sum of the remaining failure probabilities is not necessary. Moreover, in cut set #3 the conclusion is that “It does NOT meet the residual risk criterion since A002 is higher than 1E-5/FH” which, although correct for the example, could lead to the misinterpretation that the analysis is performed by directly comparing each individual active failure probability with 1E-5/FH. It is worth to set forth an example that would as well address the grouping and combination of remaining active failures in order to avoid that kind of misinterpretation. As an example, one of many possible changes to expand the example to include this case is hereby proposed. The changes implemented in the example are: Setting failure rate for event L003 to 1E-6 and add event L003 combined with event L005 in gate 8. Differences in the cut set table are highlighted in blue.


[image: image1.emf]
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TO: Roger and Ed

The FAA team submits comments on section 6.4.1 of the draft Final Report
produced from the Cologne meeting as shown below. Our comments are
organized in three categories:

o “EDITORIAL” comments are made for readability, clarification, or simply
a feedback. They do not represent dissenting opinions. They are
highlighted by “comment bubbles” on the right side of the pages.

e “SIGNIFICANT”. They are “open items” to address at some point. They
are shown in boxes under the paragraph(s) of interest.

o “DISSENTING OPINIONS.” We have 2 dissenting opinions, both of which
were mentioned at the Cologne meeting. They are shown in boxes under
the paragraph(s) of interest.

Last but not least, we thank you both, and the WG members, for your efforts on
this project.

6.4.1 Latent Failure Task

In accordance with the ASAWG tasking, the ASAWG assessed the specific risk
aspects of latent failures and developed recommendations.

Previous ARAC harmonization working groups (e.g. Flight Controls, Power Plant
Installations, and Systems Design and Analysis) as well as regulatory agencies,
produced varying recommendations to limit the impact of latency on the safety of
critical airplane systems. These recommendations have found their way into the
certification of several recent aircraft through Issue Paper (IPs) and/or Certification
Review Items (CRIs). Although, the subject of latent specific risk analysis was
addressed, the recommendations were not consistent. The changes recommended in
this section start from the proposals of those working groups because many of these
recommendations are already being complied with by the Industry. However, the
ASAWG only reviewed the areas related to specific risk of latent failures, therefore,
only those changes are discussed and evaluated for benefits and cost. The cost /
benefits section of this report does not account for the safety benefits and/or cost that
had already been identified by the previous working groups.

After reviewing the existing regulations and the recommendations from the various
harmonization-working groups, the ASAWG established a change recommendation
for FAR/CS 25.1309(b) and AC/AMC 25.1309 (9)(b)(6) & (9)(c)(6). This change
recommendation shall serve as a means to ensure a standardized consideration of
latent specific risk across all systems. Consequently other material like regulations,
AC/AMC, ARAC recommendations still considering latent specific risk with different
approaches have to be changed to point to the revised FAR/CS 25.1309(b) and
AC/AMC 25.1309 (9)(b)(6) & (9)(c)(6). [For the benefits defined in Section 6.1.4.1 of
this report to be realized, not only must all these changes be made, but any future
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ARAC tasks to system level working groups should point to the revised FAR/CS
25.1309(b) and AC/AMC 25.1309.

This document collects the rationale for each proposed regulation change
recommendation to FAR/CS 25.629, FAR/CS 25.671, FAR/CS 25.901, FAR/CS
25.933, FAR/CS 25.981, and FAR/CS 25.1309(b). In addition, the rationale for each
proposed related guidance change recommendation is provided. This rationale is
intended to identify the limits the rules and guidance were developed under with the
intent to prevent misunderstanding and requirements creep in the future. This
preamble also provides a storage facility for describing why a change is being made,
what alternatives were considered, and what is the benefit (safety or otherwise) of
each change.

The key benefit Industry saw after several years of review and discussion was
harmonization and consistency across all systems and between various regulation
bodies. Early, in the Task 4 efforts TAEIG identified to the ASAWG that documented
safety benefits would be difficult if not impossible and the focus should be placed on
harmonization and consistency. The benefits identified by the working group of
implementing the proposed changes would be invalidated without the complete
implementation of all the changes in total by both the FAA and EASA. Therefore, it
was a unanimous position from manufacturers that the proposed changes are either
implemented in total or should not be implemented at all. Unlike previous working
groups that were tasked to respond to a specific event or threat that had occurred,
this effort is more of a harmonization across the aircraft and regulatory bodies. The
identification of potential measurable safety benefits would require a forecast of a
potentially hazardous or catastrophic event therefore, only [qualitative safety benefits
were identified.

The term “... on the order of 1/1000 or less.” in FAR/CS 25.1309(b)(4)(ii)) was
selected over a qualitative term such as probable because the historical use of this
term in the current regulations and guidance material are not consistent. In some
cases it is meant to define conditions that are between 1E-3 and 1E-5 while other
uses in the same guidance define it as conditions between 1.0 and 1E-5. The
identification of a new term that would take on the meaning of “on the order of 1/1000
or less” was also entertained; however, this was abandoned because of the potential
confusion between “probable” and this new term. A specific number was not used
because it was felt by all and with several examples provided where existing
systems, that had substantial field history and mature production were slightly higher
than the 1E-3 criterion. The statement “on the order” would enable the manufactures
to present an argument to the authorities using state-of-the-art, maturity, statistical
certainty, etc. when the number exceeds the 1E-3 criterion.

SIGNIFICANT #1.

The FAA has concerns about the term “on the order of” directly being in the
rule. It makes little sense to define a specific numerical threshold and then
intentionally make it vague. This will lead to the obvious question: what does
“on the order of” mean numerically? The example in the Appendix clearly
shows the intent is not to exceed the 1/1000 criterion, except in rare cases
whose rationale can be presented as illustrated in the last sentence of this
paragraph.
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In lieu of using “on the order of,” the FAA would prefer to preface the
25.1309(b)(4)(ii) requirement with “Unless otherwise approved by the
authority.” This would achieve the same objective, which is flexibility in rare
cases.
The criteria defined under FAR/CS 25.1309(b)(4) is not applicable to single failures in
combination with operational or environmental conditions leading to a catastrophic
effect because it is already covered by FAR/CS 25.1309(b)(1)(ii) and its associated
guidance addressed in Arsenal Draft of AC/AMC 25.1309 (e.g section 11(g)).

The decision to apply this criteria to only catastrophic failure conditions involving two

12 was established based on a cost benefit analysis. A thorough review of existing
system level fault trees identified only those cut-sets associated with two or less
reasons:

e Catastrophic failure conditions must not be anticipated to occur during any flight in the
fleet life of the airplane type, even those operated with latent failures present, while
\hazardous failure conditions are expected to occur on occasionL 7777777777777777

e Given the probabilities being considered for catastrophic conditions, any levels |

chosen for hazardous would give insignificant, if any, improvement relative to |

the amount of work involved.

e Hazardous events will be corrected through in-service processes with
procedures, and guidelines in place to correct them.

o Effort would be diluted on issues that are less significant, instead of focusing
limited resources on the most important issues.

e Existing regulations with specific risk criteria (e.g. FAR 25.671, 25.981,

Finally, the 1E-12 limit criterion was \adopted to reduce the analytical burden by assuming

that any situation meeting this criteria inherently has sufficient risk margin to safely
accomodate the expected risk increase due to operating with a latent failure presen}g 7777777
Initially, active failures were included under the review of specific risk; however,
based on the following it was determined that the existing average risk requirements
of FAR/CS 25.1309 and associated guidance already adequately addressed these
issues:

e Active failures by their nature are not hidden and will be responded to by
maintenance prior to the next flight, therefore, no flight will start one failure
away from a catastrophic condition.

e Active-active conditions are adequately covered by average risk
assessments because economics prevent unbalanced systems with one item
having a high failure rate.

In addition, regulations such as FAR/CS 25.783 and FAR/CS 25.1709 that have
specific design criteria related to these active failures were reviewed but later
excluded from any proposed changes. The Working Group decided that it was
appropriate for specific active failure and latent failure design guidance that were
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Comment [MM5]: EDITORIAL to
support FAA's dissenting opinion #1
below.

This rationale does not recognize that
part of the reason for the outcome of
the review is that latent failures
leaving the airplane one failure away
from a catastrophe are currently
expressly regulated in some
instances by specific risk criteria that
ASAWG is proposing be changed.
For example, §25.933 equivalent
safety findings made based upon
ARAC recommendations didn’t even
allow latency in any catastrophic dual
failure scenario and required a
minimum reliability be demonstrated
for each independent means of
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generated from lessons learned to be retained in the specific system paragraphs and
further reference to compliance to 25.1309 was not required.

Finally, because these changes provide no measurable safety reduction at the
aircraft yet include the general system requirements provided in FAR/CS 25.1309
that are applicable across all systems they should not be applied retroactively and
should only include those certifications that require a new certification basis.

6.4.1.1 Applicability of the Recommended Rules/ACs

These changes will apply to new TCs and will not be applied retroactively,
recognizing that the change product rule FAR/CS 21.101 and continued
airworthiness (part 39) regulations appIyL

6.4.1.2 The Recommendations

Change recommendations for FAR/CS 25.1309(b) and Arsenal Draft of AC/AMC
25.1309 25.1309 (9)(b)(6) & (9)(c)(6):

Add to FAR/CS 25.1309(b):

“25.1309 b(4) For each catastrophic failure condition that results from two failures,
either of which is latent for more than one flight, it must be shown that -

(i) Given any single latent failure has occurred, the combined probability due to any
subsequent single failure is remote; and

(ii) The probability of occurrence of the latent failure is on the order of 1/1000 or less.”

Add to Arsenal Draft of AC/AMC 25.1309, Section (9)(b)(6):

Latent Failure Conditions

In addition to the general guidance for significant latent failures elsewhere in this
AC/AMC, the following evaluations are performed where a latent failure combination
(i.e. one or more latent failures) can be present for more than one flight and leave the
airplane one failure away from a catastrophe. Failure combinations (i.e. one evident
and one or more latent failures) smaller than 1E-12/fh provide design margin
inherently greater than that established by the criteria below and therefore do not
need to be considered.

Whenever practical, these latent failures should be avoided. Means of avoidance
include but are not limited to: eliminate the latent failure as discussed in paragraph
9(c) or add redundancy.

_4 Comment [LL9]: EDITORIAL.
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DISSENTING OPINION #1.

As stated at meeting #14 in Cologne, we agree with this AC material that
“whenever practical, these latent failures should be avoided.”, but we are
concerned this will not be enforceable and is “rulemaking by AC” given the
intent of the AC material. Moreover, EASA and FAA both conveyed to the WG
that without a means to back this up, the level of safety provided by the ARAC
25.933 recommendation could be unacceptably compromised. We re-iterate
the necessity and importance of having a rule requiring elimination or
minimization of significant latent failures unless impractical.

Where these latent failures are not avoided each case should be highlighted to the
authorities as early as possible. For those cases where it is specifically requested by
the authorities, the safety assessment should explain why avoidance is not practical,
and provide supporting rationale for the acceptability. Rationale should be based on
past experience, sound engineering judgment or other arguments, which led to the
decision not to implement other potential means of avoidance.

When a case is limited to two failures, either of which is latent that cannot practically
be avoided, compliance with FAR/CS 25.1309(b)(4) provides acceptance criteria.
Two criteria are implemented in the rule, limit latency and residual risk. Limit latency
is intended to limit the time of operating with a latent failure present. This is achieved
by requiring the average probability for the latent failure to be on the order of 1E-3 or
less. Residual risk is intended to limit the average probability per flight hour of the
failure condition given the presence of a single latent failure. This is achieved by
defining the residual risk to be remote. Residual risk is the sum of single active
component(s) that have to be combined with the single latent failure to result in the
Catastrophe.

Appendix XX gives simplified examples explaining how the limit latency and residual
risk analysis might be applied.

Change to Arsenal Draft of AC/AMC 25.1309, Section (9)(c)(6):

The use of periodic maintenance or flight crew checks to detect significant latent
failures when they occur is undesirable and should not be used in lieu of practical
and reliable failure monitoring and indications. Where this is not accomplished, the

Rationale:

In accordance with the ASAWG tasking, the ASAWG assessed the various
regulations, AC/AMC, ARAC recommendations and industrial practices in order to
determine if and how latent specific risk is addressed in the frame of system safety
processes for different systems. Further consideration were given to whether the
methodologies were adequate, appropriate and applied consistently across systems.
ASAWG came to the \conclusion that a consistent approach across systems is not
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currently being achieved and has to be established to assure the standardized
approach across systems needed to properly evaluate system safety at the aircraft
level. The FAR/CS 25.1309 is the natural candidate to host the standardized
boundaries exclude specific risk associated with airframe structures and exclude
methodologies not covering airplane certification.

This standardized approach for latent specific risk takes into account the following
aspects in accordance with the ASAWG tasking,, the established specific risk
definition, and the identified fundamental issues around latent specific risk:

e Assure a warranted level of specific risk regulation to avoid over- or under-
regulation

e Concentrate on the specific risk of concern when the airplane is one failure
away from a catastrophe on a given flight due to latent failures

e Give special consideration to the avoidance of latent failures, whenever
practical

e Give special considerations to the avoidance of undue burden on the applicant
and regulatory authorities

e Do not address latent specific risks, if they lead to a failure condition of
Hazardous, in accordance with existing regulations and recommendations
related to latent specific risk

e Do not address specific risks, if they lead to a failure condition of Major or less
severe criticality, in accordance with the ASAWG tasking boundaries

e Establish a single consistent objective quantitative criteria and methodology to
limit the worst anticipated residual risk for catastrophic failure conditions given
any single latent failure has occurred

e Establish a single consistent objective quantitative criteria and methodology to
limit latency for catastrophic failure conditions

e Establish screening criteria (or filters) to determine which failure conditions will
have additional specific risk criteria applied

e Prevent the average risk being significantly below the 1e-9 criterion (i.e.
unnecessary additional redundancy)

¢ Prevent negative consequences for maintenance

e Continue to allow qualitative analysis for simple and conventional systems

When developing the new requirements for FAR/CS 25.1309(b)(4) there was a desire
to keep the acceptance criteria for both limit latency criteria and limit residual in the
qualitative terms currently being used by the Industry. This would provide the
continued application of what the definition of on-the-order meant when saying must
satisfy the remote or improbable conditions. However, in reviewing the current AMC
25.1309 or the proposed Arsenal Draft of AC/AMC 25.1309 the term probable had
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two meanings. Therefore it was decided to use “... on the order of 1/1000 or less.” in
lieu of the term probable.

The decision to limit the specific risk criteria to only two-order cut sets was made after
an extensive review by industry was conducted on several certificated aircraft. The
system level fault trees were reviewed for conditions involving latent failure events.
There was a significant difference in the number of cut sets that had to be reviewed
between two and three order cut sets yet the additional work did not identify any
additional concerns. From these reviews, the cut off criteria of 1E-12 and only
reviewing two-order cut sets was established to limit the amount of analysis required
to show compliance to the new specific risk criteria. The average risk analysis is
used to assess the three or more failure combinations.
Industry was concerned about the proliferation and use of the qualitative statements
in AC/AMC 25.1309 Section (9)(b)(6) “Whenever practical, these latent failures
should be avoided. Means of avoidance include but are not limited to: eliminate the
latent failure as discussed in paragraph 9(c) or add redundancy” beyond the intent of
the Working Group. Therefore the third paragraph was added to stress that there is
known latent conditions that continue to reside in aircraft systems that have proven
over time to be impractical to design around or eliminate and thus the quantitative
criteria of 14CFR 25.1309(b)(4) was ultimately the adequate mitigation.

The criteria defined under FAR/CS 25.1309(b)(4) is not applicable to single failures in
combination with operational or environmental conditions leading to a catastrophic
effect because it is already covered by FAR/CS 25.1309(b)(1)(ii) and its associated
guidance addressed in Arsenal Draft of AC/AMC 25.1309 (e.g section 11(g)).

Finally, it was recognized that the introduction of a new aircraft level requirement for
specific risk may introduce potential confusion on what check interval should drive
the CCMR as discussed in AC/AMC 25.1309 Section (12)(c). Because the limit
latency criteria of on the order of 1/1000 or less is in addition to the average risk
criteria the one that produces the lowest check interval should be used. The Working
Group thought this was already clear in the AC/AMC because there were no
exclusions; therefore, no change was made to Section (12)(c) of the AC/AMC.

Change recommendations in the area of FAR/CS 25.629, FAR/CS 25.671,
FAR/CS 25.901, FAR/CS 25.933 and FAR/CS 25.981

Change AC/AMC 25.629-1A, Section (c)(3)(c):

“Any damage or failure conditions considered under §25.571, §25.631, and §25.671.
The actuation system minimum requirements should also be continuously met after
any combination of failures not shown to be extremely improbable {eceurrence-less
Loss of dual electric system or dual hydraulic systems are not normally considered
extremely improbable. —erany-single-failure-in-combination-with-any-probable-electric
hverauli £l 5 671). | ; I |
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Rationale:

The advisory circular (AC) guidance requires the applicant when reviewing certain
dual failure combinations to consider adding additional redundancy or reducing
inspection intervals. The new 25.1309 limit latency requirement provides quantitative
guidance for determining whether the inspection interval is appropriate. This will
ensure consistent application. With regard to adding redundancy for single active
plus latent failure combinations equivalent language has been added to 25.1309 AC
“...Whenever practical, these latent failures should be avoided. Means of avoidance
include but are not limited to: eliminate the latent failure as discussed in paragraph
9(c) or add redundancy....”

However, the ASAWG decided not to consider changes to FAR/CS 25.629. The
ASAWG believes that the guidance for validating failure rates and other assumptions
in the 25.1309 AC is sufficient for ensuring adequate redundancy in these situations.
For example, a 25.1309 analysis would typically conclude that dual generator or dual
hydraulic systems are not extremely improbable.

SIGNIFICANT #2

The FAA continues to believe that revising AC 25.629-1A should only be done after
consulting with the flutter community.

We therefore ask that each OEM represented on the ASAWG contact their flutter
experts and explain the ASAWG proposed changes to 25.671 and 25.1309 and
associated guidance, and the proposed solution for AC 25.629. The ASAWG-
proposed change to AC 25.629 should be discussed as well as the FAA proposal,
shown below. We also ask that those flutter experts, or appropriate representatives,
then contact Todd Martin (todd.martin@faa.gov) to provide their opinion on changes
to AC 25.629.

FAA-proposal for AC 25.629-1A, Section 5.c.(3)(c):

“Any damage or failure conditions considered under 88 25.571, 25.631, 25.671, and
25.13009.

The actuation system minimum requirements should also be continuously met after
any combination of failures not shown to be extremely improbable (occurrence less
than 10-9 per flight hour). However, certain combinations of failures, such as dual
electric or dual hydraulic system failures, or any single failure in combination with
certain electric or hydraulic system failures, are not normally considered extremely
improbable based on service history. Therefore, a qualitative assessment should also
be conducted in addition to the quantitative assessment. The latent failure criteria of
8
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§ 25.1309(b)(4) must also be considered. The reliability assessment should be part of
the substantiation documentation.”

Change FAR/CS 25.671(c)(2):

(c) The airplane must be shown by analysis, test, or both, to be capable of continued
safe flight and landing after any of the following failures, including jamming, in the
flight control system and surfaces (including trim, lift, drag, and feel systems) within
the normal flight envelope, without requiring exceptional piloting skill or strength.
Probable failures must have only minor effects and must be capable of being readily
counteracted by the pilot.

(2) Any combination of failures not shown to be extremely improbable.
Furthermore, the flight controls must comply with §25.1309(b)(4). This

paragraph excludes failures of the type defined in (c)(3). -exeludingjamming
{forexample,-dual-electrical-or-hydradlic-system-failures;-orany-single-failure

i i

) binati o bable hvdraul lectricakfaiure).
Change FAR/CS 25.671(c)(3)(iii):

(c) The airplane must be shown by analysis, test, or both, to be capable of continued
safe flight and landing after any of the following failures, including jamming, in the
flight control system and surfaces (including trim, lift, drag, and feel systems) within
the normal flight envelope, without requiring exceptional piloting skill or strength.
Probable failures must have only minor effects and must be capable of being readily
counteracted by the pilot.

(3) Any failure or event that results in a jam of a flight control surface or pilot control that
is fixed in position due to a physical interference. The jam must be evaluated as
follows:

(iii) In the presence of a jam considered under this sub-paragraph, any combination
of fallures that are catastrophlc shaII compIy Wlth §25 1309(b)(4) addmenat

DISSENTING OPINION #2:

Firstly, the proposed wording for (iii) developed in Cologne would need to be
modified, as shown below, to be consistent with the ASAWG intent and the proposed
AC 25.671 changes.

In the presence of a jam considered under this sub-paragraph, any single latent failure state
that could prevent continued safe flight and landing when comblned W|th the Jam must satisfy
the speC|f|c rlsk criteria of FAR/CS 25. 1309(b)(4)(||) 2






Secondly, even with this change, the FAA does not agree to change the FCHWG
recommendation on 25.671(c)(3) for the following reasons:

(1) While the FCHWG proposal was deliberated exhaustively by numerous
organizations and disciplines, there’s been no such deliberation on the ASAWG
proposal as it was developed near the end of the Cologne meeting;

(2) the FCHWG proposal specifically addresses jams, which are a unique
phenomena for which unique criteria are appropriate - the 1/1000 criterion would
essentially apply to jam alleviation systems; (3) it would be more clear to simply state
the requirement in 25.671(c)(3) rather than point to a subparagraph of 25.1309.

The FAA will deliberate further on both the FCHWG and ASAWG proposals for
25.671(c)(3), and will work with the authorities to develop the final harmonized
proposal.

Change Post TAEIG draft AC/AMC 25.671:

If the guidance defined under the AC/AMJ 25.671 post TAEIG draft is adopted then it
is recommended that all references to specific risk be deleted and a pointer be
provided to the proposed revision to AC/AMC 25.1309 (see attached).

[ATTACHED AC 25.671 IS REMOVED TO REDUCE FILE SIZE. WE HAVE NO
COMMENTS IN THE ATTACHMENT ]

Rationale:

This regulation is associated with an issue paper and an ARAC FCHWG
recommendation that implement limit latency and/or residual risk methodology. The
ARAC FCHWG recommendation requires that in the presence of any single failure
the sum of all remaining failures meet 1/1000 probability. This is a limit latency and
residual risk requirement. The issue paper requirement requires that for any single
failure in each individual failure sequence (e.g. cut set) that the remaining failures in
that sequence be Remote. The issue paper requirement is a residual risk only
requirement.

These previous means of compliances provide different criteria and different
methodologies for calculating the criteria. The new 25.1309 regulation adopts both
limit latency and residual risk criteria. The residual risk numerical objective of Remote
is chosen using ARAC methodology of calculating sum of all remaining failures. This
is more conservative than the existing standards but has a reduced scope. Unlike the
existing means of compliance it does not apply to active — active failure
combinations. Eliminating the active — active failure conditions from the specific risk
criteria does not impact the over all safety benefits of the analysis because the
conditions of concerned are covered under the average risk criteria of FAR/CS
25.671(c)(1&2) and FAR/CS 25.1309(b)(1). With regard to residual risk the ASAWG
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was only concerned with situations in which the airplane could be operating one
failure away from a Catastrophe for multiple flights.

Existing means of compliance for flight controls only consider residual risk for single
latent failures. These practices do not apply residual risk assuming the presence of
multiple latent failures. The ASAWG has kept to this philosophy in regards to
guantitative residual criteria. As a result residual risk has the most impact on dual
failures. Therefore the ASAWG has limited the residual risk application to dual failure
combinations.

The ASAWG new limit latent regulation applies to individual latent failures rather than
the sum of latent failures associated with a single active failure. The impact of 1/1000
on exposure times associated with multiple latent failure combinations was
considered not significant. Therefore the limit latency requirement is also limited to
dual failure combinations.

To be consistent with average risk calculation model the ASAWG decided not to
adopt the maximum dormant model for latent failures. This is not a significant issue
because this did not represent an order of magnitude change in inspection intervals.
Further the applicant would not run two different types of fault tree calculations for
latency. Therefore the application of maximum dormant model could effectively
change fault trees from an average risk calculation to a maximum risk calculation by
practice if not by requirement.

Replace §25.901(c) with:

(c) The powerplant installation must comply with §25.1309(b), except that the effects of the
following need not comply with §25.1309(b):

(i) Engine case burn through or rupture;

(i) Uncontained engine rotor failure; and

(i) Propeller debris release.

Introduce AC/AMC 25.901.:

[ATTACHED AC 25.901 IS REMOVED TO REDUCE FILE SIZE. WE HAVE NO
COMMENTS IN THAT ATTACHMENT.]

Rationale:

It was decided that FAR 25.901 does not have latent specific risk criteria included in
the rule; however, there is policy that require the review of latent related specific risk;
therefore, a recommended change is provided. In addition, upon application of the
proposed AC/ACJ 25.901 (see attached) compliance to the remote requirements of
the proposed 25.1309(b)(4) has been included.

ASAWG Recommends adoption of the related ARAC PPIHWG and SDAHWG
Recommendations as modified by the ASAWG recommendations made elsewhere in
this report. Adoption of the ASAWG recommendations regarding FAR/CS 25.1309
would result in a level of safety for powerplant systems at least equivalent to that
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provided by the current interpretation of FAR/CS 25.901(c) while facilitating a more
consistent and objective means of demonstrating compliance. For example, the “no
single failure” requirement would be covered by the revision to FAR/CS 25.1309(b)
proposed by ARAC SDAHWG and clarified by ASAWG recommendations. The
avoidance of “latent plus one” failure conditions would be covered by the ASAWG
recommendation to eliminate significant latent failures wherever practical. In addition
the ASAWG recommendation would provide a more objective and hence consistent
maximum acceptable residual risk when operating one failure away from a
catastrophe.

Replace FAR/CS 25.933(a)(1) with:

(a) For turbojet reversing systems
(1) Each system intended for ground operation only must be designed so that
either—
(i) The airplane can be shown to be capable of continued safe flight and
landing during and after any thrust reversal in flight; or
(i) It can be demonstrated that inflight thrust reversal complies with

§25.1309(b)(1&4). is—extremely—improbable—and-does—notresultfrom—a—single

Introduce AC/AMC 25.933:

Replace Sections 8.b.2 and 8.b.3 of the attached TAEIG PPIHWG AC 25.933X with a
Section 8.b.2 as follows:

In accordance with Arsenal Draft of AC/AMC 25.1309, Section (9)(b)(6), whenever
practical, latent failures should be avoided. It has traditionally been deemed practical
to avoid catastrophic in-flight thrust reversal failure conditions due to any “single
latent plus single active” (a.k.a “latent plus one”) failure combination.

[ATTACHED AC25.933 IS REMOVED TO REDUCE FILE SIZE. WE HAVE NO
COMMENT IN THAT ATTACHEMENT.]

Rationale:

A change to FAR/CS 25.933(a)(1)(ii) was recommended because the rule combined
with recent policy implies latent specific risk criteria should be applied to thrust
reversers. This policy is based on earlier ARAC recommendations currently being
used and requires the review of latent related specific risk. Therefore, the introduction
of the ARAC PPIHWG version of AC/ACJ 25.933 with the deletion of Sections 8.b.2
and 8.b.3 was provided to ensure consistency across the Industry and systems.

ASAWG Recommends adoption of the related ARAC PPIHWG and SDAHWG
Recommendations as modified by the ASAWG recommendations made elsewhere in
this report. Adoption of the ASAWG recommendations regarding FAR/CS 25.1309
would result in a level of safety for powerplant systems at least equivalent to that
provided by the current interpretation of FAR/CS 25.933(a)(1)(ii) while facilitating a
more consistent and objective means of demonstrating compliance. For example, the
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Comment [MM12]:
EDITORIAL.

The AMOC's for §25.933(a)(1)(i)
wouldn’t allow either hazardous or
catastrophic handling qualities. So, if
we said §25.1309(b) rather then
(b)(1&4) in §25.933(a)(1)(ii), that
would allow acceptance of an inflight
thrust reversal that was deemed
“hazardous”, but not “catastrophic” to
meet the commensurately lower
reliability/fault tolerance standard.

I made this comment in committee
and they chose to keep this more
conservative proposal (which as a
regulator | can live with). However, |
wanted to make my comment again
here for the record.






“no single failure” requirement would be covered by the revision to FAR/CS
25.1309(b) proposed by ARAC SDAHWG and clarified by ASAWG
recommendations. The avoidance of “latent plus one” failure conditions would be
covered by the ASAWG recommendation to eliminate significant latent failures
wherever practical. In addition the ASAWG recommendation would provide a more
objective and hence consistent maximum acceptable residual risk when operating
one failure away from a catastrophe.

Change to FAR/CS 25.981(a)(3):

(&) No ignition source may be present at each point in the fuel tank or fuel tank
system where catastrophic failure could occur due to ignition of fuel or vapors. This
must be shown by:

(3) Demonstratmg compllance W|th 25 1309(b)(1&4) eeuld—net—FesuI{—#em—eaeh

be—e*t#emely—mprebable—The effects of manufacturlng varlab|I|ty, agmg, wear,

corrosion, and likely damage must be considered.

Changes to AC/AMC 25.981(a)(1)and (2):

The ASAWG did not have the experience to recommend changes to AC/AMC
25.981(a)(1) and (2) but recognize the need to update these to at least result in more
realistic consideration of the conditional probability that the presence of a potential
ignition source will result in a catastrophic fuel tank explosion.

Rationale:

This regulation has been the discussion of many certification activities since it was
adopted and in many cases the criteria could not be fully satisfied requiring
exemptions to the rule. In addition, this rule is not harmonized between the FAA and
EASA resulting in further disconnects between manufacturers. Therefore, all specific
risk criteria have been eliminated from the rule and it is recommended that a similar
task be done in the guidance.

However, it was agreed within the group that there was not adequate knowledge in
the ASAWG of the criteria that went into the definitions related toa potential |gn|t|0n
source and how probabilities are reIated to these

_4 Comment [LL13]: EDITORIAL. This
7 sentence does not relate to the topic
being discussed in this section of the
report.

[END OF FAA COMMENTS]
[THE REST OF THE MATERIALS IS REMOVED TO REDUCE FILE SIZE.]
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Comment (1):

Section 6.4.1, 3rd paragraph:

Comment: This sentence is incomplete. What happens if these changes are not
implemented is not conveyed by the sentence.

Recommendation: This sentence should convey that without these changes the benefits of
section 6.1.4.1 are not met.

Comment (2):

Section 6.4.1 8th paragraph:
Comment: The introductory words to this sentence can be stated more clearly.

Recommendation: Change “The limitations to include this criteria...” to “The decision to
limit this criteria...”

Comment (3):

Section 6.4.1 9th paragraph:
Comment: The phrase statistical fall out does not seem to be accurate. The applicable AC
text refers to adequate design margin.

Recommendation: Finally, the 1E-12 limit criterion was established following a review by
different companies on the impact of the specific risk criteria. This impact included an
evaluation of analytical workload versus benéefit.

Comment: Given the location of this 1E-12 limit in the AC 9.b.(6) it should be made clear
that the review of latent failures for multiple latent failure combinations is qualitative.

Recommendation: “Further when considering multiple latent failures the 1E-12 limit should
be considered to define the scope of the qualitative evaluation to avoid latency. Typically
such a review would not need to address quadruple redundancy or dual active — monitor
designs etc.”

Comment (4):

Section 6.4.1.1.2 Change AC/AMC 25.629-1A, Section (c)(3)(c):

Comment: Previously the first sentence stated “However, the ASAWG decided not to
consider adding a specific sentence to address active — active failure combinations.” This
was a lead in to the next sentence. For example the second sentence refers to
‘redundancy in these situations”. However what situations are being referred to is no
longer clear from the modified first sentence.

Recommendation: Add the word “other” to the first sentence. “However, the ASAWG
decided not to consider other changes to FAR/CS 25.629...”
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Comment from Airbus:

Consistency between AC/AMC 25.629 and FAR/CS 25.671 (c)(2) :

- AC/AMC 25.629 proposal : “Any damage or failure conditions considered under
FAR25.571, FAR25.631 and FAR25.671. The actuation system minimum
requirements should also be continuously met after any combination of failures not
shown to be extremely improbable {(eceurrence-lessthan-1E-09-perflight-hour).
However—certain-combinations-of faillures,such-as-d Loss of dual electric system or
dual hydraulic systems are not normally considered extremely improbable.

- FAR/CS 25.671 (c)(2) proposal : Any combination of failures not shown to be extremely
improbable. Furthermore, the flight controls must comply with FAR25.1309(b)(4). This

paragraph excludes failures of the type defined in (c)(3). -excludingjamming{for
example—dualelectrical-orhydraulic-system-fallures—orany-single-failure-in
binat i hable hvdraul lectrical failure).

On FAR25.671 proposal, examples of combination of failures non Extremely Improbable
were removed whereas the same examples are kept in AC/AMC 25.629. What is the
rational ? Why not to refer to FAR25.1309(b)(4) in both texts as follows :

“Any damage or failure conditions considered under FAR25.571, FAR25.631 and
FAR25.671. The actuation system minimum requirements should also be continuously
met after any combination of failures not shown to be extremely improbable

(eeeu#enee%ss—than—LE—GQ—pepﬂrgh{—heu%) Howevercertaincombinations-of-failures;
such as d Loss of dual electric system or dual hydraulic systems are not normally
considered-extremely-mprobable- and under condition of FAR25.1309(b)(4).
6.4.6 Appendix to Aging & Wear Task

None

6.4.7 Appendix to MMEL Task

6.4.7.1 MMEL Recommendation

The following provides discussions following the Cedar Rapids meeting where resolutions
have been found but it was considered to be of value that these discussions be recorded.

Those discussions lead to tweak some wording in order to clarify the intent and get a
consensus on the attached flowchart. Those discussions and agreement have been
tracked through the issuance of an interim final report dated July 17, 2009.
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In parallel, the same day , TCCA expressed mainly a concern on the use in the MMEL
process of mitigation factors to alleviate and further proposed a change to the first box of
the flowchart

Dassault Aviation requested clarifications on the proposed change to the flowchart.
Following discussions with EASA and TCCA, Dassault Aviation was satisfied by their
answers and cleared the proposed text (Extract from Dassault mail dated August 21 and
25, 2009).

%

Extract from
Dassault Aviation mai

During the meeting in March2010, consensus was reached between members to modify
the body of the report based on Boeings latest proposal.

Boeing mail extract
06 Feb 10.doc
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Extract from Dassault Aviation mail (C. Giraudeau) dated August 21, 2009:


"


Let me try to  explain the reasons why I feel concerned by the answer I got for my previous question : "is your intent to forbid to dispatch with an item failed - item was part of an Haz or Cat FC, for which a securization means exists to downgrade the FC but NOT  used for the proposed MMEL relief" and why I personnaly do feel that the proposed change, if enforced as a proposed guidance/rule as I understand Jim's proposal, may unduely overrule the MMEL requirements in certain circumstances:

 


When we set up the flowchart, the intention was to simplify the life of people who were to work with the ASAWG output: the intention was that if there were mitigations factors that were used in the proposed dispatch conditions and those mitigation factors would remove the HAZ or CAT failure conditions, then there was no need to go further in the flowchart. The intention, at that point, was not to impose those mitigation factors if there could exist other possibilities of dispatch, provided those other possibilities were demonstrated as having "an acceptable level of safety" as per ASAWG.

 


My interpretation of TCCA  proposal is that it adds a rotor-burst like requirement to the MMEL : "show you have used all possible mitigations, then you can go to the numbers". I cannot remember that we, in the MMEL sub-group, discussed this possibility of reducing the specific risk upstream the flowchart during our meetings, unless this has been done in Whicita. Or we were too concentrated on looking for consensus for Task#4 that we did not take sufficient attention to this point. Anyway, I do believe this issue is of the prime importance, needs common understanding and agreement.

 


I recognize that the proposed wording change to make mandatory the use of mitigations factors at flowchart entry point  before proceeding further down in the flowchart will undoubtly minimize the risk when dispatching with one item failed. 

Indeed, when securizing a system or applying flight enveloppe limitations, you may get rid of some of the CAT or HAZ failure conditions the aircraft/system faces in the full-up configuration. There are two cases:

- Those cases where you have no choice but to impose such limitations/securisation ( ex : mach trim failure, T/R) in order to allow dispatch -out of the scope of this discussion-.

- The other cases that can be divided in two subgroups (DA experience) :

    * There are cases where we, as OEM, do feel much comfortable at dispatch when a system is securized (ex: braking system inop secured in order to limit the risk of RTO, T/R)

    * And there are the others cases where we, as OEM, may propose different choices to our operators to take into account operational circumstances.

 


Back to the APU as an example of the side effect the proposal may have, I am afraid that the proposed change will imply to securize the APU as I assume "not use the APU" will not be considered as an acceptable / sufficient mitigation factor as it does not theoritically remove the APU fire event.

So by securizing the APU,  the safety level when dispatching with the ground-only APU inop will be much higher than the one in the full-up configuration with the APU operative - as the securization of the fuel feeding line will definitively eliminate the risk of "APU fire on ground" (the full-up configuration comprizes several features including control system exhibiting latent failures which are suitability checked in time. Therefore, an "APU fire on ground" may occur in the full-up configuration and its probabilty is not equal to Zero). 

In order to perform the securization of the fuel feeding line, a maintenance technician will be  required. It is fair to state that bussiness jets operators will statistically be  the most impacted by the proposed change as, at the airports their aircraft land, availability of  maintenance people may not be insured as for airliners at major airports.

 


So at the end of this proposed MMEL process, we will require maintenance action, not always possible due to potential lack of qualified staff and therefore with possible AOG, to get an aircraft with a safety level higher than the average one which is flying each day*.

 


In the Dassault example dated August 8, the safety level achieved with the first proviso, APU not used e.g. no other mitigation factor, is at least equal to the one of the full-up configuration.

I hate speaking $ or € but the "side effect" case occurred on a European-registred Falcon 900 -for which the EASA MMEL was not up-to-date compared to the FAA one: there was no maintenance staff in the small Austrian airport where the A/C landed, APU became inop and the A/C was AOG. Dassault has to pay roughly 1/4 million € for this cancelled flight to the customer ...

 


For the reasons explained here-above,  I would not be in agreement with the incorporation of TCCA proposed change to the flowchart, as this proposed change is stated today. I will start thinking of an updated proposal starting from Jim's one and taking into account my comment.

"

Extract from Dassault Aviation mail (C. Giraudeau) dated August 25, 2009:


"


I have read carefully all the here-below e-mails, talked extensively with Colin H. and Jim M., I can state that I now agree with Jim's proposed changes.


 


My position is based on  the theoretical aspect of the issue (use of placard by the crew was outside of the discussion: to be dealt with FOEB) and the fact that it was confirmed that the provisos provided for the 3-days MMEL proposal are acceptable mitigation factors.


 


This issue is therefore closed.


 


"
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Christophe, others,


In talking with Linh and Paul and others, I'd like to propose a rewrite of the MMEL wording from:


"Numerical safety assessments may be needed when relief is proposed for items, functions and/or systems involved in Catastrophic or Hazardous failure conditions, where that failure condition can not be mitigated by operational procedures, limitations or a maintenance action prior to dispatch.  Numerical analyses do not normally need to be considered when the operation with the inoperative item leaves the aircraft more than one failure away from a Hazardous failure condition or more than two failures away from a Catastrophic failure condition."


To


"Numerical safety assessments are recommended when both of the following considerations are met:


1) Relief is proposed for items, functions and/or systems involved in Catastrophic or Hazardous failure conditions, and MMEL procedures do not mitigate the failure condition by operational procedures, limitations or a maintenance action prior to dispatch, and


2) When the operation with the inoperative item leaves the aircraft one failure away from a Hazardous failure condition, or one or two failures away from a Catastrophic failure."


Here "mitigate" should  be considered anything that reduces the likelihood or the consequense of the failure condition or put differently (but hopefully equivalent) if the procedures or the limations keep the airplane from reaching the top event in question, it's mitigated. (this needs to be in report)


We still have a significant concern about two latent failures, Paul is concerned that we'll have to go into multiple FTAs searching those combinations that are made up of 3 items (the MMEL + 2 failure) and re-evaluate the trees where any are found.  But it is kind of a  Catch 22, as written if "two failures" is removed, there is no need for a numerical analysis, or Hal's criteria since FOEB usually doesn't allow us to be a single failure away anyway.  My logic is that nearly all (if not all) MMEL items are mitigated (item 1 above), so we would never even get to the point of worrying about one or two failures away (item 2).


This proposal does not, I believe, change the meaning of the previous proposal (Linh even agreed), it does however clean up several of our


concerns:


1)  removes words like needed and need, which implies that this is more than it is, a recommendation to FOEB


2) removes argument of cannot vs is not mitigated (my opinion, while I don't necessaily disagree that if something can be mitigated it should be, this is just the wrong place to insert this. IF AA want to add that "if something can be mitigated it should be" it should be added somewhere else in the MMEL process, not in this recommendation on how to use probability


assessments)


3) removes the negative phrasing of the last sentence and rephrases it in a more positive tone that I think is easier for all of us to understand and agree on.


4) makes it clearly a two step process, that if we meet step 1 (mitigation), we can stop there without expending alot of effort worrying about numbers.


So - you might be asking yourself, is this a dissenting opinion? I guess I would like your guidance, if you think this is a better way to write the MMEL words above, and are willing to support it, I'm willing to withold Boeing dissent until it plays out.  If it would be easier to answer as a dissenting opinion I could write it that way, but would have to justify my position and it would be even longer (And I know how much you enjoy my long emails Christophe.;-)  So, before I go down the dissenting opinion path, I am looking for some feedback  - particularly from Hals and Christophe.


I'm done, have a good weekend.


David B. Merdgen


787 Airplane Safety Lead


Boeing Commercial Airplane Group
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6.4.8 Appendix to Flight & Diversion Time Task

The following comments to chapter 6.4.4 were provided by Garmin. These general
comments should be reviewed when preparing the final NRPM.

Comment (1):
Section 6.4.4.3 The Recommendations:

Comment: The terms specific risk and specific risk of concern are not used in the AC
25.1309.

Recommendation: Delete definitions.
Comment (2):
Section 6.4.1.6:

Comment: Can it be better clarified how the residual risk criterion is to be addressed.
Perhaps include an example. It seems that the ASAWG is stating that the failure of the
good engine (one without the pre-existing fault) cannot result in a condition that would
cause the other engine fault to propagate to a failure (loss of engine or reduced thrust in
icing conditions, WAT operations) that would be catastrophic. Similarly if engine with pre-
existing fault encounters a condition that causes reduced thrust or engine failure prior to
the good engine failure then is it assumed that the time between the first engine failure and
landing the airplane can be applied as the exposure time to the good engine such that it
will meet the residual risk?
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