U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATICON

Effective Date: 9-30-2010

SUBJ: Stick Pusher and Adverse Weather Event Training Aviation Rulemaking
Committee

1. PURPOSE. This document establishes the Stick Pusher and Adverse Weather Event
Training Aviation Rulemaking Committee (ARC) according to the Administrator’s authority
under Title 49 of the United States Code (49 U.S.C.), section 106(p)(5).

2. BACKGROUND.

a. In August 2010, Congress enacted the “Airline Safety and Federal Aviation
Administration Extension Act of 20107 (the “Act’™). Section 208(b) of the Act, titled
“Implementation of NTSB Ilightcrew Member Training Recommendations,”
requires the FAA to convene a multidisciplinary panel to study and submit to the
Administrator a report on methods to increase the familiarity and improve the
response of flightcrew members on:

1} Stick pusher systems;
2) Icing conditions; and
3) Microburst and windshear weather events.

b. Congress also required the FAA to:

1) Tssue a report based on the findings of the multidisciplinary panel to Congress
and the NTSB by July 31, 2011; and

2) Initiate appropriate actions to implement the recommendations of the panel on
stick pusher systems, icing conditions, and microburst and windshear weather
event training.

¢. To carry out the requirements of Section 208(b) of the Act, the FAA is chartering an
ARC. The ARC will accomplish the tasks directed in Section 208 of the Act based
on the Congressional timelines outlined in the Act.

3. OBJECTIVES AND SCOPE OF THE ARC. The ARC will provide a forum for the
U.S. aviation community to discuss and provide recommendations to the FAA concerning
the development of requirements to meet Section 208(b) of the Act.



a. The ARC will also identify the best goals, procedures, and training practices that will
enable air carrier pilots to accurately and consistently respond to unexpected:

1} Stick pusher activations;
2) Icing conditions; and
3) Microburst and windshear events.

b. The ARC shall consider scalability of its recommendations to address the needs of
small businesses. :

c. The ARC will develop recommendations to Title 14 Code of Federal Regulations
(CFR) part 121 and other associated regulations as may be required to comply with
the intent of Section 208(b) of the Act. These recommendations will be presented to
the Associate Administrator for Aviation Safety for rulemaking consideration on or
before June 30, 2011.

4. ARC PROCEDURES.

a. The ARC shall provide advice and recommendations to the Associate Administrator
for Aviation Safety and acts solely in an advisory capacity. Once the ARC
recommendations are delivered to the Associate Administrator, it is within her
discretion to determine when and how the report of the ARC is released to the
public.

b. The ARC will discuss and present information, guidance, and recommendations that
the members consider relevant in addressing the objectives.

c. The ARC may be reconvened following the submission of its recommendations for
the purposes of providing advice and assistance to the FAA, at the discretion of the
Associate Administrator.

5. ORGANIZATION, MEMBERSHIP, AND ADMINISTRATION.

a. The membership of the ARC will consist of individuals from the government, pilot
associations, training organizations, and other industry organizations that can provide
experts in aircraft operations, flightcrew member training, human factors, and other
appropriate specialties as determined by the FAA.

1) The ARC will consist of no more than 17 individuals.

2) The FAA will identify the number of ARC menibers that each organization may
select to participate. The Associate Administrator for Aviation Safety will then
request that each organization name its representative(s). Only the representative
for the organization will have authority to speak for the organization or group
that he or she represents.

3) Active participation and commitment by members will be essential for achieving
the ARC’s objectives and for continued membership on the ARC.



b. The Associate Administrator for Aviation Safety is the sponsor of the ARC and will
select an industry chair(s) from the membership of the ARC and the FAA-designated
representative for the ARC. Once appointed, the industry chair(s) will:

1) Coordinate required committee and subcommittee (if any) meetings in order to
meet the ARC’s objectives and timelines;

2) Provide notification to all ARC members of the time and place for each meeting,

3) Ensure meeting agendas are established and provided to the committee members
in a timely manner; and

4) Perform other responsibilities as required to ensure the ARC’s objectives are
met. '

c. A record of discussions of committee meetings will be kept.
d. Although not required, ARC meeting quorum is desirable.

6. PUBLIC PARTICIPATION. ARC meetings are not open to the public. Persons or
organizations that are not members of the ARC and are interested in attending a meeting
must request and receive approval before the meeting from the chair(s) persons and the
designated Federal representative.

7. AVAILABILITY OF RECORDS. Records, reports, agendas, working papers, and
other documents that are made available to or prepared for or by the ARC will be available
for public inspection and copying at the FAA Flight Standards Service, Air Transportation
Division, AFS-200, 800 Independence Avenue, SW., Washington, D.C. 20591, consistent
with the Freedom of Information Act, 5 U.S.C. section 522. Fees will be charged for
information furnished to the public according to the fee schedule published in Title 49 CFR
part 7.

8. PUBLIC INTEREST. The ARC’s formation is determined to be in the public interest
and is designed to fulfill the performance of duties imposed on the FA A by Federal law.

9. EFFECTIVE DATE AND DURATION. This ARC is effective upon issuance of this
order. The ARC will remain in existence until September 30, 2012, unless sooner
suspended, terminated or extended by the Administrator.
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EXECUTIVE SUMMARY

This report was created to satisfy the requirements of the Stick Pusher and Adverse Weather
(SPAW) Aviation Rulemaking Committee (ARC) charter and the Airline Safety and Federal
Aviation Administration Extension Act of 2010, Public Law 111-216 (Pub. L. 111-216) § 208.
The ARC, composed of a multidisciplinary panel of specialists, studied the issues related to stick
pusher activations and adverse weather events.

This report is directed to the attention of the Federal Aviation Administration (FAA) Associate
Administrator for Aviation Safety and recommends improvements for flightcrew member
training. To have the greatest impact on safety, the SPAW ARC’s recommendations should be
incorporated beyond Title 14, Code of Federal Regulations (14 CFR) part 121 training, with
particular emphasis on core handling skill development throughout a pilot’s career.

During its deliberations, the SPAW ARC reviewed many previous working group reports from
the past two decades. The ARC commends previous ARCs and working groups on their
excellent work in this subject. A review of National Transportation Safety Board accident data
did not reveal any evidence of microburst, windshear, or icing accidents in part 121 operations
over the last 10 years. The ARC recognizes aviation safety has improved significantly over the
last two decades, but believes additional improvements should be made. It urges the
Administrator not to delay implementation of its recommendations.

The SPAW ARC divided into three subcommittees to complete its tasking: Icing, Microburst
and Windshear, and Stick Pusher. The full ARC membership reviewed, studied, and debated the
subcommittees” work products. All of the recommendations achieved 100 percent consensus,
negating the need for a minority position section. Thus, for the purposes of this report, the
SPAW ARC and its subcommittees may be considered synonymous.

The current flight simulation training device (FSTD) equipment delivering training provides an
inadequate level of fidelity and requires updating to support the SPAW ARC’s training
requirements. Accordingly, the ARC recommends improvements to the technical standards of
14 CFR part 60 in the areas of icing, microburst and windshear, stall and upset prevention and
recovery.

Each subcommittee identified the lack of instructor standardization. Based on surveys,
presentations, and the experiences of the SPAW ARC members, it was apparent that while
standardization may exist among instructors within a training organization, there was limited
instructor standardization among the industry training providers. The ARC believes that
incorporating this report’s recommendations will provide for better standardization of training
delivery and improved quality of training.

The ARC recommended methods to increase the familiarity of flightcrew members with, and
improve their response to, stick pusher activations, and adverse weather events. The ARC
concluded that it must also address relevant training tasks in the same flight regime as stick
pusher training and improved icing training.
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The SPAW ARC recognized that aircraft ice accumulation can lead to an increased stall speed
and further develop into an aerodynamic stall or upset. This may occur without the activation of
the stall-warning or stick pusher system. The ARC reviewed related training requirements and
standards for FSTD equipment used in the delivery of microburst/windshear, icing, and stick
pusher training, and concluded it was also necessary to extend its recommendations to stall and
upset prevention and recovery training. The ARC also determined these simulator deficiencies
must be addressed before any training can be accomplished beyond the first indication of a stall
(or stick-pusher activation). The ARC then leveraged previous industry work group efforts to
make recommendations addressing these deficiencies.

The members of the SPAW ARC wish to thank the Administrator for the opportunity to offer
recommendations on these important issues confronting the air carrier industry. They remain
available for further consultations as necessary.

Respectfully submitted,

JPW 2. Odaon

Lou Nemeth Philip Adrian
ARC Chairman, ARC Vice-chairman
CAE The Boeing Company
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1.0 METHODOLOGY

The Stick Pusher and Adverse Weather (SPAW) Aviation Rulemaking Committee (ARC)
convened three subcommittees: The Icing Subcommittee, The Microburst and Windshear
Subcommittee, and The Stick Pusher Subcommittee.

During its 8 months of deliberations, the SPAW ARC used the following processes in each of its
subcommittees to arrive at its findings and recommendations:

e Conducted extensive research in each subject area, including any previous work
already completed.

e Reviewed relevant accidents, incidents and other safety data.

e Developed and conducted industry surveys to identify best practices and any deficiencies
for each subject area.

With the assistance of the Federal Aviation Administration (FAA), the SPAW ARC made
specific data requests for accident and incident data for the period extending back over the last
20 years. The FAA’s Office of Accident Investigation (AVP) used the Aviation Safety
Information Analytical Sharing (ASIAS) database to support the ARC’s requests.

The SPAW ARC made two separate data requests. The first was for non-proprietary data, which
consisted of National Transportation Safety Board (NTSB) accident data, FAA incident data, and
National Aeronautics and Space Administration (NASA) Aviation Safety Reporting System
(ASRS) reports in the subject areas. The search parameters were refined to focus on operations
in transport category airplanes. The second request was for proprietary data, specifically
Aviation Safety Action Plan (ASAP) and Flight Operations Quality Assurance (FOQA) data,
which would have been provided by Title 14, Code of Federal Regulations (14 CFR) part 121

air carriers that have an agreement through ASIAS.

AVP was able to fulfill the non-proprietary data request, and the SPAW ARC heavily relied
upon it in its deliberations and in determining its recommendations. The ARC was required to
submit a formal request for proprietary to the ASIAS Executive Board, which has FAA and
industry board members. Though the ARC did not receive a formal notification, it understands
the ASIAS Executive Board considered its request and determined not to fulfill it. While the
ARC members believe the data they received supports the recommendations contained in this
report, data provided by air carrier ASAP and FOQA programs may have identified

safety concerns that could have led to additional recommendations.
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2.0 SUMMARY OF RECOMMENDATIONS

This section identifies the SPAW ARC’s recommendations. An in-depth explanation and
supporting data for each recommendation are found in the appropriate section.

2.1 TRAINING ENHANCEMENTS

The SPAW ARC recommends specific enhancements to training for icing, microburst and
windshear, and stick-pusher training. See sections 3.1, 3.5, 3.6, 4.1, 4.7, 5.1, and 5.2.

2.2 INFO AND SAFO ENHANCEMENTS

The SPAW ARC recommends operators and training providers develop an improved and
structured system for delivery and dissemination of Information for Operators’ (InFO) and
Safety Alerts for Operators’ (SAFO). See section 3.2.

2.3 REGULATORY STANDARDS

The SPAW ARC recommends more specific regulatory standards for establishing evaluation of
microburst and windshear training and a comprehensive training program for icing, including
knowledge-based training and practical and operational training. See sections 3.1 and 4.10.

2.4 SIMULATOR MODELING

The SPAW ARC recommends improved simulation modeling to improve training in icing,
turbulence, and windshear, stall, and upset prevention and recovery. See sections 3.3, 4.2, 4.6,
and Appendix H.

2.5 SIMULATOR FIDELITY

The SPAW ARC concluded that in order to implement its recommended training requirements,
simulator fidelity improvements need to be made for icing, microburst/windshear, and

stick pusher training. Therefore, the ARC recommends a regulatory change to 14 CFR part 60
and a flight simulation training device (FSTD) directive as defined in § 60.23 to improve
simulator fidelity. See sections 3.3, 4.4, and 5.9.

2.6 INSTRUCTOR TRAINING

The SPAW ARC recommends operators provide a method to ensure that instructors are
prepared to properly train elements included in the specific training program. See sections 3.7,
4.8,and 5.2

2.7 SIMULATOR INSTRUCTOR OPERATING STATIONS

The SPAW ARC recommends that all required windshear models must be selectable and clearly
labeled on the instructor operating station (10S). See section 4.5

SPAW ARC Final Report 4



2.8 AUTO-PILOT UTILIZATION

The SPAW ARC recommends that the original equipment manufacturers (OEM) give specific
guidance on use of the autopilot during icing conditions. See section 3.8.

2.9 COMPETENCY BASED TRAINING

The SPAW ARC recommends training programs focus on objective and measurable completion
standards rather than time or content requirements. See section 4.9.

2.10 FSB PROCESS

The SPAW ARC recommends the Flight Standards Board (FSB) Report identify differences in
stall handling characteristics between variants of the same type or between types. In the case of a
common type rating, training shall be accomplished in each identified variant or type being
operated. See section 5.3.

2.11 UPSET PREVENTION AND RECOVERY TRAINING

The SPAW ARC recommends both academic and flight training for upset prevention and
recovery based on the Airplane Upset Recovery Training Aid (revision 2) or an approved
equivalent See sections 5.6 and 5.7.

2.12 ADVERSE WEATHER ACADEMIC TRAINING

The SPAW ARC recommends the use of theoretical knowledge training for adverse weather and
specific training topics. See section 4.3.

2.13 COMPREHENSIVE PILOT TRAINING

The SPAW ARC recommends that training be improved beyond the scope of part 121 training.
The ARC concluded that better training is needed throughout the professional pilot’s career.
See sections 3.4 and 5.8.

2.14 STALL AND STICK PUSHER TRAINING

The SPAW ARC recommends stall and stick pusher training be conducted during initial,
transition, recurrent, and upgrade training. See section 5.5.

2.15 FEEDBACK MECHANISM

The SPAW ARC recommends a feedback mechanism be used in the simulator and outside of it
for briefing and de-briefing pilots on their performance related to upset prevention and recovery.
See section 5.10.

SPAW ARC Final Report 5



2.16 REQUIRED SIMULATOR TRAINING

The SPAW ARC recommends that stall training and stick pusher training (if appropriate) should
be conducted in a qualified full-flight simulator (FFS) with motion. See section 5.4.
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3.0 ICING

FINDINGS & CONCLUSIONS

The SPAW ARC reviewed multiple icing events within a number of sources including the ASRS
database, NTSB accident reports, and Australian Transport Safety Bureau reports. In addition,
the ARC reviewed numerous publications related to icing and operations in icing conditions.
Finally, it conducted a survey of industry practices regarding icing and training related to icing
operations. Collectively, this information was used to establish the ARC’s conclusions and
recommendations.

The SPAW ARC recommends that the FAA take these recommendations and develop
regulations on flightcrew icing training. For icing conditions, the main recommendation (3.1) is
to develop a comprehensive training program to ensure appropriate flightcrew member
knowledge and responses to icing conditions. The ARC also recommends that the FSTD
standards be updated to support such training.

Since the Roselawn accident in 1994, there has been a considerable amount of research into
icing, specifically in-flight icing. Icing incidents that are not seen on larger transport category
aircraft continue to occur on smaller transport category aircraft. The SPAW ARC was instructed
to identify methods to increase familiarity and improve the response of flightcrew members
while operating in icing conditions.

Regarding icing, the SPAW ARC—

e Conducted extensive research to identify what work has already been completed in the
area of icing.

e Accomplished a review of icing events within a variety of databases including various
icing related incidents and accidents.

e Performed a survey of pilots and air carriers to identify best practices and deficiencies.

e Hosted subject matter experts (SME) from the NTSB, FAA, NASA, and industry to get
their perspective on what has been done, what needs to be done, what is working, and
what is not working.

Based on that input, the SPAW ARC developed recommendations aimed at increasing the
familiarity and improving the response of flightcrew members in icing conditions.

It is evident that considerable research and studies exist in the areas of aircraft icing and
operations in icing conditions. The FAA has taken steps to improve safety for aircraft operations
through changes to regulation, airworthiness directives, and operator guidance using InFOs,

! An American Eagle GIE Avions de Transport Régional (ATR) 72, Flight 4184, flew into unknown icing
conditions on October 31, 1994. The plane was en route from Indianapolis International Airport, Indiana to
O'Hare International Airport, Chicago, lllinois when it crashed, killing all on board. The full report is
available at http://www.ntsb.gov/aviationquery/index.aspx, and the report number is DCA95MAQ01.
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bulletins, and other such means. However, this has not resulted in complete industry adoption or
the use of all available publications. The ARC believes that to ensure adoption of best practices,
implementation requires regulation.

The ARC identified some challenges faced by industry and regulators. These include, but are
not limited to—

e The range of aircraft types used and their associated performance, technologies
and systems;

e Lack of uniformly trained pilots upon entering part 121 operations;
e Geographic differences in operational requirements; and
e Lack of uniform application of regulatory standards and oversight.

By reviewing recent efforts to improve safety during operations, the SPAW ARC noted that
while much information is available to the industry and individual flightcrew members, there is
no consistent method to ensure this information is properly disseminated to and used
appropriately by stakeholders.
The ARC concludes that—

e The industry, as a whole, lacks consistency in interpretation of current regulations.

e Tracking of previous recommendations, such as InFOs and SAFOs, is insufficient..

e Some simulators may lack the fidelity to accurately portray the aerodynamic effects of
ice accumulation.

e The issue of icing training and awareness exists prior to entering part 121 operations and
should be part of the training curriculum through the entire career of a professional pilot.

e There is a lack of uniformly trained pilots entering part 121 operations.
e There is a lack of uniform application of regulatory standards and oversight.

e In some of the accidents/incidents analyzed, the flightcrew’s actions deviated from
company procedure and training.

o Effective training can be conducted through a variety of methods, including
scenario-based training, threat and error management, and modular training.

e The method of delivery should be based on the operator’s procedures and should be
evaluated based on its effectiveness.

RECOMMENDATIONS

3.1 ICING TRAINING

The SPAW ARC recommends that operations in icing must be initially trained to include no less
than the following matrix, where applicable to type of aircraft and operation. Where an element
is not applicable, mitigating tactics are required, i.e., operator must satisfy principal operations
inspectors (POI) regarding the exclusion of the element from the training requirement.
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Table 3.1. Icing Training Elements.

Knowledge Flight Training Operational Experience
Based (Simulator or  (Demonstration or
Training Aircraft) Discussion )

a. General icing and meteorological information
Aerodynamic Effects
Meteorological Reports
Performance Effects
Types of Icing
Super-Cooled Large Drops

Definitions of Icing Levels

X X X X X X X

* Operational Limitations

b. Ground De-Icing

X
X
X

De-Icing Fluid Types and Effects
Use of Hold Over Charts X X X

Ground Operations on Contaminated
Ground Surfaces

Identification of Aircraft Contamination
Before Flight

c. Type-Specific Operations
Aerodynamic Effects of Icing
Use of aircraft ice equipment

Failure of ice equipment

X X X X
X X X X

Use of Autopilot

Performance and Handling Effects of
Ice Accumulation

X
X
X

Severe Icing Conditions

Recognition X X

X

Procedures
Operational Considerations (e.g., speed) X X X

d. Company Operations and Procedures
Company Policies (standard operating procedures) X X X

Airplane Flight Manual (AFM)/Aircraft

Operating Manual (AOM) X

Pilot Monitoring Requirement X X X

* The flightcrew should have a full understanding of the operational limitations as documented in the AFM, AOM, and
Quick Reference Handbook
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The knowledge-based training elements should be tested through an operator or training
provider’s own testing method to ensure the training is effective. It is not necessary to test
every element or every aspect of each element, and the primary purpose of the test is to
establish that the training was effective. These recommendations are intended to supplement
existing regulation, i.e., these requirements are additional guidance and do not replace
existing requirements.

Rationale

The SPAW ARC conducted an industry survey to determine the content and methods of training
on operations in icing conditions. As the current regulations provide little guidance to operators
and POls on the elements that should be covered in this training, the response showed significant
differences in the content of training programs. The ARC does not intend to prescribe the
methods of training delivery, but believes it is imperative to provide guidance to the operators,
training providers, and POIs as to critical content for training. This matrix is designed as a
checklist to assist in this. This conclusion was also supported through the review of a smaller
sampling of specific part 121 training programs by ARC members. It is the opinion of the ARC
that consistency through the industry will improve safety standards and this or a similar matrix
should be included in regulation.

3.2 INFO AND SAFO PROCESS?

The SPAW ARC recommends that the Administrator and all operators/training providers
develop a system to ensure that stakeholders receive, distribute, evaluate for adoption, and report
back to the Administrator the disposition of all INFOs and SAFOs. A mechanism should be
created for the Administrator to share this information with POIs. However, the FAA must
ensure that the purpose of the SAFO and InFO remains as an information dissemination tool only
for the FAA and does not translate to a regulatory mechanism.

Rationale

The SPAW ARC makes this recommendation because past InFO guidance, SAFO information,
and other guidance on this subject was not incorporated into current training plans.

The Administrator uses INFOs and SAFOs as a means to rapidly transmit information that may
have importance to operators and training providers before it is incorporated into other
documents (such as an advisory circular (AC)) or until it becomes an actual rule. It is important
to note that not all of the information contained in an InNFO or SAFO may be applicable to all
operators and training providers. Results of interviews and discussions with industry
representatives reveal that there is no formal system to verify that operators and training
providers have evaluated the relevance of the information contained in these documents.

The SPAW ARC makes this recommendation to help improve the safety of operations across the
industry by ensuring that critical safety information is available, reviewed, and incorporated
when applicable, by all operators and training providers, in a timely fashion.

% This recommendation applies to Stall, Stick Pusher, Icing, and Microburst/Windshear
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3.3 SIMULATOR FIDELITY

The SPAW ARC recommends improving the fidelity of simulating the aerodynamic effects of
aircraft icing conditions in FSTDs used in flightcrew member training. Specific aircraft data
should be used when available; lacking that, other sources of engineering data may be used. It
should be noted that there are limitations to simulation and not every possible situation can be
demonstrated. Simulator improvements should include the following considerations:

1. Flight test data should be made available for simulator modeling.

2. Effects that represent the actual flight dynamics and performance changes should be
simulated to increase the awareness of ice accretion.

a. Aerodynamic effects on lift, drag, and moment in simulation through means other
than weight.

b. The effects of icing on control feel, airframe buffeting (if applicable), and control
effectiveness should be simulated.

c. There should be the potential to have the aircraft stall before the stall
warning systems activate.

Ice protection equipment failures should be simulated.
4. The effect of ice due to engine ingestion should be simulated.

Please refer to appendix H for technical requirements pertaining to the above.

Rationale

The SPAW ARC makes this recommendation based on industry and survey feedback about
unrealistic training events and improving flightcrew recognition.

The SPAW ARC acknowledged that icing conditions were generally not a problem for

large transport category aircraft. The ARC researched accidents and incidents involving

icing conditions that involved fixed-wing transport category aircraft. It was evident through the
various surveys and testimony that there was general concern from the operators and users about
the fidelity of icing simulation models in FSTD equipment. The method to simulate the effects
of icing varied, were based on improper simulation through changes in weight, and were not
subject to adequate testing through the qualification process.

A key concern from the simulator manufacturing representatives was the lack of appropriate
OEM data to properly model the aerodynamic effects related to the formation of ice and the
resulting effects on the airplane performance.

In its review, the SPAW ARC recognized that icing effects should not be treated as a constant for
every aircraft type. Certain aircraft types are more susceptible to the formation of ice. Therefore
it is necessary for simulation models to include specific characteristics applicable to the
simulated aircraft type.

For example, in the Roselawn accident due to the icing encounter and subsequent loss of control
(LOC), ATR used data available from incidents and their numerical simulation to study the
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airplane performance and identify any abnormal aerodynamic characteristics. It concluded that
in each incident there were significant drag increases, and in some cases this was accompanied
by a significant decrease in lift coefficient; the drag increases were primarily attributed to the
propeller ice accretions at the lower revolutions per minute settings used during the subject
flight. It is evident that such factors are not captured in the aerodynamic mathematical models
used in aircraft simulators.

One of the factors leading to a LOC resulting from the effects of icing is the increased stall speed
or reduced critical angle of attack (AOA) at which the aircraft will stall. There is evidence
indicating that in many cases, current simulation of icing aerodynamics effects is through an
increase of the weight, which may be disproportionately changed to provide the general
characteristics. After review, the SPAW ARC concluded this method is inappropriate. The most
significant effect of icing on the wing surface is its influence on the smooth flow of air over the
surface, causing the airflow to separate from the wing at a lower AOA than normal and creating
a reduction in the lift that is normally developed by a wing at a given AOA and airspeed. The
maximum lift that can be developed and the AOA at which it will be developed is significantly
reduced and the stall buffet and stall will be encountered at higher than normal airspeeds. The
systems to protect the aircraft from entering a stall are considered effective for most
transport-category aircraft and are designed to activate at a predefined AOA. It is evident that, in
icing conditions, these may not activate prior to the stall, or may activate with a reduced safety
margin, and not allow the flightcrew reaction time to avoid a stall condition. This condition is
observed in numerous incident and accident reports, such as in 2006° when a SAAB-Scania AB
aircraft during an en-route climb over Santa Maria, CA suddenly entered icing conditions. The
wing dropped, the autopilot disconnected, and the clacker immediately sounded.

The SPAW ARC is confident that, based on the system design, this is a critical situation that may
also be masked by the autopilot and could result in an LOC condition. Accordingly, the ARC
finds it important that flightcrews are appropriately trained on this phenomenon in a simulator
training scenario that emphasizes that in icing conditions the stall protection system may not
activate and the stall margins may be significantly reduced. The ARC also notes that the ice
contamination of the wing has a significant detrimental effect on the aircraft’s total drag, which
is comprised of parasitic drag and induced drag. Similarly, the pitching moment characteristics
are also affected by the ice contamination. For example, on a swept wing, the progression of
flow separation is affected and the pitch down characteristics may be different from a stall event
with an uncontaminated wing. It is therefore important that these effects of icing on lift, drag,
and pitching moment are properly modeled to ensure the appropriate airplane characteristics are
present for flightcrew member training.

®0On January 2, 2006, a Saab-Scania AB SF340B+, N390AE, operated by American Eagle Airlines,
Flight 3008 encountered icing conditions during the en route climb over Santa Monica, California. The
airplane was at 11,700 feet mean sea level (MSL) when it departed controlled flight, and descended to an
altitude of about 6,500 feet MSL. The pilots recovered control of the airplane, and continued to their
scheduled destination. The NTSB report is available at http://www.ntsb.gov/aviationquery/index.aspx,
and the report number is LAX061AQ076.
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The systems to protect the aircraft from in-flight icing are built into the aircraft and go through a
rigorous certification process. Flightcrews are trained to use them and make appropriate
judgments about when to exit icing conditions. While these systems are considered to be
effective for most aircraft, it is necessary for flightcrew members to be trained to recognize the
failure of such systems and to manage the ensuing conditions.

3.4 COMPREHENSIVE PILOT TRAINING®

The ARC concluded that it is important to look beyond part 121 training into pilot certification
training to ensure enhanced skills, comprehension, and knowledge. To assist in consistent
flightcrew member training and response in icing conditions, operational issues such as icing
training should be part of the training curriculum throughout the entire career of a

professional pilot.

Rationale

Based on research into accidents and incidents involving icing conditions, it is the opinion of the
SPAW ARC that a pilot operating an aircraft in part 121 operations is using the total of all of the
skills learned and used to that point. Icing is a condition that may be encountered in a variety of
aircraft operations so it is critical to have training in this area during all phases of a pilot’s
aviation career. The ARC believes—

e Encountering icing conditions without proper preparation and training in any form of
operations is dangerous.

¢ If the importance of operations in icing conditions is not introduced early in the pilot’s
career, the experience will not be gained for future part 121 operations.

e Numerous NTSB reports of accidents that are not under part 121 regulations have cited
icing as a contributing factor to the accident.

It is the opinion of the ARC that these recommendations should be applied beyond
part 121 operations.

3.5 AIRMAN KNOWLEDGE TEST REQUIREMENT85

The SPAW ARC recommends the Airman Knowledge Test requirements be changed to require
the applicant to meet a minimum passing grade in each of the subject areas to verify the
applicant has the desired/satisfactory level of knowledge in all of the areas covered in the test.

* This recommendation applies to Stall, Stick Pusher, Icing, and Microburst/Windshear.
® This recommendation applies to Stall, Stick Pusher, Icing, and Microburst/Windshear.
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Rationale

The current Airman Knowledge Test requires the student to have a minimum passing grade
based on the average of the overall test; the applicant can potentially obtain a passing grade
without correctly answering a single question in one of the subject areas. For example, the
applicant could pass the test without answering any question correctly on meteorology.
Additionally, it is good practice for an employer to validate the knowledge of a pilot in each of
the written test subject areas during initial training.

3.6 TRAINING PROGRAM CONTENT

The SPAW ARC recommends that POIs inspect training program content and ensure it is
comprehensive with regard to the operations and that the training conducted is applicable to the
operation. Additionally, the ARC recommends that a mechanism be developed to allow POls to
collect and share information concerning approved training programs.

Rationale

The ARC’s recommendations are based on evidence that information and procedures taken out
of context can be detrimental.

The Administrator is required to review the contents of any approved training program. This
review should be conducted to validate that the training program conforms with all
regulatory requirements and is appropriate to the information contained in the approved
Operations Specifications.

Results of accident/incident reviews have shown that material in approved training programs
may not be appropriate for all operators. For example, training material for part 121 turbo-prop
operators may not apply to a part 121 turbo-jet operator, even if a single operator maintains a
mixed fleet type, such as turbo-prop and turbo-jet.

The additional mechanisms for POI information sharing are to help ensure application and
standardization of safety-critical information across the industry.

3.7 INSTRUCTOR TRAINING

The SPAW ARC recommends that the operators provide a method of ensuring that instructors
are prepared to properly train elements included in the training program. This should include
knowledge of any limitation that exists with the equipment used in the delivery of this training.

Rationale

It is the opinion of the SPAW ARC that the industry should be mandated to incorporate training
for all instructors responsible for delivering training in FFS to ensure that the potential for
negative training as a result of operating outside the verified limits of a FSTD is avoided. The
ARC makes this recommendation based on evidence gathered from incident reports that FFSes
are not consistently operated within the prescribed limits of their operational specifications.
Maneuvering within the operational parameters and constraints derived through either OEM
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flight test data or engineering data, which are verified by SMEs, is essential. Although
simulators may be aerodynamically modeled outside of these operational limits, without proper
verification with OEM data, there is no guarantee that the flight training device will accurately
simulate the actual aircraft for which it is modeled and thus, it cannot be relied upon to
realistically simulate undocumented flight conditions.

3.8. AUTOPILOT UTILIZATION

The SPAW ARC recommends that the OEMs give specific guidance on use of the autopilot
during icing conditions. If additional requirements are identified by the Aircraft Certification
Office (ACO) for the use of autopilot during these conditions, this should be evaluated by the
Aircraft Evaluation Groups (AEG) and included in the FSB report. The AEG should evaluate
flightcrew workload and awareness of the aircraft state.

Rationale

Incidents and accidents demonstrate that automated flight control systems may mask the actual
aircraft trim state and consequent changes in performance and handling qualities. If such
conditions go unnoticed, the aircraft state may deteriorate, resulting in LOC and possibly a stall.
By design, an autopilot system will generate commands to adjust for unusual conditions until the
commands reach full authority or cannot be sustained. This may result in autopilot disconnect,
when control must be assumed by the pilot. Accordingly, the SPAW ARC believes that
autopilot design should be reviewed with consideration for the potential of trimming to an
undesirable aircraft state, to ensure that such characteristics are addressed in pilot training in
specific types.

There are three elements related to the automated systems that should be a focus in any practical
or theoretical training related to this subject:

1. Anunderstanding of the operation of the automation and specific conditions that may
result in an undesired/unexpected response;

2. An understanding of the indications and cues related to the system, in particular in
situations where there is potential for the undesired or unexpected behavior; and

3. A proper flightcrew response in situations where the condition of the aircraft under
automated control may lead to an undesired/unexpected behavior.

Anomalous behavior of the autoflight system is generally confined to unusual circumstances,
such as when an aircraft is accreting ice on the lifting surfaces. In such circumstances it is
especially important to monitor aircraft status with a focus on the autoflight systems that may
reach trim limits and ultimately disconnect, with the potential for aircraft upset. Accordingly,
the SPAW ARC urges the OEM, FAA ACO, and the FSB/AEG to give emphasis to assessments
of autoflight systems and conditions that might cause the system to trim toward an upset.
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4.0 MICROBURST AND WINDSHEAR TRAINING

FINDINGS & CONCLUSIONS

Since the introduction of the Windshear Training Aid® in the late 1980s, microburst and
windshear events (both incidents and accidents) have decreased significantly. The
recommendations in this report must therefore be seen as a combination of current
“best-practices” and issues that may not be properly described in current regulations and ACSs.

With regard to microbursts and windshears, the SPAW ARC—
e Conducted extensive research to identify what work had already been completed.

e Performed a review of microburst and windshear events within a variety of databases and
the provided incident and accident reports.

e Surveyed operators, pilots, training providers, and universities offering flight training to
identify best practices and deficiencies in microburst and windshear training.

The SPAW ARC members agreed on the main issues that could either be improved upon,
should be required in new regulatory guidance or advisory material, or have not been properly
addressed. Those issues are discussed in this section.

The specific issues addressed are validated by findings from the provided incident and accident
reports, survey responses from stakeholders, the experiences of subcommittee participants, and
testimony from SMEs.

Safety impact has been the main reason for the recommendations, but care has been taken that
these proposals do not pose significant monetary investments or add to already demanding
simulator profiles. Rather, the SPAW ARC recommendations focus on the quality and
standardization of current practices, tightening of simulator specifications and requirements, and
additions to theoretical knowledge training. This theoretical training can be accomplished
through classroom training, Web-based/distance learning, or any other suitable training method.
Recency requirements have been added as part of the recommendation.

The basis of safe operation in and around areas of windshear and microburst can be divided into
different segments. These are—

e Knowledge/Awareness,
e Prevention,
e Recognition, and

e Recovery (Skill).

® Windshear Training Aid, U.S. Department of Transportation, Federal Aviation Administration 1987.
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RECOMMENDATIONS

4.1 MICROBURST AND WINDSHEAR TRAINING

The SPAW ARC recommends including microburst and windshear training in the following
air carrier training programs:

e New-hire training,

e Type rating/transition training,

e Recurrent training with specified intervals,*
e Requalification training, and

e Upgrade training.

*The intervals for training on adverse weather during recurrent training recommended by this
subcommittee are—

e For theoretical knowledge training, at least every other training event.

e For flight training, at least every recurrent training cycle.

Rationale

The SPAW ARC members’ experiences and industry feedback show that the knowledge and
experience level of new-hire pilots varies widely on many subjects. Windshear and microburst is
no exception. In order for an operator to ensure that all new-hire pilots have the minimum level
of knowledge and skill required for company type-specific training, operators should define and
identify what they consider to be the minimum acceptable level of microburst and windshear
knowledge required prior to entering any category of training. Each operator should then ensure
that all new-hire pilots have the required minimum knowledge and skills to enter their next
training course, or provide refresher training to ensure that pilots meet the minimum standards.

Maintaining safe operations requires pilots to build and retain skills and knowledge in microburst
and windshear avoidance, recognition, and recovery regardless of operation, airplane type, role,
or position. In order to build and maintain these skills, pilots need to be exposed on a periodic
basis to microburst and windshear training. Since the results may be catastrophic if a pilot fails
to avoid, recognize, or properly recover from a microburst or windshear event, the SPAW ARC
members believe a pilot should be exposed to microburst and windshear training on a recurring
basis during their career.

Air carriers and training centers should include both academic and maneuvers training (both
takeoff and landing) on a periodic cycle as part of their required recurrent training cycles. Pilots
shall accomplish microburst and windshear training during recurrent training on each type of
aircraft for which they are qualified at least once every recurrent training cycle. The intent is that
some part of microburst and windshear training is covered during every training event.
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During part 121 training, aircraft type, areas of operations, and operator-specific issues need to
be addressed. Also, part 121 training must validate the skills and knowledge of a pilot in these
issues. Training initial skills and retaining skills and knowledge should remain part of training
during the career of a pilot.

4.2 CoMPLEX WIND MODELS

The current part 60 requirements require four wind profiles in takeoff and landing
configurations. The SPAW ARC recommends two additional complex windshear models, which
include vertical wind (shear) components, to be available to the instructor. These profiles are
considered to provide experience in a more complex windshear encounter. They must be
available in the takeoff and landing configurations and must consist of independent variable
winds in multiple simultaneous components. The Windshear Training Aid provides two such
example complex windshear models that can satisfy this requirement. Any proposed alternate
wind models used to meet this requirement must be properly supported and referenced in the
master quality test guide (QTG). After inclusion of the two additional complex models, these
models should be included in training programs.

Rationale

The four required profiles, which allow for the training of procedures, only include horizontal
windshear components. The complex scenarios include vertical downdraft, are representative of
microbursts, and provide for a more challenging encounter.

4.3 ADVERSE WEATHER ACADEMIC TRAINING

The SPAW ARC recommends that theoretical knowledge training for adverse weather should
include at least, but not be limited to, the following items:

e Windshear;

e Microburst;

e En-route/high altitude weather phenomena;

e Convective activity;

e Weather events that exceed the capability of the airplane; and

e Events that do not necessarily exceed the threshold for microburst and windshear
alerting, such as gusting crosswinds, turbulence, or virga.

Rationale

Information contained in the Windshear Training Aid and other FAA-approved training material
should be used to ensure pilots have a more complete understanding of the phenomena causing
adverse weather, and provide an added capability to recognize and avoid adverse weather,
including microbursts and windshears.
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4.4 SIMULATOR FIDELITY

The SPAW ARC recommends that improvements be made to simulator standards that will
improve FSTD capabilities to support the microburst and windshear training requirements as
recommended herein. For these changes to become mandatory, the ARC recommends the
publication of an FSTD Directive as defined in 8 60.23. For more information, see appendix H.

Rationale

Training recommendations made in this report to improve microburst and windshear training will
require updates to the FSTD technical standards as defined in part 60. These technical standards
were developed by a technical working group comprised of a broad range of SMEs on simulator
development and evaluation, including members of the FAA’s National Simulator Program
(NSP) and simulator manufacturer engineers.

The FAA should incorporate these changes to part 60, through due process, and make these
requirements applicable to all new FFS equipment based on an effective date that is coordinated
with the effective date of new training requirements as defined in the body of this report.
Furthermore, since the training requirements recommended in the body of this report will likely
be conducted in FSTDs evaluated and qualified under grandfathered simulator standards, the
recommended simulator standards detailed in Appendix H should be published through an
FSTD Directive as defined in § 60.23. Note that the publication of an FSTD directive addresses
safety of flight issues and is applicable to each qualified FSTD, regardless of its original
qualification standard. It is the intent of the SPAW ARC that any retroactive simulator
requirements as defined in attachment A of appendix H and published as an FSTD Directive
should be addressed as additional qualification requirements (see § 60.16) that are applicable
only to those simulators being used to conduct training tasks as defined in this report.

4.5 SIMULATOR INSTRUCTOR OPERATING STATIONS

To improve microburst and windshear training, the SPAW ARC recommends that all required
windshear models be selectable and clearly labeled on the 10S. Additionally, all 10S selectable
windshear models must employ a method, such as a simulator preset, to ensure that the FSTD is
properly configured for use in training. In order to achieve the training objectives in accordance
with the Simulator Windshear Model Implementation Guide, this method must address variables
such as windshear intensity; aircraft configurations, including weights and flap settings; and
ambient conditions, to ensure that the proper windshear recognition cues are present. The FAA
NSP manager (NSPM) shall insure these profiles are evaluated at initial and recurring
qualifications. Please refer to appendix H for further guidance.
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Rationale

Current requirements for windshear profiles do not require a standardized approach for the
labeling of the available profiles on the 10S; as a result, there is variation in the implementation
and use of the windshear profiles between simulators and between instructors’ use of them on the
same simulator. Furthermore, the instructors lack the necessary information to determine how to
configure the profile to ensure the windshear recognition cues will occur as desired and that the
profile will provide the expected levels of severity. Requiring the pertinent parameters to be
preset, together with information/guidance for the instructor on the nature of the profile and its
purpose should ensure a consistent use of the installed profiles.

4.6 TURBULENCE REQUIREMENTS

The SPAW ARC recommends minimum turbulence requirements be included in the
windshear profiles.

Rationale

Most windshear events include levels of noticeable turbulence. Feedback from simulator
manufacturers and training providers revealed that wide variations exist between simulators in
how they handle turbulence in windshear profiles. Some simulators have turbulence
automatically programmed into windshear profiles while others do not. Some simulators allow
the instructors to select a turbulence setting when they select a windshear profile, while others
do not. There is no industry standard or regulatory guidance on this, and it is not part of the
simulator qualification standards. The result is that there is no standardization in microburst and
windshear training among instructors. Without adding this realistic effect, the situation and
recovery maneuver can be seen as benign, resulting in negative training. By requiring a specific
turbulence setting to be programmed in each windshear profile that cannot be changed, the use of
realistic turbulence will be standardized in microburst and windshear training, helping avoid
negative training.

4.7 NON-SURVIVABLE SCENARIOS

The SPAW ARC recommends that a non-survivable scenario should not be required or approved
by the Administrator as part of a windshear training program.

Rationale

The current industry philosophy is that positive training should be reinforced and non-survivable
training events should not be used. Simulators currently have the requirement to demonstrate a
non-survivable windshear scenario, and this scenario is used for microburst and windshear
training. Requiring a non-survivable event can not only result in negative training, it can create a
sense of helplessness when encountering an actual windshear.

SPAW ARC Final Report 20



4.8 INSTRUCTOR TRAINING

The SPAW ARC recommends that all instructors responsible for delivering training on
adverse weather, including microbursts and windshears, have the knowledge and teaching skills
to properly deliver this specialized training. Specifically, the ARC recommends—

e Instructors receive instruction on adverse weather and the Windshear Training Aid,
including microbursts and windshears. This training will include specific parameters for
different windshear modules available in the simulator and how to effectively teach and
assess students using these windshear modules.

e Instructors are trained and evaluated on effectively briefing and debriefing windshear
training events to insure the key elements in the Windshear Training Aid are covered.

¢ Instructors should be trained and assessed on the delivery of microburst and windshear
training. This shall be done on a recurring basis, when profiles change, or when there is a
change in recovery or avoidance procedures.

Rationale

Feedback from training providers and pilots show that instructors do not always have the
required background knowledge of adverse weather. Additionally, instructors are not always
aware of the proper use of the available microburst and windshear scenarios. The lack of
instructor knowledge has resulted in some improper use of microburst and windshear profiles,
different training standards, and improper or negative training.

The instructor must have knowledge of the Windshear Training Aid, which sets the industry
standard for microburst and windshear training, and the scenarios for use within the microburst
and windshear training program. Instructor training should focus on the practical application of
these principals and the evaluation of a pilot’s performance of proper avoidance and recovery
techniques for microbursts and windshears. The standardization of briefing and debriefing is
critical to ensuring the required standards are met.

4.9 COMPETENCY BASED TRAINING

The SPAW ARC recommends that objective and measurable completion standards are set
(competency based rulemaking), rather than time or content requirements. Appendix F provides
examples of recommended competencies and proficiency standards for windshear training. The
ARC further recommends that checking should not be a requirement for windshear and
microburst training.

Rationale

Time-based training does not guarantee a successful or safe outcome. To satisfy a minimum
standard requirement, setting objective-based completion standards guarantee that an outcome is
the same or similar, regardless of the method of training or time spent in training. Training
outcomes are more important than time-based requirements. There is a global initiative to
transition from prescriptive training requirements to a competency-based model.
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4.10 REGULATORY OVERSIGHT

By not including competency based objectives in FAA AC 120-50A, Guidelines for Operational
Approval of Windshear Training Programs (See appendix 1), any windshear/microburst program
is subjectively judged by a POI. To eliminate subjectivity, the SPAW ARC recommends
improvement of the approval process for training programs by including not only the operators’
POI, but by providing oversight from the certificate management office/region, implementation
of a safety management system (SMS), and have the FAA Flight Standards Service (AFS—-200)
interaction for quality assurance.

Rationale

Currently, there are large variations in content, quality, and methods among approved training
programs, which may affect safety. To effectively address the underlying issues, there needs to
be an exchange of information between POls to provide an industry-wide uniform application
through sharing industry best practices. This approach will provide a system in which
improvements in operational safety will be made through controlled training programs, while
oversight, harmonization, and standardization are improved. This approach still allows
reasonable flexibility for industry. SMS concepts are required and accepted in industry. The
SMS concept provides feedback and quality assurance, and leads to process and safety
improvements. Even though SMS is not required, it would be recommended for implementation.
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5.0 STALL/STICK PUSHER/LOSS OF CONTROL

FINDINGS & CONCLUSIONS

Part 121 air carriers are required to provide flightcrew members with ground training and

flight training to recognize and recover from stalls in several conditions. A primary objective
should be to provide training to maximize the likelihood that pilots will respond correctly and
consistently to unexpected stall warnings, stalls, and/or stick pusher activations. The

SPAW ARC recommends that training providers present realistic stall scenarios to ensure
recognition and recovery of an impending stall in order to avoid an actual upset. Training should
address specific aircraft behavior at low speeds and approaching stalls. Prevention training
should be included to train pilots to recognize conditions that could increase the likelihood of a
stall occurring as well as recognize undesirable aircraft states that could result in a stall. The
ARC recommends that training providers present unexpected situations that surprise pilots as
they would be during an inadvertent event. The ARC maintains that the ability to recognize the
earliest indications of an impending stall is a critical skill in preventing stalls and consequent
upsets. The ARC recommends scenario-based training to observe flightcrew behavior in
situations with threats of impending stall.

Stall recovery procedures prescribed by the OEM provide the proper flightcrew response to
recover from any condition between first indication of a stall and aerodynamic stall (exceeding
C|_Max). Any pilot encountering a stall indication is to assume an actual stall has occurred or

is imminent. Pilots should be trained to treat an approach-to-stall warning as an aerodynamic
stall and immediately execute the recommended stall recovery at the first indication of an
impending stall. Time should not be spent trying to determine if it is an approach-to-stall or
aerodynamic stall.

The SPAW ARC discourages mandating precise parameters for evaluating pilot performance in
stall, stick pusher, and upset prevention and recovery maneuvers. If pilots are concerned about
meeting such constraints, they are distracted from the total picture of recovering to safe flight.
The total performance—including decision making—embraces the valid criteria for judging the
pilot skills essential for safe operations.

With regard to stick pushers, no training requirement exists beyond the generic mandate of
training on all aircraft systems. The letter of the law has been met by discussing the stick pusher
in academic training, although some operators have included some training in simulators. When
there has been simulator training, a variety of approaches have been used, ranging from preflight
checks to overriding improper stick pusher activation.—Some of the deficiencies the SPAW ARC
discovered from surveys included—

e Not all training providers address stick pusher in simulator training.
e Among operators that train on the stick pusher, there is no consistency in the training.

e There are insufficient regulatory requirements (14 CFR) and guidance (FAA Order 8900,
Flight Standards Information Management System).
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The SPAW ARC conducted an informal survey of operators and training centers offering

part 121 flight training in stick pusher equipped aircraft. The results are in appendix G. Queries
were also made to manufacturers regarding improper pusher activations. The manufacturers
reported no occurrences of any improper pusher activations.

No evidence was found that any stick pusher system installed in transport category airplanes has
a history of improper activation. Therefore, the ARC has determined that there is no value in
training for such an event; such training may have a negative effect on pilot response to an actual
pusher activation.

Despite the fact that pilots receive academic training to allow the pusher to function, the few
training organizations that regularly train pilots in stick pusher activation during stall training
find that the initial (natural) pilot response is to resist the pusher. Evidence from surveys shows
that only a few training organizations have added stick pusher training to their syllabi, and they
have completion standards for the pilots. The training objectives of the air carriers responding—
barring one—are nebulous in that they do not describe the objective of training.

RECOMMENDATIONS

5.1 STICK PUSHER TRAINING

The SPAW ARC recommends mandating stick pusher training in equipped airplanes. Although
the ARC does not recommend checking pilot response to the pusher, the training should have
specific completion standards. Operators should have completion standards appropriate to
pusher-activation training during stall. The training completion standards shall include recovery
to desired flight path. Federal regulations should require the training and the Administrator
should provide guidance for training standards for pusher-equipped aircraft. Stick-pusher
training should be included in the following curricula:

e [Initial training,

e Recurrent—not less than once in 3 years,
e Transition,

e Differences, and

e Upgrade.

Rationale

Since overwhelming evidence indicates that pilots’ initial physical reaction to the stick pusher is
to resist it, training providers should ensure that the training continues until the completion
standard of permitting the pusher to reduce AOA is accomplished by each pilot. Notable
accidents include—
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e 1n 1994, an Atlantic Coast Airlines’ J-41 stalled on final approach after the autopilot
disconnected. The pilot resisted the stick pusher. The result was fatal.

e In 2004, a Pinnacle Airlines® CRJ stalled at high altitude, and the pilot resisted the initial
stick push, resulting in the engines failing and fatal injuries.

e In 2009, a Colgan Air, Inc.® Q—400 stalled on final approach after the autopilot
disconnected. The pilot resisted the stick pusher. The result was fatal.

5.2 STALL TRAINING
The SPAW ARC recommends that training programs for stall training include the following:

Knowledge- Flight Training Operational
Stall Training Element Based (Simulator or Experience Focus
Training Aircraft) Elements’

General Aerodynamic Characteristics
General Aerodynamic Principles
Control Effectiveness at High AOA
High AOA Reduction in Stability
Effects of High Altitude and MACH Number
Characteristics of Power ON and Power OFF Stalls
Stall with Sideslip Present

Type Specific Aerodynamic Characteristics

X X X X X X X X

Effects of Weight and Center of Gravity
1,2,34,5

Stall Training

Energy Management

X

Avoidance and Prevention

Recognition

X X X X
X X X X

Stall Recovery

"'On January 7, 1994, a Jetstream J4101, N304UE, operated by Atlantic Coast Airlines doing business as
United Express 6291, stalled on final approach after the autopilot disconnected. The pilot resisted the
stick pusher and crashed 1.2 nautical miles east of the runway. The NTSB report is available at
http://www.ntsb.gov/aviationquery/index.aspx and the report number is DCA94MAQ27.

8 On October 14, 2004, a Bombardier CL-600-2B19, N8396A, operated by Pinnacle Airlines doing
business as Northwest Airlink, crashed into a residential area about 2.5 miles south of Jefferson City
Memorial Airport, Jefferson City, Missouri. During the flight, both engines flamed out after the pilot
induced an aerodynamic stall at high altitude and resisted the initial stick push. The engines failed to
restart. The NTSB report is available at http://www.ntsb.gov/aviationquery/index.aspx and the report
number is DCAO5MAQ03.

° On February 12, 2009, a Colgan Air, Inc, Bombardier DHC—8-400, N200WQ, operating as
Continental Connection Flight 3407, was on an instrument approach to Buffalo-Niagara International
Airport, Buffalo, New York. The Q-400 stalled on final approach after the autopilot disconnected. The
pilot resisted the stick pusher and crashed into a residence. The NTSB report is available at
http://www.ntsb.gov/aviationquery/index.aspx and the report number is DCAO9IMAQ27.
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Knowledge- Flight Training Operational

Stall Training Element Based (Simulator or Experience Focus
Training Aircraft) Elements’

Surprise Eﬁ‘ect8 X X
Handling Characteristics (Type Specific) X X
Slow Flight Characteristics X X
Stick Pusher (Equipped Aircraft)? X X
Stall Maneuvers: Training and Evaluation®?3*®
Clean Configuration Stall at Low Altitude® X
Clean Configuration Stall at High Altitude® X
Departure/Approach Stalls with Partial Flaps X
Landing Configuration Stall X

Company Operations and Procedures
Crew Resource Management Integration with X X X
Stall Training
Instructor Training X X

Notes:

1. Stall training beyond the first indication of a stall in the simulator will not be conducted
until all of the following conditions are met:

a. The simulator modeling and fidelity are such that the simulator of the specific
airplane is representative in this flight regime.

b. Simulator enhancements in the low speed regime are incorporated in order to
represent the changes in flying characteristics that typically occur approaching the
critical AOA and include the following enhancements:

I.  Reduction in pitch, roll, and yaw stability,
ii.  Reduction in aircraft response to control inputs,
iii.  Improved motion response for better g-cueing,

iv.  Stall buffet to cover broader range of flight conditions (if appropriate for the
airplane),

v.  Feedback of model aerodynamic fidelity and pilot control inputs to the
instructor station, and

vi.  Type or model specific characteristics or behavior approaching or exceeding
critical AOA (C_ Max) .

c. Simulators used for aerodynamic stall training must obtain additional qualification in
accordance with 8 60.16. See appendix H.
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2. For pusher-equipped aircraft, stall training will be conducted to pusher activation and
through recovery. Pusher equipped aircraft according to certification requirements, are
deemed to have stalled at pusher activation. Pilots should always be trained to recover
from an impending stall at the first indication of a stall; however, demonstration of the
stick pusher activation should also be included in stall training.

3. Stall training should be conducted in a full-flight simulator with motion. If an airplane is
used for stall training, stall training must be limited to approach-to-stall training only.
Stall training to aerodynamic stall must not be performed in a transport category airplane.

4. All stall training and evaluation should be conducted using realistic scenarios that
replicate operational conditions and representative altitudes. Stall training must be
accomplished with the autopilot engaged and disengaged.

5. For the purpose of this training matrix, stall training must be done within the aircraft
certification envelope as defined in 14 CFR part 25 or 23. Note: The stall may be
defined as the stick-pusher system activation. Emphasis in training must be on the
recognition and recovery, not the entry into the condition.

6. Stall training in a clean configuration should be conducted both at altitudes close to the
service ceiling and at low operational altitudes to familiarize pilots with the difference in
aircraft performance at these altitudes.

7. These items need discussion during operating experience, and are not meant as training
items that need to be performed on the actual airplane.

8. Presenting pilots with a surprise event in the simulator and training to respond to
such events.

Rationale

In 2010, an industry Stall/Stick-pusher Working Group was organized to address concerns with
LOC accidents due to stalls. The recommendations in the matrix are based on industry feedback
that indicated discrepancies among operators for standards in stall training and checking in
knowledge and practical flight training. The matrix represents industry best practice and defines
the elements required for part 121 air carriers to provide flightcrew members with ground
training and flight training to recognize and avoid a stall of an aircraft or, if not avoided, to
recover from the stall.

A paper published by the technical subgroup of the FAA/Industry Stall/Stick-pusher Working
Group, including members of the FAA’s NSP and simulator manufacturer engineers, concluded
that simulators for transport category aircraft as of 2010 are accurate, validated, and can be used
for training to the first indications of a stall, which includes up to the stall warning (stick shaker)
and stick pusher (if installed). However, stick pusher force must be validated to ensure that it is
representative of the airplane. It is not currently required to be checked.

Due to current simulator limitations, stall training beyond the first indication of a stall should not
be conducted because the simulator’s lateral/directional characteristics may not be representative
of the aircraft (in most cases they are not validated) and the pilots/instructors cannot always
determine where the stall occurs. Negative training may result if the simulator is not
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representative of the airplane. A technical subgroup of the FAA/Industry Stall/Stick-pusher
Working Group, including members of the FAA’s NSP and simulator manufacturer engineers,
further recommended today’s simulators not be used to train between stick pusher and
aerodynamic stall (exceeding C. Max) unless further testing and validation in this flight regime
are performed for the specific simulator and approved by the FAA (see note 1 of the stall matrix
and appendix H).

5.3 FSB ProcEess!®

The SPAW ARC recommends a review of the current procedures and standards established for
developing OEM-recommended and AEG/FSB-validated training programs for safety systems
that will be included in the FSB report. Standards should also be established for a continuous
process improvement feedback loop of the FSB report, including changes an OEM may
recommend to established training programs after operating experience is gained from
in-service aircraft.

Rationale

The SPAW ARC, based on expert testimony and through deliberations, concluded that the
current FSB review process and the resulting FSB report has the potential to omit the assessment
of training requirements for safety critical systems when they have not been identified by the
aircraft OEM. Furthermore, where safety-critical systems are assessed, they may not receive the
required level of scrutiny to assure the desired level of safety through training. The ARC
observed that—

e Incorporation of new systems does not always receive proper attention in the FSB report.

e No quality-assurance process for FAA reviews and approvals exists.

5.4 SIMULATOR TRAINING

The SPAW ARC recommends stall and stick-pusher training (if appropriate) should be
conducted in a qualified FFS with motion. If the airplane is used for stall training when a
qualified simulator is not available for the aircraft type, this training must be limited to recovery
at the first indication of stall.

Rationale

Industry experience shows modern FFSes with motion allow stall training and evaluation in a
safe environment without subjecting the pilots and instructors to the associated hazards of
in-flight training. Most stall training is currently done in a qualified FFS with motion.

1% This recommendation applies to Stall, Stick Pusher, Icing, and Microburst/Windshear.
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There are specific cases where stall training is conducted in the airplane because no qualified
FFS exists. This inflight stall training has proven to be safe in airplanes because adequate safety
margins are maintained during the stall training. Conducting stall training to the aerodynamic
stall in the airplane increases risk and could lead to an LOC situation. Therefore, the stall
training must not be conducted in the actual aircraft beyond first indication of a stall in transport
category aircraft.

5.5 STALL TRAINING PROGRAMS

The SPAW ARC recommends that each air carrier should include stall and stick pusher training
conducted for pilots during—

e Initial new-hire training.

e Transition training (including requalification training) to include stall and
stick pusher training on the specific stall characteristics and recovery techniques
for the specific airplane.

e Upgrade training.

e Recurrent training providing refresher training of academic and maneuvers training
spread out over two years to include basic stall aerodynamics, slow flight, stall
recognition and recovery maneuvers, and effective aeronautical decision making to avoid
stall events. The intent is to ensure some basic elements of stall training are covered
during each training event. Maneuvers training, including stick-pusher demonstration,
should be conducted in a qualified simulator. At least once each three years a scenario-
based training stall exercise should be accomplished in the simulator as a flightcrew stall
event. Scenario-based exercises should be accomplished during recurrent training
without briefing the pilots that the event will occur.

e Recurrent training on each type of aircraft with distinctly different stall characteristics at
least once every 24 months, in the event that a pilot is qualified on more than one aircraft.

Rationale

Industry feedback shows that some part 121 stall training programs make improper assumptions
of new-hire pilots’ aerodynamic knowledge, and stall recognition and recovery skills for large
transport aircraft. Therefore part 121 air carriers shall include stall training in their initial
new-hire training program to ensure that all new-hire pilots meet the required level of
aerodynamic knowledge as well as stall avoidance, recognition, and recovery skills.

Pilots need to be trained on the specific stall characteristics for the type aircraft they are flying.
Stall training should be conducted on a recurring basis during the career of a pilot at an

air carrier. Air carriers and training centers should include both academic and maneuvers
training as part of their required stall/stick-pusher recurrent training cycles.
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5.6 UPSET PREVENTION AND RECOVERY ACADEMIC TRAINING

The SPAW ARC recommends an academic training program based on the Airplane
Upset Recovery Training Aid revision 2 or an approved equivalent, be mandated for all
commercial pilots.

Rationale

This satisfies the Airline Safety and Federal Aviation Administration Extension Act of 2010,
Public Law 111-216 (Pub. L 111-216) § 208 mandate to utilize the existing aviation training
infrastructure and ensures appropriate qualifications for those that deliver training. It ensures
that the existing aviation-training infrastructure is used appropriately to eliminate incorrect
information and negative training. The term “commercial pilots” encompasses more than
part 121.

5.7 UPSET PREVENTION AND RECOVERY FLIGHT TRAINING

Upset prevention and recovery simulator and academic training shall be conducted for pilots
operating under 14 CFR part 91 subpart K and 14 CFR parts 121, 125, and 135. This training
shall be delivered by instructors specifically trained and evaluated in upset prevention and
recovery training (UPRT). The FAA should develop an AC articulating how to implement a
UPRT program based on the Airplane Upset Recovery Training Aid revision 2, an approved
equivalent, or other FAA-approved guidance.

Rationale

LOC in flight is the leading cause of fatalities in the world-wide commercial jet fleet. It has been
determined that appropriate training is lacking because there is no regulatory requirement and the
current industry guidance (Airplane Upset Recovery Training Aid) is either poorly understood or
not used.

Due to limitations in simulations, this area of instruction requires specialized knowledge and
skill to avoid negative training.

5.8 CERTIFICATION TRAINING

Aircraft training relevant to upset prevention and recovery training shall be mandated for
Commercial Pilots License and Multi-Crew Pilot License (MPL) pilots during certification
training. This will require UPRT-qualified flight instructors.

Rationale

The new-hire demographics have changed to include far fewer pilots with a military background
who have had all-attitude training. The target group for this training is commercial pilots. There
is insufficient infrastructure to expect today’s pilot population to undergo basic in-flight UPRT.
This area of instruction requires instructors with specialized knowledge and skills. The need for
this training will be enduring; recognition and recovery skills should be a core-competency for
commercial pilots. Aircraft training relevant to UPRT is best done early in the pilot’s flying
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career so the relevant knowledge and skills can be developed over time. The International Civil
Aviation Organization has recognized the importance of UPRT in aircraft prior to flying large
transport category aircraft by including UPRT in the basic phase of the MPL training.

5.9 SIMULATOR FIDELITY

The SPAW ARC recommends part 60 should be amended with a requirement (see appendix H)
for an improved mathematical model of aircraft responses in a stall, as well as improved motion
and stall buffet cueing. For previously qualified simulators, such requirements shall be through
an FSTD directive. The ARC further recommends simulators used in UPRT should include
proper simulation of the following, as appropriate:

e The effects of the proper and improper use of flight controls and thrust,
e Reduction of stability,

e Reduction of control effectiveness,

e The improvement of control effectiveness with the reduction in AOA,
e Wing drop (if required), and

e Entry into secondary stalls .

Rationale

Specifications are training-objective driven. Current mathematical models are inadequate for
teaching recoveries from fully developed stalls. The SPAW ARC concludes that improvements
are required for both the dynamics and the cueing in these regimes. Over the past 25 years,
training of aerodynamic stall and upset prevention and recovery in simulators have not been
required. The applicable FSTD regulatory standards have therefore not been required to be
amended to allow for this training. In light of the recommendations to include aerodynamic stall
and UPRT herein, it is the opinion of this ARC that a set of minimum objective and subjective
testing standards for simulators needs to be defined to support the intended training tasks in both
stall and UPRT. Appendix H to this document contains a set of recommended changes to

part 60, including improved simulator evaluation standards for both stall and UPRT tasks.

5.10 FEEDBACK MECHANISM

The SPAWARC recommends feedback mechanisms for use in the simulator and outside the
simulator for briefing and debriefing pilots on their performance as it relates to upset prevention
and recovery. These feedback mechanisms should include pilot inputs during recovery from an
upset as well as information from both the validated simulation envelope and the aircraft
operating envelope as determined by the data provider, to include at least control forces,
angle-of-attack, g-load, and sideslip excursions. During UPRT, maneuver excursions beyond the
validated simulator envelope require training intervention and explanation. See attachment B to
appendix H.

SPAW ARC Final Report 31



Rationale

Industry feedback from instructors indicates that they do not always have the proper tools to
provide adequate feedback to pilots on their responses to upset prevention and recovery or show
how the flightcrew’s responses relate to the aircraft operating envelope. This often results in
negative or incomplete training. Proper feedback of pilot performance is crucial during training,
especially when an instructor needs to be able to relate pilot responses to upset prevention and
recovery to the actual aircraft operating envelope.

If part of the training is done outside of the validated envelope, there is a risk that the aircraft will
not respond as simulated, which could result in negative training. When exceeding the accepted
simulator model envelope or the known aircraft load factor envelope, the instructor should be
able to inform the pilot that he or she is exceeding those limits and should have improved tools to
correct flightcrew behaviors, thus mitigating negative training.

In addition, simulator time is normally constrained and the instructors do not have enough time
to completely debrief the flightcrew on their performance while in the simulator. These
feedback tool(s) need to be available both inside the simulator for immediate feedback to correct
flightcrew behavior and outside the simulator during the debrief, where longer discussions can
take place between the instructor and students in a more relaxed and less time

constrained environment.

For recommendations 5.6 through 5.10, the following conditions apply:

e UPRT shall follow a phased implementation plan. This plan, created in conjunction with
industry, shall be put in place to eliminate the risk of negative training.

e Completion of an integrated course of UPRT shall result in pilot training record.
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14 CFR
AC
ACO
AEG
AFM
AOA
AOM
ARC
ASAP
ASIAS
ASRS
AVP
CCA
FAA
FFS
FOQA
FSB
FSTD
ICATEE
InFO
10S
LOC
MPL
MSL
NASA
NSP
NSPM
NTSB
OEM
POI

Pub. L. 111-216

QTG

APPENDIX B—ACRONYMS

Title 14, Code of Federal Regulations
Advisory Circular

Aircraft Certification Office

Aircraft Evaluation Groups

Airplane Flight Manual

Angle of Attack

Aircraft Operating Manual

Aviation Rulemaking Committee

Auviation Safety Action Plan

Aviation Safety Information Analytical Sharing
Auviation Safety Reporting System

Office of Accident Investigation

Computer Controlled Aircraft

Federal Aviation Administration

Full-flight simulators

Flight Operations Quality Assurance

Flight Standards Board

Flight Simulation Training Device

International Committee for Aviation Training in Extended Envelopes
Information for Operators

Instructor Operating SystemStation

Loss of Control

Multi-Crew Pilot License

Mean Sea Level

National Aeronautics and Space Administration
National Simulator Program

National Simulator Program Manager

National Transportation Safety Board

Original Equipment Manufacturer

Principal Operations Inspector

Airline Safety and Federal Aviation Administration Extension Act of 2010,
Public Law 111-216

Quality Test Guide

SPAW ARC Final Report



SAFO
SME
SMS
SPAW
TEM
UPRT
UPRTA

Safety Alert for Operators

Subject Matter Expert

Safety Management System

Stick Pusher and Adverse Weather
Threat and Error Management

Upset Prevention and Recovery Training

Upset Prevention and Recovery Training Association
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APPENDIX C—CHARTER

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

Effective Date: 9-30-2010

SUBJ: Stick Pusher and Adverse Weather Event Training Aviation Rulemaking
Committee

1. PURPOSE. This document establishes the Stick Pusher and Adverse Weather Fivent
Training Aviation Rulemaking Commitiee (ARC) according to the Administrator’s authority
under Title 49 of the United States Code (49 U.S.C.), section 106(p)(5).

2. BACKGROUND.

a. In August 2010, Congress enacted the “Airline Safety and Federal Aviation
Administration Extension Act of 2010” (the “Act”). Section 208(b) of the Act, titled
“Implementation of NTSB Flightcrew Member Training Recommendations,”
requires the FAA to convene a multidisciplinary panel to study and submit to the
Administrator a report on methods to increase the familiarity and improve the
response of flightcrew members on:

1} Stick pusher systems;
2) Icing conditions: and
3) Microburst and windshear weather cvents.

b. Congress alsa required the FAA to:

1) Issue a report based on the findings of the multidisciplinary panel to Congress
and the NTSB by July 31, 2011; and

2) Initiate appropriate actions to implement the recommendations of the panel on
stick pusher systems, icing conditions, and microburst and windshear weather
event training,

c. To carry out the requirements of Section 208(b) of the Act, the FAA is chartering an
ARC. The ARC will accomplish the tasks directed in Section 208 of the Act based
on the Congressional timelines outlined in the Act.

3. OBJECTIVES AND SCOPE OF THE ARC. The ARC will provide a forum for the
U.S. aviation community to discuss and provide recommendations to the FAA concerning
the development of requirements to meet Section 208(b) of the Act.
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a. The ARC will also identify the best goals, procedures, and training practices that will
enable air cammier pilots to accurately and consistently respond to unexpected:

1) Stick pusher activations;
2) Icing conditions; and
3) Microburst and windshear events.

b| The ARC shall consider scalability of its recommendations to address the needs of
small businesses.

c. The ARC will develop recommendations to Title 14 Code of Federal Regulations
(CFR) part 121 and other associated regulations as may be required to comply with
the intent of Section 208(b) of the Act. These recommendations will be presented to
the Associate Administrator for Aviation Safety for rulemaking consideration on or
before June 30, 2011.

4. ARC PROCEDURES.

a. The ARC shall provide advice and recommendations to the Associate Administrator
for Aviation Safety and acts solely in an advisory capacity. Once the ARC
recommendations are delivered to the Associate Administrator, it is within her
discretion to determine when and how the report of the ARC is released to the
public.

b. The ARC will discuss and present information, guidance, and recommendations that
the members consider relevant in addressing the objectives.

c. The ARC may be reconvened following the submission of its recommendations for
the purposes of providing advice and assistance to the FAA, at the discretion of the
Associate Administrator.

5. ORGANIZATION, MEMBERSHIP, AND ADMINISTRATION.

a. The membership of the ARC will consist of individuals from the government, pilot
associations, training organizations, and other industry organizations that can provide
experts in aircraft operations, flightcrew member training, human factors, and other
appropriate specialties as determined by the FAA.

1) The ARC will consist of no more than 17 individuals.

2) The FAA will identify the number of ARC members that each organization may
select to participate. The Associate Administrator for Aviation Safety will then
request that each organization name its representative(s). Only the representative
for the organization will have authority to speak for the organization or group
that he or she represents.

3) Active participation and commitment by members will be essential for achieving
the ARC’s objectives and for continued membership on the ARC.
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b. The Associate Administrator for Aviation Safety is the sponsor of the ARC and will
select an industry chair(s) from the membership of the ARC and the FAA-designated
representative for the ARC. Once appointed, the industry chair(s) will:

1) Coordinate required committee and subcommittee (if any) meetings in order to
meet the ARC’s objectives and timelines;

2) Provide notification to all ARC members of the time and place for each meeting;

3) Ensure meeting agendas are established and provided to the committee members
in a timely manner; and

4) Perform other responsibilities as required to ensure the ARC’s objectives are
met. ‘

c. A record of discussions of committee meetings will be kept.
d. Although not required, ARC meeting quorum is desirable.

6. PUBLIC PARTICIPATION. ARC meetings are not open to the public. Persons or
organizations that are not members of the ARC and are interested in attending a meeting

must request and receive approval before the meeting from the chair(s) persons and the
designated Federal representative.

7. AVAILABILITY OF RECORDS. Records, reports, agendas, working papers, and
other documents that are made available to or prepared for or by the ARC will be available
for public inspection and copying at the FAA Flight Standards Service, Air Transportation
Division, AFS-200, 800 Independence Avenue, SW., Washington, D.C. 20591, consistent
with the Freedom of Information Act, 5 U.S.C. section 522. Fees will be charged for
information furnished to the public according to the fee schedule published in Title 49 CFR
part 7.

8. PUBLIC INTEREST. The ARC’s formation is determined to be in the public interest
and is designed to fulfill the performance of duties imposed on the FAA by Federal law.

9. EFFECTIVE DATE AND DURATION. This ARC is effective upon issuance of this
order. The ARC will remain in existence until September 30, 2012, unless sooner
suspended, terminated or extended by the Administrator.
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APPENDIX D—SECTION 208 OF PUB. L. 111-216

49 USC 44701 SEC. 208. IMPLEMENTATION OF NTSB FLIGHT CREWMEMBER
note. TRAINING RECOMMENDATIONS,

(a) RULEMAKING PROCEEDINGS.—

(1) STALL AND UPSET RECOGNITION AND RECOVERY
TRAINING.—The Administrator of the Federal Aviation Adminis-
tration shall conduct a rulemaking proceeding to require part
121 air carriers to provide flight crewmembers with ground
training and flight training or flight simulator training—

(A} to recognize and avoid a stall of an aircraft or,
if not avoided, to recover from the stall; and

(B) to recognize and avoid an upset of an aircraft
or, if not avoided, to execute such techniques as available
data indicate are appropriate to recover from the upset
in a given make, model, and series of aircraft.

(2) BREMEDIAL TRAINING PROGRAMS.—The Administrator
shall conduct a rulemaking proceeding to require part 121
air carriers to establish remedial training programs for flight
crewmembers who have demonstrated performance deficiencies
or experienced failures in the training environment.

(3) DEADLINES.—The Administrator shall—

Notice. (A) not later than one year after the date of enactment
of this Act, issue a notice of proposed rulemaking under
each of paragraphs (1) and (2); and

(B) not later than 36 months after the date of enact-
ment of this Act, issue a final rule for the rulemaking
under each of paragraphs (1) and (2).

(b) STICK PUSHER TRAINING AND WEATHER EVENT TRAINING.—
Deadline. (1) MULTIDISCIPLINARY PANEL—Not later than 120 days
Reports. after the date of enactment of this Act, the Administrator

shall convene a multidisciplinary panel of specialists in aircraft

operations, flight crewmember training, human factors, and

aviation safety to study and submit to the Administrator a

report on methods to increase the familiarity of flight crew-

members with, and improve the resglonse of flight crewmembers
to, stick pusher systems, icing conditions, and microburst and
windshear weather events.

{2) REPORT TO CONGRESS AND NTSB.—Not later than one
year after the date on which the Administrator convenes the
panel, the Administrator shall—

(A) submit to the Committee on Transportation and
Infrastructure of the House of Representatives, the Com-
mittee on Commerce, Science, and Transportation of the
Senate, and the National Transportation Safety Board a
report based on the findings of the panel; and

(B) with respect to stick pusher systems, initiate appro-
priate actions to implement the recommendations of the
panel.

(c) DEFINITIONS.—In this section, the following definitions
apply:

(1) FLIGHT TRAINING AND FLIGHT SIMULATOR.—The terms
“flight training” and “flight simulator” have the meanings given
those terms in part 61.1 of title 14, Code of Federal Regulations
(or any successor regulation).

(2) STALL—The fterm “stall” means an aerodynamic loss
of lift caused by exceeding the critical angle of attack.

(3) STICK PUSHER.—The term “stick pusher” means a device
that, at or near a stall, applies a nose down pitch force to
an aircraft’s control columns to attempt to decrease the air-
craft's angle of attack.

(4) UpsET.—The term “upset” means an unusual aircraft
attitude.
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APPENDIX E—DEFINITIONS

Term

Adverse Weather
Aerodynamic Stall (VS)
Approach to Stall

First Indication of a Stall

Flight Simulation Training
Device (FSTD)

Integrated Training Course

Landing Configuration

Lift Curve

Maneuver-Based Training

Microburst

Modular Training Course

Scenario-Based Training

Secondary Stall

Stall Event

Stall Warning

Definition

For the purpose of this report, the term adverse weather is not limited to icing,
microburst, and windshear. The ARC deliberations and recommendations went
beyond the narrow scope and included broader weather conditions.

When the wing’s critical angle of attack is exceeded and lift is reduced substantially
due to airflow separation over the upper surface of the wing.

Flight conditions bordered by stall warning and aerodynamic stall.

The initial aural, tactile, or visual sign of an impending stall, which can be either
natural or synthetically induced.

A full flight simulator (FFS) or a flight-training device (FTD), which is in
compliance with the standards for FSTD qualification as described in part 60.

In an integrated training course the licenses and ratings are provided through a single
course. The integrated course is done with a constant and intensive assessment
accomplished in a shorter duration than a modular course.

Starts at initial configuration change for commencing an approach until executing a
landing, go-around, or missed approach.

A depiction of an aircraft’s lift coefficient versus angle of attack. Typical lift curves
show lift increasing proportionally with angle of attack until lift decreases due to
airflow separation.

Training that focuses on a single event or maneuver in isolation.
A concentrated, powerful downdraft associated with convective weather.

In a modular training course, the licenses and ratings are obtained in different phases
and may be by different providers. The modular course is normally longer than the
integrated course.

Training that incorporates maneuvers with possible real-world experiences to
facilitate training of critical thinking, flight management skills, and cultivate
practical flying skills in an operational environment.

A premature increase in angle of attack during stall recovery that results in
another stall.

Anytime the aircraft develops indications of an approach to stall or
aerodynamic stall.

A natural or synthetic indication provided when approaching a stall that may include
one or more of following indications:

e Buffeting (some aircraft will buffet more than others),

e Reduced roll stability and aileron effectiveness,

e Low airspeed visual or aural indications,

e Reduced elevator (pitch) authority,

¢ Inability to maintain altitude or arrest rate of descent,

e Anaural or visual cue, or

e  Stick shaker activation (if installed).
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Term

Startle

Surprise

Takeoff Configuration

Threat and Error

Management (TEM)

Training Provider

Uncoordinated Flight

Undesired Aircraft State

Windshear

Definition

An unexpected event that causes an emotion such as when a pilot engages autopilot
in vertical speed mode at high altitude, gets distracted while airplane runs out of
thrust, loses speed and stalls.

An event that causes a reflex, such as a pilot wincing and blinking after
windshield cracks.

Defined as normal configuration for takeoff, go-around, or missed approach until all
flaps/slats and gear are fully stowed. Retractable landing gear may be extended
or retracted.

An overarching safety concept regarding aviation operations and human
performance. There are three basic components in the TEM framework: threats,
errors and undesired (aircraft) states. The framework proposes that threats and
errors are part of everyday aviation operations that must be managed by the aviation
professionals, since both threats and errors carry the potential to generate undesired
aircraft states.

Defined as anyone who is providing flight/simulator training to pilots flying under
parts 91K, 121, 125, and 135.

Flight, especially during turns, in which the horizontal and vertical forces acting on
the aircraft are out of balance resulting in a slip or a skid.

A position, condition, or attitude of an aircraft that reduces or eliminates
safety margins.

Any rapid change in wind velocity , either direction or speed.

SPAW ARC Final Report

E-2



APPENDIX F—TRAINING TO OBJECTIVE AND

MEASURABLE STANDARDS

Windshear training programs should be competency based. Pilots must demonstrate proficiency

in each competency to satisfactorily complete the training. Proficiency standards must be clearly
outlined for each competency.

RECOMMENDED/EXAMPLE COMPETENCIES AND PROFICIENCY STANDARDS
FOR A WINDSHEAR TRAINING PROGRAM

THEORETICAL KNOWLEDGE TRAINING
1. Microburst/Windshear Theory—

¢ Identifies conditions that produce microbursts and windshear.

e Lists indicators of the presence of microbursts and windshear.
2. Microburst/Windshear Accidents—

e Describes major accidents caused by microburst and windshear.

e Shows knowledge of the existence of microbursts that exceed the performance
capability of any airplane.

3. Microburst/Windshear Avoidance—

e |dentifies avoidance as the primary means of handling microburst and windshear.
4. Microburst/Windshear Escape—

e Lists the steps of the windshear escape procedure.
e |dentifies the goal of the windshear escape procedure.

FLIGHT TRAINING
1. Microburst/Windshear Escape—

e Identifies the presence of windshear.

Initiates windshear escape maneuver promptly.

e Follows windshear guidance according to OEM or company procedures (if available).
e Coordinates flightcrew activities to respond the windshear.

e Maintains flight path and accepts abnormal airspeed and pitch attitude.

e Reports the windshear encounter to ATC.
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APPENDIX G—SURVEY & DATA ANALYSIS RESULTS/INDUSTRY PRACTICES

Table G-1. Stick Pusher (SP) Company Survey.
SP Ground SP

Company Trainina/ SP SP Training Initial Recurrent Differences Malfunction SP Force Comments on how
pany aining Demo  Training Aids Used Training Training Training L Verification  training is accomplished

Briefing Training

A Yes Yes Yes Yes Yes Yes Yes — Demonstration
measured
B No No No No No No No Not in BAE syllabus
c Yes Yes Yes Yes Yes NA Ensure pilot allows pusher
to lower AoA
Table G-2. Stick Pusher Airline Survey.
2T =1 Qr_ound SP SP Training Initial Recurrent Differences . SP Force Comments on how training

Airline Training/ - . . - C Malfunction Iaben . .

s Demo Training AidsUsed Training Training  Training . Verification is accomplished

Briefing Training

#1 Yes Yes Yes Yes No Yes Unknown
#2 Yes Yes Yes Yes Yes

Hold from shaker to initial
#3 Yes Yes Yes Yes Yes pusher activation —
experience only

#4 Yes Yes Yes Yes Yes Yes Yes Unknown

FAA considered activation of

#5 Yes No No SP "negative training."
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SP Ground

Airline  Training/ SP SP Training  Initial Recurrent Differences Malfunction SP Force
Briefing Demo Training AidsUsed Training Training  Training Training Verification
SME and
#6 Yes Yes Yes Yes Yes Yes Yes NSP force
verification
#7 Yes Yes Yes Yes Yes Yes
Table G-3. SPAW ARC 208 Stick Pusher Demo/Training Data.
Aircraft e (_Br_ound SP SP Training Initial Recurrent Differences £l . SP Force
Training/ - . e S C. Malfunction e
Type s Demo Training AidsUsed Training Training Training . Verification
Briefing Training
ATR .
42/72/500 Yes Yes No Simulator  Yes Yes No No No
Challenger Yes Yes No Simulator  Yes Yes No No No
CL300

SP

Comments on how training
is accomplished

Training complete when
pilot response is to release
back pressure

Flightcrews to get hands-on
with the proper recovery
technique, and reset
muscle memory.

Comments on how training is
accomplished

Stick pusher demonstration
conducted during approach to
stall series. Only one demo is
required. As the airspeed
decreases and when the stick
pusher activates, the pilot will
perform the recovery. Maneuver
graded with a T.

Stick pusher demonstration
conducted during departure,
approach, and at a high altitude
over the course of training.
Bombardier flight test pilot
provided subjective verification
of pusher activation during
simulator certification process.
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SP Ground SP

Aircraft Trainina/ SP SP Training  Initial Recurrent Differences Malfunction SP Force

Type aniNg’ " pemo Training Aids Used Training Training Training L Verification
Briefing Training

Challenger

Cl600 Yes Yes  Yes Simulator  Yes Yes Yes No Yes

Series

CRJ200 Yes Yes  Yes Simulator  Yes Yes Yes No No

CRJ700 Yes Yes  Yes Simulator  Yes Yes Yes No No

CRJ900 Yes Yes  Yes Simulator  Yes Yes Yes No No

Comments on how training is
accomplished

Stick Pusher forces measured and
subjectively verified by the SME.
Exercise in the simulator is
trained to not oppose SP forces
but is not graded.

Training is given in both the clean
and landing configuration.
Exercise in the simulator stresses
not to oppose the stick pusher,
and execute a stall recovery once
the pusher ceases. The event is
trained, but not graded.

Training is given in both the clean
and landing configuration.
Exercise in the simulator stresses
not to oppose the stick pusher,
and execute a stall recovery once
the pusher ceases. The event is
trained, but not graded.

Training is given in both the clean
and landing configuration.
Exercise in the simulator stresses
not to oppose the stick pusher,
and execute a stall recovery once
the pusher ceases. The event is
trained, but not graded.
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SP Ground

Aircraft s SP

Type Trf';un_lng/
Briefing

Dash 8

Q300 Yes Yes

Dash 8

Q400 Yes Yes

Embraer

120 Yes Yes

Embraer

135/145/  Yes Yes

Legacy

Demo Training Aids Used

Recurrent Differences ol . SP Force
C . C. Malfunction e s
Training Training . Verification
Training
Yes Yes No Yes
Yes Yes No Yes
Yes Yes No No
Yes No No No

Comments on how training is
accomplished

Stick Pusher forcesare measured
(+4 Ibs) and subjectively verified
by the Bombardier chief flight
test engineer. Exercise in the
simulator is trained to not oppose
SP force but is not graded. No
malfunction training is provided.

Stick Pusher forces are measured
(+4 Ibs) and subjectively verified
by the Bombardier chief flight
test engineer. Exercise in the
simulator is trained to not oppose
SP force but is not graded. No
malfunction training is provided.

Stick pusher force is per the
original measured values obtained
during simulator certification.
Stick pusher pressures are verified
by the SME for accuracy in feel.
The manufacturer does not have a
stick pusher demonstration. We
accomplish the demonstration in
accordance with standard
FlightSafety recommended
practices.

Stick pusher forces are measured
during the initial certification of
the simulator. The pusher is only
demonstrated not trained, but it is
graded.
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SP Ground SP

Aircraft . SP SP Training  Initial Recurrent Differences . SP Force Comments on how training is
Training/ - . L - L Malfunction o .
Type s Demo Training AidsUsed Training Training Training . Verification accomplished
Briefing Training

Stick pusher is subjectively
verified by the Bombardier test

Global ilot who originally certified the

Express Bd- Yes Yes No Simulator  Yes Yes No No No Pl ginatly certi

700 aircraft. Demonstration is
conducted in the simulator at low
and high altitudes.
Demonstration is accomplished
only after proficiency is achieved
for normal stall recovery. At
simulated minimum en route
altitude on visual approach, stall
is taken to pusher and the pilot
recovers to go around. Additional

Gulfstream training options are available

(G1159) Yes Yes  Yes Simulator  Yes Yes No Yes Yes through use of windshear

/11 recovery that often result in a
pusher or use of pusher
malfunction, which allows
recovery from real-world
scenarios at any altitude. Push
force is verified subjectively by
Gulfstream test pilots during
recent recurrent.

Gulfstream

G200

Gulfstream

G-IV
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Aircraft sl .Gr.ound SP SP Training  Initial Recurrent Differences I . SP Force Comments on how training is
Training/ - . L o e Malfunction e .
Type Briefing Demo Training Aids Used Training Training Training Training Verification accomplished

Subjective force measurement.
Activation is verified by the

Gulfstream Yes Yes  Yes Simulator ~ Yes Yes No No Yes cockpit avionics AOA indication
G450/550 ol o
and the graphic pitch limit
indicator.
Brief then simulator
Gulfstream Demonstration. Demonstration is
G-1V/300/ Yes Yes  Yes Simulator  Yes Yes No No Yes no lower than 600ft minimum
400 decent altitude. Push force is
verified by the OEM test pilot.
Gulfstream
G-V

The demonstration is conducted
in one of two methods. One is
during a mid-altitude holding

Hawker 750 No Yes  Yes Simulator ~ Yes Yes No No Yes pattern, the other is on approach
fully configured. Both are done
as a demonstration and is not
graded 1-4.

The demonstration is conducted
in one of two methods. One is
during a mid-altitude holding

No Yes  Yes Simulator  Yes Yes No No Yes pattern, the other is on approach
fully configured. Both are done
as a demonstration and is not
graded 1-4.

Hawker
800XP
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Aircraft sl .Gr.ound SP SP Training  Initial Recurrent Differences I . SP Force Comments on how training is
Training/ - . L o e Malfunction e .
Type Briefing Demo Training Aids Used Training Training Training Training Verification accomplished

The demonstration is conducted
in one of two methods. One is
during a mid-altitude holding

No Yes  Yes Simulator  Yes Yes No No Yes pattern, the other is on approach
fully configured. Both are done
as a demonstration and is not
graded 1-4.

Hawker
850XP

The demonstration is conducted
in one of two methods. One is
during a mid-altitude holding

No Yes  Yes Simulator  Yes Yes No No Yes pattern, the other is on approach
fully configured. Both are done
as a demonstration and is not
graded 1-4.

Hawker
900XP

Pusher force was measured during
simulator flight data collection
and has been confirmed by
Hawker Beechcraft Flight Test

Yes Yes  Yes Simulator  Yes Yes No No Yes pilots. A stick pusher
demonstration is conducted by
having a pilot hold a landing
configuration stall to the pusher
and recovering.

Hawker
4000
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Aircraft sl .Gr.ound SP SP Training  Initial Recurrent Differences I . SP Force Comments on how training is
Training/ - . L o e Malfunction e .
Type Briefing Demo Training Aids Used Training Training Training Training Verification accomplished

Stick pusher is per the original
simulation certification for
accuracy and force. The stick
pusher feel is verified by the
program SME. The value given
in the AFM is approximately
Jetstar I Yes Yes  Yes Simulator  Yes Yes Yes No No 100 Ibs pull force exerted by the
stick pusher. The stick pusher
demonstration is from the Jetstar
AFM and is delivered per the
manufacturer’s recommendations
and procedures.
(AFM chapter 2-46).

Some verification of SP force.
Training is given in either the
clean or landing configuration.

Jetstream Exercise in the simulator stresses
31/32 No Yes  Yes Simulator  Yes Yes No Yes No .
: not to oppose the stick pusher,
Series
and to execute a stall recovery
once the pusher ceases. the event
is trained, but not graded.
SME verification of SP force.
The SP demo is demonstrated as a
separate maneuver as part of the
Leariet 20 stall series. SP & stick/shaker
Seri e{s Yes Yes  Yes Simulator  Yes Yes Yes Yes No inadvertent activation is given as

two separate emergency
malfunctions during the review of
all flight control malfunctions and
they are graded.

SPAW ARC Final Report G-8



Aircraft sl .Gr.ound SP SP Training  Initial Recurrent Differences I . SP Force Comments on how training is
Training/ - . L o e Malfunction e .
Type Briefing Demo Training Aids Used Training Training Training Training Verification accomplished

SME verification of SP force. SP
demo is demonstrated as a
separate maneuver as part of the

Learjet stall series. SP & stick/shaker
35/36 Yes Yes  Yes Simulator  Yes Yes Yes Yes No inadvertent activation is given as
Series two separate emergency

malfunctions during the review of
all flight control malfunctions and
they are graded.

SME verification of SP force. SP
demo is demonstrated as a
separate maneuver as part of the
stall series. SP & stick/shaker

Learjet55 Yes Yes  Yes Simulator  Yes Yes Yes Yes No inadvertent activation is given as
two separate emergency
malfunctions during the review of
all flight control malfunctions and
they are graded.

Stick Pusher forces subjectively
verified by three program SMEs
each have several thousand hours
of Metro time. SP malfunction is
trained in the simulator using the
manufacturer's checklist
procedure. SP exercise in the
simulator is trained to full stall
and to not oppose SP force. The
exercise is not graded.

Metro

23/C-26B Yes Yes Yes Simulator  Yes Yes Yes Yes Yes
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Aircraft sl .Gr.ound SP SP Training  Initial Recurrent Differences I . SP Force Comments on how training is
Training/ - . L o e Malfunction e .
Type Briefing Demo Training Aids Used Training Training Training Training Verification accomplished

OEM production test pilot
confirmed today (Jan 6, 2011) our
stick pusher tends to correct the
AOA too quickly. The aircraft

Premier Yes Yes  Yes Simulator  Yes Yes No Yes No does it slower and smoother.

A Also, the pusher releases too soon
after activation and will
sometimes enter a secondary
push. Need to reevaluate the stick
pusher data for the simulator.

SAAB 2000
Some verification of SP force.
Training is given in either the
clean or landing configuration.
SAAB 340 No Yes  Yes Simulator  Yes Yes No Yes No Exercise in the S|mglator stresses
A/B not to oppose the stick pusher,

and to execute a stall recovery
once the pusher ceases. The
event is trained, but not graded.
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APPENDIX H—PROPOSED SIMULATOR STANDARDS FOR

ICING, WINDSHEAR, UPSET, & STALL TRAINING

INTRODUCTION

This appendix provides recommendations regarding the updates to the FSTD technical standards
as defined in part 60 to support training recommendations made in the body of this report. These
standards were initially developed by the industry technical working group ICATEE. It was
comprised of a broad range of SMEs on simulator development and evaluation.

The SPAW ARC recommends that the FAA incorporate these changes to part 60, through due
process, and make these requirements applicable to all new FFS equipment based on an effective
date that is coordinated with the effective date of new training requirements as defined in the
body of this report. Furthermore, since the training requirements recommended in the body of
this report will likely be conducted in FSTDs previously qualified either under part 60 or an
earlier standard, the recommended simulator standards detailed in this appendix should be
published through an FSTD directive as defined in § 60.23. Note that the publication of an
FSTD directive addresses safety of flight issues and is applicable to each qualified FSTD,
regardless of its original qualification standard. It is the intent of the ARC that any retroactive
simulator requirements as defined in this appendix and published as an FSTD directive should be
addressed as additional qualification requirements (see 8 60.16) that are applicable only to those
simulators being used to conduct training tasks as defined in the body of this report.

SUMMARY OF RECOMMENDED CHANGES TO CURRENT FFS EVALUATION
STANDARDS

This appendix is in two sections. Each section provides a summary of significant new
requirements that are proposed in the attached tables together with supporting information.

e Attachment A defines recommended changes to current simulator standards tables to
support the required training tasks from the SPAW ARC recommendations.

e Attachment B provides supporting information and requirements that are intended to be
appended to existing regulatory guidance material.

ATTACHMENT A—PROPOSED REVISIONS TO CURRENT SIMULATOR
STANDARDS TABLES (14 CFR PART 60)

GENERAL REQUIREMENTS

Windshear Recognition and Recovery

The existing requirements for windshear recognition and recovery are amended to address the
following improvements as recommended by the SPAW ARC:

1. In addition to the four windshear profiles that are currently required, two additional
complex windshear models will be required to enable demonstration of the complexity of
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a real world microburst event. The Windshear Training Aid provides two examples of
such complex models that may be used to satisfy this requirement.

2. All required windshear profiles must be selectable from the 10S and must use a method
to ensure the simulator is properly configured to ensure the proper windshear recognition
cues are presented as tuned and qualified.

3. Realistic levels of turbulence associated with each required windshear profile must be
programed into the profile.

Table H-1. Proposed Revisions to 14 CFR Part 60 Table ALA-Minimum Simulator

Requirements, Entry No. 2.e.

. Simulator
<<< QPS Requirements >>> Levels
E’:;Lry General Simulator Requirements A B C D
2.e. If the aircraft being simulated is one of the aircraft listed in X X
(amend) § 121.358, Lowe-altitude windshear system equipment

requirements, the simulator must employ windshear models

that provide training for recognition of windshear
phenomena and the execution of recovery procedures.
Models must be available to the instructor/evaluator for the
following critical phases of flight:

(1) Prior to takeoff rotation.

) At liftoff.

(3) During initial climb.
(4) On final approach, below 500 ft AGL.

The QTG must reference the FAA Windshear Training Aid
or present alternate airplane related data, including the
implementation method(s) used. If the alternate method is
selected, wind models from the Royal Aerospace
Establishment, the Joint Airport Weather Studies Project
and other recognized sources may be implemented, but
must be supported and properly referenced in the QTG.
Only those simulators meeting these requirements may be
used to satisfy the training requirements of part 121
pertaining to a certificate holder’s approved low-altitude
windshear flight training program as described in

§121.409.

The addition of realistic levels of turbulence associated with
each required windshear profile must be available and

selectable to the instructor.

In addition to the four basic windshear models required for
qualification, at least two additional complex windshear
models must be available to the instructor that represent the
complexity of actual windshear encounters. These models
must be available in the takeoff and landing configurations
and must consist of independent variable winds in multiple
simultaneous components. The Windshear Training Aid
provides two such example “complex” windshear models

< Information >

Notes

If desired, Level A and B
simulators may qualify
for windshear training by
meeting these standards;
see Attachment 5 of this
appendix. Windshear
models may consist of
independent variable
winds in multiple
simultaneous components.
The FAA Windshear
Training Aid presents one
acceptable means of
compliance with
simulator wind model
requirements.
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<<< QPS Requirements >>> Simulator < Information >
Levels

Entry General Simulator Requirements A B C D Notes
that may be used to satisfy this requirement. Any proposed

alternate wind models used to meet this requirement must

be properly supported and referenced in the Master QTG.

Instructor Operating Station (10S): All required windshear
models must be selectable and clearly labeled on the 10S.
Additionally, all 10S selectable windshear models must
employ a method, such as a simulator preset, to ensure that
the FFS is properly configured for use in training. This
method must address variables such as windshear intensity,
aircraft configurations (weights, flap settings, etc.), and
ambient conditions to ensure that the proper windshear
recognition cues and training objectives are present as
originally qualified.

Engine and Airframe Icing

The SPAW ARC recommends improvements to simulation modeling regarding the aerodynamic
effects of icing conditions on the aircraft, in particular emphasizes that the aerodynamic effects
modeling should not be based on weight changes. Specific aircraft data should be used where
available, however empirical data should be used if flight test data is not available.

The SPAW ARC also recommends simulation of the effects of engine ice ingestion. In addition,
the ARC recommends that adequate simulation of failures to ice protection equipment be
included to allow for the training of failures in these systems and the ensuing impact to the
performance of the aircraft.
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Table H-2. Proposed Revisions to 14 CFR Part 60 Table ALA-Minimum Simulator

Entry No.

2.j.
(amend)

Requirements, Entry No. 2.j.

. Simulator
<<< QPS Requirements >>> Levels
General Simulator Requirements A B C
Modeling that includes the effects of icing, where X
appropriate, on the airframe, aerodynamics, and the

engine(s). lcing models should simulate the aerodynamic
degradation effects of ice accretion on the airplane lifting
surfaces including loss of lift, decrease in stall angle of
attack, change in pitching moment, decrease in control
effectiveness, and changes in control forces in addition to
any overall increase in drag. Engine icing models should
include the degradation effects and cues of ice accretion
including vibration changes, power changes, and ice
ingestion where appropriate.

Aircraft OEM data or other acceptable analytical methods
must be utilized to develop ice accretion models that are
representative of the simulated aircraft’s performance
degradation in a typical in-flight icing encounter or other
icing encounter as required for training flightcrews due to
accident/incident history for a particular aircraft type. Ice
accretion models should be developed using historical
accident/incident data where appropriate and available.

Statement of compliance (SOC) and tests required. See
objective testing requirements.

In addition, the SOC shall include the effects of icing
following failures of ice protection equipment as
applicable to the aircraft type. The ice protection system
for aircraft, aircraft engines, propellers, and airframe,
including instrumentation systems such as pitot static
sources should be considered.

Upset Recognition and Recovery

< Information >

Notes

A statement of
compliance should be
provided describing the
effects that provide
training in the specific
skills required for
recognition of icing
phenomena and execution
of recovery; the effects
resulting from a failure of
an installed protection
system should also be
addressed through the
SOC.

The SOC should include
verification that these
effects have been tested.

Icing effects simulation
models are only required
for those airplanes
authorized for operations
in icing conditions. lcing
simulation models should
be developed to provide
training in the specific
skills required for
recognition of ice
accumulation and
execution of the required
response.

1. New requirements are proposed for the qualification of upset prevention and recovery
maneuvers that are based upon the principles as described in the Airplane Upset
Recovery Training Aid.

2. These requirements address the following elements with respect to aircraft UPRT:

a. To verify that the FFS response can remain within the range of validated data or

wind tunnel/analytical data during the execution of a UPRT task.

To provide the instructor/evaluator with a minimum set of feedback tools to properly
evaluate the student’s performance during a UPRT task. This feedback tool should
provide the instructor/evaluator with information that can be used to critique and/or
debrief the student. It should provide the information necessary to determine whether
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Table

Entry No.

2.m.
(append)

or not a repeat or additional training is warranted, should the observed recovery take

the simulator outside of the validated envelope.

H-3. Proposed Revisions to 14 CFR Part 60 Table ALA-Minimum Simulator
Requirements, Entry No. 2.m.

<<< QPS Requirements >>>

General Simulator Requirements
Upset Recognition and Recovery.

Aerodynamics Evaluation: The simulator must be capable
of performing upset recognition and recovery tasks as
defined on the simulator’s statement of qualification
(SOQ). The simulator must be evaluated for each specific
upset prevention and recovery maneuver for the purpose of
determining that the combination of AOA and sideslip
does not exceed the range of validated data or

wind tunnel/analytical data during a typical recovery
maneuver as defined in the sponsor’s training program.
The following minimum set of upset prevention and
recovery maneuvers must be available to the
instructor/evaluator. Other upset prevention and recovery
scenarios as developed by the FFS sponsor must be
evaluated in the same manner.

1. A nose-high, wings level aircraft upset.
2. A nose-low, wings level aircraft upset.
3. A high bank angle aircraft upset.

Instructor Operating System (10S): Selectable airplane
upsets must provide guidance to the instructor concerning
the method utilized to drive the FFS into an upset
condition including any malfunction or degradation in the
FFS’ functionality required to initiate the upset. The
intentional degradation of simulator functionality to drive
an airplane upset is generally not acceptable unless used
purely as a tool for repositioning with the pilot out of the
loop. The simulator must also have a mechanism in place
to notify the instructor/evaluator when the simulator’s
validated envelope and aircraft operational limits have
been exceeded during an upset prevention and recovery
training task. A statement of compliance (SOC) is
required that defines the source data used to construct the
flight test and wind tunnel/analytical envelope. This SOC
must verify that each upset prevention and recovery
maneuver as defined on the FFS’ SOQ has been evaluated
using the methods described in this section.

Simulator
Levels

A B C D
X X X X

< Information >

Notes

This section applies to the
qualification of airplane
upset maneuvers that
exceed one or more of the
altitudes described in the
Airplane Upset Recovery
Training Aid, Revision 2.

The 10S display (or
equivalent method of
instructor feedback)
should contain features
that clearly indicate to the
instructor/evaluator when
the simulator has
exceeded its flight test
validated and wind
tunnel/analytical envelope
(typically displayed as an
alpha/beta crossplot).
Additional capabilities
should include
instructor/evaluator
feedback on aircraft
operational limitations
(V-n diagram) and control
displacements, control
forces, etc.
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OBJECTIVE TESTING REQUIREMENTS

Stick Pusher Force Calibration

1. Objective test requirement is added to validate the stick/column control transient forces because of stick-pusher

system activation.
The validation test may be performed as part of an existing stall characteristics test.

3. The test definition allows for the ground testing of this system for validation data to be collected through stimulation of the

stall protection system to produce a stick pusher response.

Table H-4. Proposed Revisions to 14 CFR Part 60 Table A2A-Full Flight Simulator (FFS) Objective Tests Entry No. 2.a.10

<<< QPS Requirements >>>

Test Flight _ Simulator Level
: Tolerance Conditi Test Details
Entry No. Title onditions A B C D
2.a.10 Stick Pusher | £10% or 5 Ib Ground or Flight = Test is intended to validate the stick/column X X ' X X
(append) | System (2.2 daN)) transient forces as a result of a stick pusher
Force Stick/Column system activation to prevent an
Calibration force aerodynamic stall.

This test may be conducted in an on-ground
condition through stimulation of the stall
protection system in a manner that
generates a stick pusher response that is
representative of an in-flight condition.

Stall Characteristics

Information
Notes

Aircraft manufacturer
design data may be
utilized as validation
data as determined
acceptable by the
NSPM.

Test requirements
may be met through
column force
validation testing in
conjunction with the
stall characteristics
test (2.c.8).

1. Additional flight conditions to the objective testing requirements for FFS qualification: These additional flight conditions
broaden the scope of objective testing beyond the current requirements, which are limited to idle power, wings-level, and 1-g

stall entry conditions.
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a
b.
c

d.

Cruise (high altitude) stall.
Cruise (low altitude™) stall.
Accelerated stall.

At least two other flap settings to be demonstrated, to include second segment climb and approach or landing.

2. Modified tolerances are proposed to tighten standards on relevant aerodynamic parameters in the “approach to stall” region
(to provide aircraft-specific recognition cues) while gradually relaxing the tolerances as the stall develops, to support an
engineering-based methodology for stall model development.

a.

Approach to stall (prior to the activation of the stall warning system or stall buffet onset):
I. %2.0° pitch angle

ii. £2.0°angle of attack

iii. £2° bank angle

iv. £2° sideslip angle

Stall warning to stall break:

i. £2.0° pitch angle

ii. £2.0° angle of attack

iii. Correct trend and magnitude for lateral/directional body rates

a. Stall break through recovery

I. The SOC describes the aerodynamic modeling methods, validation, and checkout of the stall characteristics of the FFS.
The minimum model features are defined and must be addressed in the aerodynamic model where applicable to the
simulated aircraft.

ii. The SOC verifies that the FFS has been evaluated by an SME pilot with knowledge of the stall characteristics of the
aircraft and provides an acceptable level of fidelity to accomplish the training tasks.

" These tests should be performed as close to the service ceiling as available data permit.
2 These tests should be performed under 10,000 ft altitude.
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3. Proposed new tolerances to better validate flight control inputs in an objective manner.

a. Correct trend and magnitude tolerances applied to all flight control inputs throughout the maneuver.

4. Additional SOC for aircraft equipped with Stick Pusher System.

a. The SOC verifies that the stick pusher system has been modeled, programmed, and validated using the aircraft
manufacturer’s design data or another acceptable data source. The SOC must address, at a minimum, stick pusher
activation and cancellation logic, as well as control displacement and forces that result from the stick pusher activation.

Table H-5. Proposed Revisions to 14 CFR Part 60 Table A2A-Full Flight Simulator (FFS) Objective Tests Entry No. 2.c.8

Entry No.

2.c.8
(amend)

Test
Title

Stall
Characteristics

Tolerance

+3 kt airspeed
for initial
buffet, stall
warning, and
stall speeds.

Control inputs
must be plotted
and
demonstrate
correct trend
and magnitude.

Approach to
Stall:

+2.0° pitch
angle

+2.0° angle of
attack

+2.0° bank
angle

+2.0° sideslip
angle

Segment Climb,
Cruise (High
Altitude) and
Cruise (Low

Approach or

<<< QPS Requirements >>>

Test Details

The following stall entry methods must be
demonstrated in at least one of the three
required flight conditions:

o Stall entry at wings level (1 g)

e Stall entry in turning flight of at least
15° to 30° bank angle (accelerated
stall)

The required cruise condition must be
conducted in a flaps-up (clean)
configuration. The second segment climb
and approach/landing conditions must be
conducted at different flap settings.

Record the stall warning signal and initial
buffet, if applicable. Time history data
must be recorded for the full stall and
recovery through normal flight. The stall
warning signal must occur in the proper
relation to buffet/stall. FFSes of airplanes
exhibiting a sudden pitch attitude change or
“g break” must demonstrate this
characteristic. FFSes of airplanes
exhibiting a roll off and/or loss of roll

Simulator Level

A B C D
X X X X

Information
Notes

Due to the inherently
unstable and
non-repeatable
behavior of the stall
maneuver,
parameters from the
stall break and
recovery will only be
subject to correct
trend and magnitude
tolerances for the
purpose of continuing
qualification
evaluations.

Alternate methods,
such as wind tunnel
methods, engineering
simulations, or other
generally accepted
analytical methods
may be utilized to
develop enhanced
representative stall
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Test
Entry No. Title

Tolerance

Stall warning
up to stall:

+2.0° pitch
angle

+2.0° angle of
attack

Correct trend
and magnitude
for
lateral/direction
al body rates.

Stall Break and
Recovery:

SOC Required
(see Attachment
B)

<<< QPS Requirements >>>

Flight
Conditions

Test Details

control authority must demonstrate this
characteristic.

“Approach to Stall” tolerances apply up to
the activation of the stall warning system or
aerodynamic stall buffet, whichever occurs
first. “Stall warning up to stall” tolerances
apply from the activation of the stall
warning system or aerodynamic stall buffet,
whichever occurs first, to just prior to the
stall break. “Stall Break and Recovery”
applies from just prior to the stall break
(pitch break, g-break, stick pusher
activation, or other indication of a
full/aerodynamic stall) through recovery to
normal flight.

For stick pusher equipped aircraft, a
Statement of Compliance (SOC) is required
verifying that the stick pusher system has
been modeled, programmed, and validated
using the aircraft manufacturer’s design
data or other acceptable data source. The
SOC must address, at a minimum, stick
pusher activation and cancellation logic as
well as system dynamics, control
displacement and forces as a result of the
stick pusher activation.

An SOC is required that describes the
aerodynamic modeling methods, validation,
and checkout of the stall characteristics of
the FFS. The SOC must also include
verification that the FFS has been evaluated
by an SME pilot with acceptable supporting
documentation of the stall characteristics of
the aircraft being simulated. See attachment

Simulator Level

A B C D

Information

Notes

models.

For the purpose of
these tests, high
altitude is an altitude
close to the
operational ceiling of
the aircraft.. Low
altitude is below
10,000 ft.

Non-flight test
tolerances as defined
in Attachment 2,
Paragraph 11(a) are
not applicable at
airspeeds below the
activation of the stall
warning system.

Tests may be
conducted at a center
of gravity typically
required for airplane
certification stall
testing.

When it is
demonstrated that
engineering or

flight test data is not
available, the use of
AFM data
accompanied with
SME evaluation may
be permissible as
agreed upon by the
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<<< QPS Requirements >>> Information

Test Flight i Simulator Level
i Tolerance Conditi Test Details Notes
Entry No. Title onditions A B C D

B for detailed requirements. NSPM. The SME

. must have relevant

Computer Controlled Aircraft (CCA): ust have reteva

! experience to
Test in normal and non-normal control erform such
states. For CCA aircraft with stall envelope P

. A assessments.

protection systems, tests are required in the
non-normal control state only if acceptable
AOA envelope protection tests are provided
(see Table A2A, section 2.h.).

Engine and Airframe Icing Effects—Aerodynamic Stall Demonstration
1. The intent of the test is to objectively demonstrate the expected icing effects as described in the SOC required in the general
requirements in Table A1A, Section 2.j.

2. Flight test validation data are not required. The test enables a comparison between a baseline test (with uncontaminated lifting
surfaces) as compared to a similar test with ice contamination.

3. lIcing effects should include, but are not limited to, the following effects as applicable to the simulated airplane type:
e Decrease in stall angle of attack;
e Increase in stall warning (e.g. stick shaker) speed,;
e Changes in pitching moment;
e Increase in drag; and

e Change in stall buffet characteristics and onset.
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Table H-6. Proposed Revisions to 14 CFR Part 60 Table A2A-Full Flight Simulator (FFS) Objective Tests Entry No. 2.i

Entry No.

2.i.
(append)

Test
Title

Engine and
Airframe

Icing Effects
Demonstration
(Aerodynamic
Stall)

Tolerance

<<< QPS Requirements >>>

Flight
Conditions

Takeoff,
Approach, or
Landing

Test Details

Time history of a full stall and initiation of
the recovery. Tests are intended to
demonstrate representative aerodynamic
effects caused by in-flight ice accretion.
Flight test validation data is not required.

Two tests are required to demonstrate
engine and airframe icing effects. One test
will demonstrate the FFS’ baseline
performance and the other test will
demonstrate the aerodynamic effects of

ice accretion relative to the baseline test.

The tests must utilize the icing model(s) as
described in the required SOC in Table
AlA, Section 2.j. Tests must include a
rationale that describes the icing effects
being demonstrated. Icing effects must
include, but are not limited to, the following
effects as applicable to the particular
airplane:

e Decrease in stall AOA

e Increase in stall warning (e.g. stick
shaker) speed

e Changes in pitching moment
e Increase in drag

e Change in stall buffet characteristics
and onset.

Simulator Level

A B C D

X X

Information

Notes

Tests will be
evaluated for
representative effects
on relevant
aerodynamic
parameters such as
AOA, control inputs,
and thrust/power
settings.

Plotted parameters
must include:

Altitude
Airspeed

Normal
acceleration

Engine power
Angle of attack
Pitch attitude
Bank angle

Flight control
inputs

Stall warning
and stall buffet
onset
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FUNCTIONS AND SUBJECTIVE TESTING REQUIREMENTS

High AOA Maneuvers

The current functions and subjective testing requirement have been modified to specifically
require evaluation of the stall warning and stick pusher activation (if applicable) in conjunction
with aircraft automation such as autopilot and auto-throttle.

UPSET RECOGNITION AND RECOVERY

Additional functions and a subjective testing requirement were added to require evaluation of the
required upset prevention and recovery tasks as described above in the General Requirements
section.

Table H-7. Proposed Revisions to 14 CFR Part 60 Table A3A-Functions and Subjective
Tests Entry Nos. 6.a and 6.i

<<< QPS Requirements >>>

Simulator Level
A B C D
Tasks in this table are subject to evaluation if appropriate for the airplane simulated as indicated in the SOQ
configuration list or the level of simulator qualification involved. Items not installed or not functional on the

simulator and therefore, not appearing on the SOQ configuration list are not required to be listed as exceptions on
the SOQ.

6. Maneuvers

Entry No. Operations Tasks

6.a. High AOA, approaches to stalls, stall warning, buffet, g-break/pitch break, = X X X X
(amend) and stick pusher response (take-off, cruise, approach, and landing

configuration). Airplane automation (such as autopilot and autothrottle)

responses to stall warning, stall, and stick pusher.

6.1. Upset recognition and recovery maneuvers within the FFS’ validated X X X X
(append) envelope as defined on the SOQ.

ATTACHMENT B—SUPPLEMENTAL INFORMATION TO OBJECTIVE
TESTING TABLES:

STALL MANEUVER EVALUATION

1. Fidelity Requirements: The objective testing requirements as defined for the stall
maneuver are intended to validate:

a. Aircraft type specific recognition cues of the first indication of the stall (stall warning
system and/or aerodynamic stall buffet);

b. Aircraft type specific recognition cues of an impending aerodynamic stall;

c. Recognition cues and handling qualities from the stall break through recovery are
sufficiently representative of the airplane being simulated to allow successful
completion of the prescribed stall entry and recovery training tasks.

SPAW ARC Final Report H-12



For the purposes of stall maneuver evaluation, the term “representative” is defined as a
level of fidelity that is type specific to the simulated aircraft to the extent that the training
objectives can be satisfactorily accomplished.

2. Statements of Compliance: Traditionally, flight-test-collected data have been the
preferred data source for FFS objective evaluation required for qualification. Itis
recognized, however, that strict time-history-based evaluations against flight-test data
may not adequately validate the aerodynamic model in an unstable flight regime, such as
a stalled flight, particularly in cases where significant deviations are seen in the aircraft’s
stability and control. As a result, the SOC-based approach for evaluating the
aerodynamic model at AOAs approaching the stall was implemented to allow the
aerodynamic modeler and data provider to develop enhanced representative stall models
that are based upon generally accepted engineering and scientific principles. Some
examples are—

e Stall models developed using aircraft OEM engineering simulation.

e Wind tunnel or well established analytical methods to extend stall modeling
sufficiently to achieve a representative full stall and recovery.

As described in the objective testing section, stall qualification requires statements of
compliance detailing the following information:

a. Aerodynamic Modeling: The SOC must identify the sources of data used to develop
the aerodynamic model. Of particular interest is a mapping of test points in the form
of an alpha/beta envelope plot for a minimum of flaps up and flaps down. The
envelopes are defined in the Upset Prevention and Recovery Maneuver Evaluation
section of this attachment, and examples can be found in appendix 3-D of the
Airplane Upset Recovery Training Aid, Revision 2. For the flight-test data, a list of
the types of maneuvers used to define the aerodynamic model for AOA ranges greater
than the first indication of stall are to be provided according to flap setting.

At a minimum, the following stall model features must be incorporated into the
aerodynamic model as appropriate, and addressed in the SOC where applicable by
aircraft type:

i. Degradation in static/dynamic lateral-directional stability,
ii. Degradation in control response (pitch, roll, yaw),

iii. Roll-off requiring significant control deflection to counter,
iv. Changes in pitch stability,

v. Mach effects, or

vi. Stall buffet.

An overview of the methodology used to address these features must be provided.

b. Subjective Assessment: The FFS must be evaluated by an SME pilot with
knowledge of the general stall characteristics of the simulated aircraft and the cues
necessary to adequately accomplish the required training objectives. This evaluation
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must use available supporting documentation and/or guidance material that describes
the aircraft’s general behavior in stalled flight and recovery. Documentation may
include aircraft certification data/procedures, aircraft OEM documentation,

AFM documentation, and other acceptable source documentation. Particular
emphasis should be placed upon recognition cues of an impending aerodynamic stall,
such as the stall buffet or lateral/directional instability; stall break (e.g. g-break,

pitch break, roll off departure); response of aircraft automation (e.g. autopilot and
auto-throttles); and the necessary control input required to execute an

immediate recovery.

c. Stick Pusher System Modeling: For aircraft equipped with a stick pusher system,
the required statement of compliance must verify that the stick pusher system/stall
protection system has been modeled, programmed, and validated using the aircraft
manufacturer’s design data or other acceptable data source. At a minimum, the
following characteristics must be addressed in the SOC:

I.  Stick pusher activation logic;
ii. Stick pusher system dynamics, control displacement, and forces; and
iii. Stick pusher cancellation logic.

UPSET PREVENTION AND RECOVERY MANEUVER EVALUATION

1. Basic Requirements: The basic elements for the qualification of upset prevention and
recovery training maneuvers are—

a. To verify that the FFS can be expected to remain within its designed validation
envelope during the execution of available upset prevention and recovery training
tasks.

b. To provide the instructor/evaluator with a minimum set of feedback tools to properly
evaluate the student’s performance in accomplishing an upset prevention and
recovery training task.

2. Flight Envelopes—

For the purposes of this document, the term “flight envelope” refers to the entire domain
in which the FFS is capable of being flown. This envelope can be further divided into
three subdivisions, for example (see appendix 3—D of the Airplane Upset Recovery
Training Aid)—

e Flight Test Validated: This is the region of the flight envelope that has been
validated with flight-test data, typically by comparing the performance of the FFS
against the flight-test data through tests incorporated in the QTG and other flight-test
data used to further extend the model beyond the minimum requirements. Within this
region, there is high confidence that the simulator responds similarly to the aircraft.
Note that this region is not strictly limited to what has been tested in the QTG; as long
as the aerodynamic math model has been conformed to the flight test results, that
portion of the math model can be considered to be within the Flight Test
Validated region.
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e Wind Tunnel and/or Analytical: This is the region of the flight envelope for which
the FFS has not been compared to flight test data, but for which there has been wind
tunnel testing and/or the use of other reliable predictive methods (typically by the
aircraft manufacturer) to define the aerodynamic model. Within this region, there is
moderate confidence that the simulator will respond similarly to the aircraft.

e Extrapolated: This is the region extrapolated beyond the flight test validated and
wind tunnel/analytical regions. The extrapolation may be a linear extrapolation, a
holding of the last value before the extrapolation began, or some other set of values.
When extrapolation extends into the non-linear range of the airplane aerodynamics
there is less confidence that simulator will respond similarly to the aircraft

3. Instructor Feedback Mechanism: For the instructor/evaluator to provide feedback to
the student during UPRT maneuver training, additional information must be accessible
that indicates the relative fidelity of the simulation, magnitude of student control inputs,
and aircraft operational limits that could potentially affect the successful completion of
the maneuver(s). At a minimum, the following must be available to the
instructor/evaluator:

a. Simulator Validation Envelope: The FFS must employ a method to record the FFS’
expected level of fidelity with respect to the designed validation envelope. This must
be displayed as an “alpha/beta” crossplot on the IOS or other alternate method to
clearly convey the simulator’s fidelity level used during the maneuver. This
information should be available to the instructor during the simulator session and
after the simulator session for use during debriefing.

b. Flight Control Inputs: The FFS must employ a method for the instructor/evaluator
to assess the student’s flight control input used to execute the upset prevention and
recovery maneuver. Parameters that may not be easily assessed visually from the
instructor station, such as rudder pedal displacement and control forces, should be
included in this feedback mechanism.

c. Aircraft Operational Limits: The FFS must employ a method to provide the
instructor/evaluator with information concerning the aircraft limitations (such as
normal load factor and airspeed limits found on a V-n diagram) that may affect the
successful completion of the maneuver.

This information should be available to the instructor during the simulator session and
after the simulator session for use during debriefing. An example FFS alpha/beta
envelope plot and 10S feedback mechanism are in Figure 1 and Figure 2.

Note: These diagrams represent an example of a typical 10S display, however the
operator should use their judgment to ensure all pertinent controls and flight parameters
are available so as to ensure the instructor can properly brief the upset recognition and
recovery trainings tasks.
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Figure 1. Example FFS Alpha/Beta Envelope Plot.
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APPENDIX |—TRAINING OBJECTIVES FROM

FAA AC 120-50A (CURRENT GUIDANCE

GROUND TRAINING

1. General Training Objectives—

a. Reduce windshear related accidents and incidents through
flightcrew member education.

b. Stress the importance of windshear avoidance to flightcrews.
2. Specific Training Objectives. Provide pilots with the knowledge needed to—

a. ldentify the actual or potential presence of windshear from a variety of information
sources and cues.

b. Adhere to a policy of avoiding encounters with windshear whenever possible.

c. Adhere to a policy that when executing a missed approach or go-around in weather
conditions conducive to windshear, the missed approach or go-around is conducted in
an aggressive manner and the flightcrew is ready to accomplish windshear escape
procedures should an ensuing windshear be encountered.

d. Use operating procedures and techniques designed to enhance the possibility of
surviving an inadvertent encounter with windshear during takeoff, approach,
or landing.

e. Identify unique stall characteristics and windshear recovery techniques that are
specific to the aircraft type. Special attention should be given to topics such as
low airspeed lateral control characteristics, loss of climb capability, unique windshear
characteristics, and windshear flight guidance system limitations.

SIMULATOR TRAINING

1. Flight Simulator Training Objectives. The training objectives of the simulator-training
program will be to provide pilots with the necessary experience and skills to—

a. Recognize onset of a severe windshear encounter using available
flight instrumentation.

b. Coordinate cockpit activities to improve the pilot's ability to recognize and take the
appropriate actions to recover from an inadvertent windshear encounter.

c. Make proper use of pitch, power, and airplane configuration to recover from an
inadvertent windshear encounter.
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DEPARTMENT OF TRANSPORTATION

Federal Aviation Administration
14 CFR Part 60

[Docket No.: FAA-2014-0391; Amdt. No.
60-4]

RIN 2120-AK08

Flight Simulation Training Device
Qualification Standards for Extended
Envelope and Adverse Weather Event
Training Tasks

AGENCY: Federal Aviation
Administration (FAA), DOT.

ACTION: Final rule.

SUMMARY: The FAA has determined this
rule is necessary to amend the
Qualification Performance Standards for
flight simulation training devices
(FSTDs) for the primary purpose of
improving existing technical standards
and introducing new technical
standards for full stall and stick pusher
maneuvers, upset recognition and
recovery maneuvers, maneuvers
conducted in airborne icing conditions,
takeoff and landing maneuvers in
gusting crosswinds, and bounced
landing recovery maneuvers. These new
and improved technical standards are
intended to fully define FSTD fidelity
requirements for conducting new flight
training tasks introduced through recent
changes to the air carrier training
requirements, as well as to address
various National Transportation Safety
Board (NTSB) and Aviation Rulemaking
Committee recommendations. This final
rule also updates the FSTD technical
standards to better align with the
current international FSTD evaluation
guidance and introduces a new FSTD
level that expands the number of
qualified flight training tasks in a fixed-
base flight training device. These
changes will ensure that the training
and testing environment is accurate and
realistic, will codify existing practice,
and will provide greater harmonization
with international guidance for
simulation. The amendments will not
apply to previously qualified FSTDs
with the exception of the FSTD
Directive, which codifies the new FSTD
technical standards for specific training
tasks.

DATES: Effective May 31, 2016. The
compliance date of FSTD Directive No.
2 is March 12, 2019. After this date, any
FSTD being used to conduct specific
training tasks as defined in FSTD
Directive No. 2 must be evaluated and
qualified in accordance with the
Directive.

ADDRESSES: For information on where to
obtain copies of rulemaking documents
and other information related to this
final rule, see “How To Obtain
Additional Information” in the
SUPPLEMENTARY INFORMATION section of
this document.

FOR FURTHER INFORMATION CONTACT: For
technical questions concerning this
action, contact Larry McDonald, Air
Transportation Division/National
Simulator Program Branch, AFS-205,
Federal Aviation Administration, P.O.
Box 20636, Atlanta, GA 30320;
telephone (404) 474-5620; email
larry.e.mcdonald@faa.gov.

SUPPLEMENTARY INFORMATION:

Authority for This Rulemaking

The Federal Aviation
Administration’s (FAA’s) authority to
issue rules on aviation safety is found in
Title 49 of the United States Code.
Subtitle I, Section 106(f) 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 49
U.S.C. 44701(a)(5), which requires the
Administrator to promulgate regulations
and minimum standards for other
practices, methods, and procedures
necessary for safety in air commerce and
national security. This amendment to
the regulation is within the scope of that
authority because it prescribes an
accepted method for testing and
evaluating flight simulation training
devices used to train and evaluate
flightcrew members.

In addition, the Airline Safety and
Federal Aviation Administration
Extension Act of 2010 (Pub. L. 111-216)
specifically required the FAA to
conduct rulemaking to ensure that all
flightcrew members receive flight
training in recognizing and avoiding
stalls, recovering from stalls, and
recognizing and avoiding upset of an
aircraft, as well as the proper techniques
to recover from upset. This rulemaking
is within the scope of the authority in
Public Law 111-216 and is necessary to
fully implement the training
requirements recently adopted in the
Qualification, Service, and Use of
Crewmembers and Aircraft Dispatchers
final rule (Crewmember and Aircraft
Dispatcher Training final rule), RIN
2120-AJ00. See 78 FR 67800 (Nov. 12,
2013).

List of Abbreviations and Acronyms
Frequently Used in This Document

AC Adpvisory Circular
AOA Angle of Attack

ARC Aviation Rulemaking Committee

AURTA Airplane Upset Recovery Training
Aid

FFS Full Flight Simulator

FTD Flight Training Device

FSTD Flight Simulation Training Device

ICATEE International Committee on
Aviation Training in Extended Envelopes

LOCART Loss of Control Avoidance and
Recovery Training Working Group

NPRM Notice of Proposed Rulemaking

QPS Qualification Performance Standards

SOC Statement of Compliance

SNPRM  Supplemental Notice of Proposed
Rulemaking

SPAW ARC Stick Pusher and Adverse
Weather Event Training Aviation
Rulemaking Committee

UPRT Upset Prevention and Recovery
Training

Table of Contents

I. Overview of Final Rule
II. Background
A. Statement of the Problem
B. NTSB Recommendations
C. Airline Safety and Federal Aviation
Administration Extension Act of 2010
(Publ. L. 111-216) and the Crewmember
and Aircraft Dispatcher Training Final
Rule
D. Summary of the NPRM
E. Differences Between the NPRM and the
Final Rule
F. Related Actions
I1I. Discussion of Public Comments and Final
Rule
A. Evaluation Requirements for Full Stall
Training
. Aerodynamic Modeling Range
Aerodynamic Modeling Beyond the Stall
AOA
Definition of the Stall AOA
Envelope Protected Aircraft
Model Validity Ranges and Associated
Objective Testing
b. Validation of Stall Characteristics Using
Flight Test Data
c. Required AOA Range for Normal Mode
Objective Testing
3. Data Sources for Model Development
and Validation
a. Define Best Available Data
b. Post-Stall “Type Representative”
Modeling
c. Use of Flight Test Data and Availability
4. Qualification on FSTD Levels Other
Than Level C or Level D
5. Motion Cueing System Limitations
Subject Matter Expert (SME) Pilot
Evaluation and Qualifications
SME Qualifications and Experience
Model Validation Conducted by the Data
Provider
c. NSPM Process for Evaluating and
Accepting an SME Pilot
. Alignment With the ICAO 9625, Edition
4, on Stall and Stick Pusher
Requirements
. Requirements for Previously Qualified
FSTDs
a. Stall Buffet Objective Testing
b. FSTD Directive No. 2 and Grandfather
Rights
. Applicability of Stall and Upset
Prevention and Recovery Training

o=

oo

@

oe

N

co

©


mailto:larry.e.mcdonald@faa.gov

Federal Register/Vol. 81, No. 61/Wednesday, March 30, 2016/Rules and Regulations 18179

(UPRT) Requirements on Newly
Qualified FSTDs

10. General Comments on Stall

a.

b.

wND PR, AT g O

S

W N

[

B woe

b

Requirements

Testing and Checking of Stall Maneuvers
Interim FSTD Qualification for Stall
Training

¢. Aerodynamic Modeling Considerations
B.
1. UPRT Qualification on Lower Level

Evaluation Requirements for UPRT

FSTDs.

. Record and Playback Requirements for

UPRT

. Instructor Operating Station (I0S)

Requirements

. Aerodynamic Source Data and Range of

the FSTD Validation Envelope

. FSTD Validation Envelope and Training

Maneuvers

. Expansion of the FSTD Validation

Envelope Using Existing Flight Test Data
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Airframe Icing Training

. Objective Demonstration Testing
. Objective Demonstration Testing for
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. Icing Effects and Recognition Cues
. Requirements for Lower Level FTDs
. Existing Engine and Airframe Icing

Requirements in Part 60

. Applicability in Training Programs
. Data Sources and Tuning of Ice

Accretion Models

. Evaluation Requirements for Takeoff

and Landing in Gusting Crosswinds

. Applicability on Lower Level FSTDs

. Gusting Crosswind Profile Data Sources
. Maximum Demonstrated Crosswind

. Requirements for Previously Qualified

FSTDs
Evaluation Requirements for Bounced
Landing Recovery Training

. Applicability to Lower Level FSTDs
. Bounced Landing Modeling and

Evaluation

. Nosewheel Exceedances

Use of Existing Ground Reaction Models

. Alignment With Training Requirements
. Requirements for Previously Qualified

FSTDs

. Alignment With the ICAO 9625 FSTD

Evaluation Document

. Partial Alignment With the ICAO 9625

Document

. New Requirements Introduced by the

Proposed ICAO Alignment

. Visual System Field of View
. Visual System Lightpoint Brightness

Testing

c. Transport Delay Testing
d. Motion Cueing Fidelity Test
e. Sound Directionality Requirement
3. Alignment With the Recently Published
ICAO 9625, Edition 4 Document
4. Integration of ICAO Requirements With
the Part 60 Table Structure
5. Deviation From the Part 60 QPS Using
the ICAO 9625 Document
6. Level 7 FTD Requirements and Usage in
Training
G. General Comments
1. Gompliance Period for Previously
Qualified FSTDs
2. Alternative Source Data for Level 5 FTDs
3. Objective Testing for Continuing
Qualification
4. Windshear Qualification Requirements
5. Miscellaneous Comments
a. Approved Location for Objective and
Subjective Testing
b. Increase the Training Credit for Time in
a Simulator
H. Economic Evaluation
1. Gost of Aerodynamic Modeling and
Implementation
2. Gost of Instructor Operation Station
(IOS) Replacement
3. Affected FSTDs and Sponsors
4. Cost and Benefits of ICAO Alignment
IV. Regulatory Notices and Analyses
A. Regulatory Evaluation
B. Regulatory Flexibility Determination
C. International Trade Impact Assessment
D. Unfunded Mandates Assessment
E. Paperwork Reduction Act
F. International Compatibility and
Cooperation
G. Environmental Analysis
H. Regulations Affecting Intrastate
Aviation in Alaska
V. Executive Order Determinations
A. Executive Order 13123, Federalism
B. Executive Order 13211, Regulations that
Significantly Affect Energy Supply,
Distribution, or Use
VI. How To Obtain Additional Information
A. Rulemaking Documents
B. Comments Submitted to the Docket
C. Small Business Regulatory Enforcement
Fairness Act

I. Overview of Final Rule

This rulemaking defines simulator
fidelity requirements for new training
tasks to be conducted in Level A
through D full flight simulators (FFS)
that were mandated for air carrier
training programs by Public Law 111—
216 and incorporated into 14 CFR part

121. It also addresses the potential lack
of simulator fidelity as identified in
several NTSB safety recommendations.
This final rule establishes new and
updated FSTD technical evaluation
standards for full stall and stick pusher
maneuvers, upset prevention and
recovery maneuvers, flight in airborne
icing conditions, takeoff and landing
maneuvers in gusting crosswinds, and
bounced landing recovery maneuvers.
This final rule also partially aligns the
technical standards for Level C and D
(fixed wing) FSTDs that are defined in
14 CFR part 60 with the current
international FSTD evaluation
guidelines published in the
International Civil Aviation
Organization (ICAO) document 9625,
Edition 4, Manual of Criteria for the
Qualification of Flight Simulation
Training Devices.

This final rule will affect sponsors of
previously qualified FSTDs if the
devices will be used to conduct the
specific training tasks defined in FSTD
Directive No. 2. The FSTD sponsor has
the discretion to determine if a device
needs to be qualified based on whether
it will be used for training the defined
tasks in FSTD Directive No. 2.
Additionally, because many of the
technical FSTD evaluation standards in
the final rule will become minimum
requirements for some newly qualified
FSTDs, this final rule will also affect
sponsors of Level 7, Level C, and Level
D FSTDs that are initially qualified after
the effective date of the final rule. In
addition to FSTD sponsors, this final
rule will also affect data providers,
FSTD manufacturers, and other entities
that provide products and support to
FSTD sponsors in the qualification of
FSTDs for training. This final rule does
not affect aviation training devices that
are evaluated and approved for use
outside of 14 CFR part 60.

A general summary of the
applicability, compliance dates, and
processes used to qualify FSTDs as
defined in this rule are included in the
following table:

Issue

Rule requirements

How does a sponsor determine if a previously qualified FSTD must be
evaluated and qualified for stall, UPRT, engine and airframe icing,
bounced landing recovery, and gusting crosswind training tasks as

defined in FSTD Directive No. 2?

A previously qualified FSTD that will be used to obtain training, testing,
or checking credit in an FAA approved flight training program, re-
gardless of operational rule part, must be evaluated and qualified for
the following maneuvers:

Full Stall: Training maneuvers in the recognition cues and recovery
procedures from a fully stalled flight condition (including recovery
from a stick pusher activation) at angles of attack beyond the activa-
tion of the stall warning system.
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Issue

Rule requirements

How does a sponsor obtain qualification for stall, UPRT, icing, bounced
landing recovery, or takeoff and landing in gusting crosswinds on a
previously qualified FSTD?

How do you determine what portions of the updated qualification per-
formance standards (QPS) appendices are applicable to previously
qualified FSTDs?

What are the compliance dates associated with this final rule for pre-
viously qualified FSTDs?

How do you determine what changes in this final rule are applicable to
new FSTDs that will be initially qualified after the final rule becomes
effective?

What is the compliance date associated with this final rule for new
FSTDs that will be initially qualified after the rule becomes effective?

What is the process to qualify an FSTD using another standard in lieu
of the part 60 QPS as permitted by the deviation authority in
§60.15?

UPRT: Upset recovery maneuvers and unusual attitude maneuvers
that are intended to exceed the parameters of an aircraft upset as
defined in the Airplane Upset Recovery Training Aid (pitch attitudes
greater than 25 degrees nose up; pitch attitudes greater than 10 de-
grees nose down, and bank angles greater than 45 degrees).

Engine and Airframe Icing: Flight training maneuvers that demonstrate
the recognition cues and effects of engine and airframe ice accre-
tion.

Takeoff and Landing in Gusting Crosswinds.

Bounced Landing Recovery Training.

FSTD Directive No. 2 contains all of the evaluation requirements for
the qualification of these individual tasks on previously qualified
FSTDs. FSTD sponsors will conduct the evaluations and modifica-
tions as described in the Directive and submit any required State-
ments of Compliance and objective testing results to the National
Simulator Program (NSP) using the standard FSTD modification/noti-
fication process. The NSP will issue additional FSTD qualification for
these tasks once compliance with the applicable sections of the Di-
rective are verified and any necessary FSTD evaluations have been
conducted.

As described in §60.17(a), unless specified by an FSTD Directive, pre-
viously qualified (grandfathered) FSTDs will retain their original quali-
fication basis under which they were originally evaluated, regardless
of sponsor. All retroactive evaluation requirements for previously
qualified FSTDs in this final rule are fully described in FSTD Direc-
tive No. 2.

After March 12, 2019, any FSTD being used to conduct the specific
training maneuvers (as described in FSTD Directive No. 2) in an
FAA approved training program must be issued additional FSTD
qualification in accordance with the Directive.

With the exception of the full stall evaluation requirements, all FSTDs
that are initially qualified or upgraded in qualification level after the
effective date of the final rule must meet all new standards in this
final rule as applicable for the particular FSTD qualification level re-
quested.

The qualification of full stall training tasks will be optional as requested
by the sponsor to support FAA approved training being conducted in
the FSTD. The qualification of full stall training tasks will be included
as part of the list of qualified tasks on the FSTD’s Statement of
Qualification (SOQ).

In general, all changes to the part 60 QPS will be effective for all
FSTDs that are initially qualified after the effective date of the final
rule except as permitted by §60.15(c).

Requests for deviation from the part 60 QPS are made to the National
Simulator Program Manager (NSPM) and must include justification
that demonstrates an equivalent level of safety as compared to the
FSTD evaluation requirements of the part 60 QPS. Approved devi-
ations and the supporting evaluation standards will become a part of
the permanent qualification basis of the FSTD.

The FAA estimates that it will cost
$72.7 million to make the necessary
modifications to previously qualified
FSTDs which will enable training
required by the new Crewmember and
Aircraft Dispatcher Training final rule.
The training cost for the Crewmember
and Aircraft Dispatcher Training final
rule provides rental revenue to

simulator sponsors which will fully
compensate them for their FSTD
modification expenses. These simulator
revenues were accounted for as costs of
the additional training and were fully
justified by the benefits in that final
rule. The FAA estimates it will cost $1.3
million for the evaluation and
modification of engine and airframe

icing models which will enhance
existing training requirements. If these
modifications prevent only one severe
injury the benefits will exceed the costs.
The estimated cost of $6.9 million to
align standards with ICAO will result in
improved safety and cost savings.

The costs and benefits of this rule are
presented in the table below.

Present value
at a 3% rate

Present value
at a 7% rate

FSTD Modifications for New Training Requirements:
Cost

Benefits

Icing provisions:
Cost

$72,716,590 $63,610,049 $68,562,049

Rational simulator owner will choose to comply.

$1,256,250 $1,098,926 $1,184,476
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Present value
at a 3% rate

Present value
at a 7% rate

BenefitS ..oocveeieie e

Aligning Standards with ICAO:
Cost

Benefits ...ccovveeeee e

Total Cost

Only one prevented severe injury valued at $2.5
million makes the icing benefits exceed the costs.

$6,875,000 $5,356,979 $6,132,690

Improved safety and cost savings.

$80,847,840 $70,065,954 $75,879,215

II. Background

A. Statement of the Problem

In order to mitigate aircraft loss of
control accidents and to comply with
the requirements of Public Law 111-
216, the FAA has issued new and
revised flight training requirements in
the Crewmember and Aircraft
Dispatcher Training final rule for flight
maneuvers such as full stall and upset
recovery training. In support of this
effort, the FAA participated in a number
of collaborative industry and
government working groups that
examined loss of control training
requirements and the flight simulation
training device (FSTD) fidelity needed
to support such training. These working
groups included the International
Committee on Aviation Training in
Extended Envelopes (ICATEE), the
Industry Stall and Stick Pusher Working
Group, the Stick Pusher and Adverse
Weather Event Training Aviation
Rulemaking Committee (SPAW ARC),
and the Loss of Control Avoidance and
Recovery Training (LOCART) Working
Group.

Through participation in these
working groups and in consideration of
the formal recommendations received
from the SPAW ARC, the FAA
determined that many existing FSTDs
that could be used by air carriers to
conduct such training may not
adequately represent the simulated
aircraft for the required training tasks.
Additionally, the FAA evaluated several
recent air carrier accidents and
associated NTSB accident reports and
determined that low FSTD fidelity or
the lack of ability for an FSTD to
adequately conduct certain training
tasks may have been a contributing
factor in these accidents.® A potential
lack of simulator fidelity could
contribute to inaccurate or incomplete
training on new training tasks that are

1Some of these accidents include the 1996
Airborne Express DC-8-63 loss of control accident,
the 2001 American Airlines flight 587 A300 loss of
control accident, the 2009 Colgan Air flight 3407
DHC-8-400 loss of control accident, and the 2008
Continental flight 1404 Boeing 737-500 runway
excursion accident.

required by the Crewmember and
Aircraft Dispatcher Training final rule,
which could lead to a safety risk.

Furthermore, since the initial
publication of the part 60 final rule in
2008, the international FSTD
qualification guidance published in the
ICAO 9625 document has been updated
to incorporate general improvements to
new aircraft and simulation technology
and the introduction of new FSTD
levels that better align FSTD fidelity
with required training tasks. The ICAO
9625 document is an internationally
recognized set of FSTD evaluation
guidelines that was developed by
government and industry experts on
flight simulation training and
technology and has been used as a basis
for national regulation and guidance
material for FSTD evaluation in many
countries. Internationally aligned FSTD
standards facilitate cost savings for
FSTD operators because they can reduce
the number of different FSTD designs,
as well as reduce the amount of
redundant supporting documentation
that are required to meet multiple
national regulations and standards for
FSTD qualification.

This final rule was developed using
recommendations from the SPAW ARC 2
and the international FSTD qualification
guidelines that are published in ICAO
9625, Edition 3 and the newly
published ICAO 9625, Edition 4.3 The
requirements in this final rule are
primarily directed at improving the
fidelity of FSTDs that will be used in air
carrier pilot training to conduct
extended envelope training tasks, but
will also have an added benefit of
improving the fidelity of all FSTDs
initially qualified after the final rule
becomes effective.

B. National Transportation Safety Board
(NTSB) Recommendations

This proposal will incorporate
changes into part 60 that address, at

2 A copy of the SPAW ARC final report has been
placed in the docket for this rulemaking.

3International Civil Aviation Organization
(ICAO) publications can be located on their public
internet site at: http://www.icao.int/.

least in part, the following NTSB Safety
Recommendations through improved
FSTD evaluation standards to support
required training tasks:

1. Stall training and/or stick pusher
training (Recommendations A—10-22,
A-10-23, A—97—-47, A—07-3, and A-10-
24);

2. Upset Recognition and recovery
training (Recommendations A—04-62
and A-96-120);

3. Engine and airframe icing training
(Recommendations A-11-46 and A-11—
47)

4. Takeoff and landing training in
gusting crosswind conditions
(Recommendations A—10-110 and A—
10-111); and

5. Bounced landing training
(Recommendations A—00-93 and A-11—
69).

C. Airline Safety and Federal Aviation
Administration Extension Act of 2010
(Pub. L. 111-216) and the Crewmember
and Aircraft Dispatcher Training Final
Rule

On August 1, 2010, President Obama
signed into law Public Law 111-216. In
addition to extending the FAA’s
authorization, Public Law 111-216
included provisions to improve airline
safety and pilot training. Specifically,
section 208 of Public Law 111-216,
Implementation of NTSB Flight
Crewmember Training
Recommendations, pertains directly to
this rulemaking in that stall training and
upset recovery training were mandated
for part 121 air carrier flightcrew
members.

On November 12, 2013, the FAA
published the Crewmember and Aircraft
Dispatcher Training final rule, adding
the training tasks required by Public
Law 111-216 that specifically target
extended envelope training, recovery
from bounced landings, enhanced
runway safety training, and enhanced
training on crosswind takeoffs and
landings with gusts, which further
requires that these maneuvers be
completed in an FSTD. As a result,
revisions to all part 121 training
programs will be necessary prior to
March 12, 2019 and the revisions to part
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60 in this final rule are required to
ensure FSTDs are properly evaluated in
order to fully implement the flight
training required in the Crewmember
and Aircraft Dispatcher Training final
rule.

D. Summary of the Notice of Proposed
Rulemaking (NPRM)

On July 10, 2014, the FAA published
an NPRM (79 FR 39461), proposing
changes to the flight simulation training
device (FSTD) technical evaluation
standards. The primary purpose of the
NPRM was to establish and update
FSTD technical evaluation standards to
address new training tasks required by
the Crewmember and Dispatcher
Training final rule, including full stall
training, upset prevention and recovery
training, and other new training tasks.
Additionally, the NPRM proposed the
incorporation of FSTD evaluation
criteria as defined in the International
Civil Aviation Organization (ICAO)
9625, Manual of Criteria for the
Qualification of Flight Simulation
Training Devices (Edition 3) document.
Significant changes to the part 60
qualification performance standards
(QPS) were proposed in the following
areas:

1. Full Stall Evaluation: Minimum
requirements were introduced to
include aerodynamic modeling of a full
stall and stick pusher activation (where
equipped) up to ten degrees of angle of
attack (AOA) beyond the stall AOA,
subject matter expert (SME) pilot
evaluation of the FSTD’s stall
characteristics, and improved objective
testing to validate the FSTD’s
performance and handling qualities in
the stall maneuver.

2. Upset Recognition and Recovery:
New requirements were proposed for
the qualification of upset recognition
and recovery training tasks including
the evaluation of a minimum set of
upset recovery maneuvers against the
defined FSTD validation envelope,
providing a means to record and
playback upset recovery maneuvers

conducted in the FSTD, and providing
the instructor with a minimum set of
feedback tools on the instructor
operating station (IOS) that gives
information on the FSTD’s expected
fidelity, aircraft operational limitations,
and student flight control inputs.

3. Engine and Airframe Icing:
Modifications were proposed to the
existing part 60 Level C and Level D
FSTD qualification requirements for
engine and airframe icing. The proposed
amendments included requirements for
ice accretion models based upon aircraft
original equipment manufacturer (OEM)
data or other analytical methods that
incorporate the aerodynamic effects of
icing as well as objective tests on the
FSTD that demonstrate the effects of
icing.

4. Takeoff and Landing in Gusting
Crosswinds: New amendments were
proposed that would require that
realistic gusting crosswind profiles must
be available to the instructor and the
profiles must be tuned in intensity and
variation to require pilot intervention to
avoid runway departure during takeoff
or landing roll. A Statement of
Compliance (SOC) would be required to
describe the source data used to develop
the crosswind profiles.

5. Bounced Landing Recovery: New
requirements were proposed to
complement existing part 60 ground
reaction requirements to support
bounced landing recovery training. The
updated requirements added that the
effects of a bounced landing must be
modeled and evaluated and include the
effects of nosewheel exceedances and
tail strike where appropriate.

6. ICAO 9625 Alignment: In the
NPRM, the FAA proposed alignment
with the updated ICAO 9625, Edition 3,
FSTD evaluation document for similar
FSTD levels that are defined in the part
60 QPS (Appendices A and B). This
included incorporating updated
technical standards for Level C and
Level D FSTDs to align with that of the
ICAO Type VII FSTD and creating a new
high fidelity fixed-base flight training

device (the Level 7 FTD) that is based
upon the similar Type V device as
defined in the ICAO document. This
alignment also included adopting the
ICAO language and numbering format
for some of the technical requirements
tables as well as integrating the existing
legacy part 60 FSTD levels into these
tables to maintain continuity with the
current part 60 defined hierarchy of
FSTD levels.

In general, the proposed amendments
to the part 60 QPS would only be
applicable to FSTDs that are initially
qualified or upgraded in qualification
level after the final rule becomes
effective. Because many previously
qualified FSTDs will likely be used to
accomplish the training tasks required
by the Crewmember and Dispatcher
Training final rule, the FAA also
proposed an FSTD Directive in order to
retroactively apply evaluation
requirements for those previously
qualified FSTDs that will be used to
conduct certain training tasks, including
full stall, upset prevention and recovery
training, engine and airframe icing,
takeoff and landing in gusting
crosswinds, and bounced landing
recovery training.

On September 16, 2014, the FAA
extended the comment period of the
NPRM for an additional 90 days (79 FR
55407). The comment period closed on
January 6, 2015. The FAA received
approximately 675 individual
comments in response to the NPRM.
Commenters included air carriers,
simulator training providers, FSTD data
providers, FSTD manufacturers, the
NTSB, labor organizations, trade
associations, aircraft manufacturers, and
individuals.

E. Differences Between the NPRM and
the Final Rule

As a result of the comments received
on the NPRM, the FAA made several
changes to the final rule. A summary of
significant changes as a result of
comments are highlighted in the
following table:

Issue

Significant changes

Full Stall Evaluation

(a) Improved the definition of the stall AOA for the purposes of defining the required aerodynamic modeling
range. Clarifies specific issues concerning stick pusher equipped aircraft and envelope protected aircraft.

(b) Made clarifications concerning acceptable source data for stall aerodynamic models. Clarified that data
sources other than the aircraft manufacturer may be acceptable if they meet the modeling and SME pilot eval-
uation requirements.

(c) Improved the qualification requirements for subject matter expert (SME) pilots that subjectively evaluate the
stall model. Adds deviation authority if an acceptable SME pilot cannot be located. Allows for SME evaluation
to be conducted on an engineering or development simulator where objective proof-of-match test cases are
provided that verifies the model implementation on the FSTD.

(d) Removed the proposed requirement for all newly qualified FSTDs to be evaluated and qualified for full stall
training tasks. Full stall qualification will only be required for FSTDs that will be used to conduct this training as
requested by the FSTD sponsor.
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Issue

Significant changes

Upset Prevention and Re-
covery Training (UPRT)
Evaluation.

Engine and Airframe Icing
Evaluation.

Gusting Crosswind Evalua-
tion.

Bounced Landing Recovery

Evaluation.

Alignment with the ICAO
9625 Document.

(e) (Previously qualified FSTDs) Removed the proposed objective testing requirements for stall maneuvers where
validation data may not exist for some older FSTD data packages (cruise and turning flight stall). These condi-
tions will still require aerodynamic modeling and subjective evaluation by a SME pilot.

(a) Removed the proposed minimum FSTD evaluation requirements for Level A and Level B FSTDs.

(b) Removed the proposed specific requirements for features and malfunctions necessary to drive upset sce-
narios.

(c) Removed the proposed requirement for audio and video record/playback functionality.

(d) Improved the definition of required instructor operating station (IOS) parameters and feedback mechanisms.
Allows for methods other than graphical displays to be used where the required parameters are provided to
support the training program.

(e) Expands the definition of UPRT to include unusual attitude training in which scenarios are introduced that are
intended to exceed the defined parameters of an aircraft upset. This change better differentiates UPRT from
the existing part 60 unusual attitude evaluation requirement in Table A1B.

(a) Clarified that specific icing effects are only required to be introduced where such effects are representative of
the particular aircraft being simulated.

(b) Revised the existing part 60 engine and airframe icing special effects test (Table A3F) to remove references
to gross weight increments and to better align with the updated requirements.

(c) Clarified that flight test data is not necessarily required for the development of icing models. Engineering and
analytical methods may be used to develop representative icing models.

(d) Added provisions to allow for supplemental tuning of icing models using an SME pilot assessment.

(a) Removed references to the windshear training aid for gusting crosswind model development. Recommend
use of gusting crosswind profiles provided by the FAA in guidance material.

(b) Removed the proposed minimum qualification requirement for Level A and Level B FSTDs.

(a) Removed the proposed ground reaction requirement to compute nosewheel exceedances.

(b) Clarified the requirements to emphasize the effects and indications of ground contact due to landing in an ab-
normal aircraft attitude and that aircraft dynamics in a bounced landing recovery maneuver are already ade-
quately covered in the existing part 60 rule.

(a) Restored the general requirements table (Tables A1A and B1A) format, numbering system, and content to the
existing part 60 versions. Appended the proposed ICAO 9625 (Edition 3) requirements from the NPRM into
their applicable sections.

(b) Restored the existing part 60 visual system field of view (180°x40°) and system geometry requirements for
Level C and Level D FSTDs.

(c) Adopted the less restrictive visual system lightpoint brightness tolerance (5.8 ft.-lamberts) from the updated
ICAO 9625, Edition 4, document.

(d) Adopted the less restrictive transport delay tolerances (100 ms for instrument and motion system response;
120 ms for visual system response) from the updated ICAO 9625, Edition 4, document.

(e) Modified the objective motion cueing test (OMCT) description to not require testing for continuing qualification
evaluations, removed minimum tolerances, and further moved much of the technical test details into guidance
material.

(f) Aligned language where practical for similar stall, UPRT, and icing requirements from the ICAO 9625, Edition
4, document.

(g) Added deviation authority for the FAA to accept alternate FSTD evaluation standards where no adverse im-
pact to the fidelity of the FSTD can be demonstrated.

(h) Reorganized the flight training device (FTD) requirements in Appendix B to restore the existing part 60 table
structure and better separate requirements for the new Level 7 FTD and the legacy part 60 FTD levels.

(i) Clarified the Level 7 FTD’s minimum qualified training tasks in Table B1B to better align with the ICAO 9625
guidelines.

(j) Removed minimum requirements for extended envelope training tasks for the Level 7 FTD that are not in-
cluded in the ICAO 9625, Edition 4 document for the Type V device.

F. Related Actions

As a result of information gathered
from various working groups, the FAA
has taken action on loss of control
training and simulator fidelity
deficiencies by issuing the following
voluntary guidance material:

1. FAA Safety Alert for Operators
(SAFO 10012)—Possible
Misinterpretation of the Practical Test
Standards (PTS) Language “Minimal
Loss of Altitude.” The purpose of this

FSTD Evaluation Recommendations for
Upset Recovery Training Maneuvers;

6. FAA National Simulator Program
(NSP) Guidance Bulletin No. 14-01—
FSTD Evaluation Guidelines for Full
Stall Training Maneuvers;

7. AC 120-109A—Stall and Stick
Pusher Training;

8. AC 120-111—Upset Prevention and
Recovery Training; and

9. Airline Transport Pilot Practical
Test Standards (Change 4).

Portions of the above guidance

bulletin recommends the incorporation
of the material in the AURTA into
flightcrew training. The AURTA
contains guidance for upset recovery
training programs for air carrier
flightcrews, as well as the evaluation
guidance for FSTDs used in such
training;

3. FAA Information for Operators
Bulletin (InFO 15004)—Use of
Windshear Models in FAA Qualified
Flight Simulation Training Devices
(FSTDs);

alert bulletin is to clarify the meaning of
the approach to stall evaluation criteria
as it relates to “minimal loss of altitude”
in the Airline Transport Pilot PTS;

2. FAA Information for Operators
Bulletin (InFO 10010)—Enhanced Upset
Recovery Training. This information

material provide FSTD operators with
recommended evaluation methods to
improve FSTD fidelity for selected
training tasks. To ensure that all FSTDs
used to conduct such training are
evaluated and modified to a consistent
standard, the applicable part 60

4. FAA National Simulator Program
(NSP) Guidance Bulletin No. 11-04—
FSTD Modeling and Evaluation
Recommendations for Engine and
Airframe Icing;

5. FAA National Simulator Program
(NSP) Guidance Bulletin No. 11-05—
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technical requirements must be
modified as described in this final rule.

II1. Discussion of Public Comments and
Final Rule

A. Evaluation Requirements for Full
Stall Training Tasks

The existing FSTD evaluation
requirements for stall maneuvers are
generally limited to the evaluation of
stall speeds with little emphasis on the
actual aircraft performance and
handling characteristics as the aircraft
exceeds the stall warning AOA. As a
result, FSTDs used for such training
may not provide the necessary cues and
associated performance degradation
needed to train flight crews in the
recognition of an impending stall as
well as training the techniques needed
to recover from a stalled flight
condition. In the NPRM, the FAA
proposed updated general requirements,
objective testing requirements, and
functions and subjective testing
requirements for the evaluation of full
stall training maneuvers to support air
carrier training as required in the
Crewmember and Aircraft Dispatcher
Training final rule.

1. Aerodynamic Modeling Range

a. Aerodynamic Modeling Beyond the
Stall AOA

In order to support the required
training objectives, the proposal
included requirements for the modeling
and evaluation of the FSTD’s stall
characteristics up to 10 degrees beyond
the stall AOA.

CAE, Inc. (CAE) commented that the
10 degrees beyond the stall AOA
requirement should be further reviewed,
since application of the recovery should
immediately lead to a reduction in AOA
and therefore is inappropriate to relate
the requirement to the 10 degrees
beyond the stall AOA. CAE
recommended that the 10 degree
requirement be removed where rationale
is provided for the upper limit of AOA
modeling in the required SOC.

The NTSB is generally supportive of
the modeling requirements, citing that a
peak AOA growth of about 10 degrees
beyond the stall is typical for most
incidents and accidents it has
investigated. However, it did note that
stick pusher response dynamics could
cause a higher AOA overshoot and this
dynamic behavior is a “critical cue to a
stall, which pilots must be trained to
recognize.” The NTSB also noted in its
comments that the Colgan flight 3407
accident resulted in an AOA that
extended to 13 degrees beyond the stall

AOA .4 In addition, the NTSB stated that
the required aerodynamic modeling for
aircraft equipped with a stick pusher
should not be limited to that of the stick
pusher activation and that the
aerodynamic modeling range include
the flight dynamics that may occur
where a pilot resists the stick pusher in
training.

The FAA disagrees with CAE that the
10 degree requirement be removed in
select cases. The 10 degree AOA range
was initially recommended by the
SPAW ARC as necessary to accomplish
full stall training. Furthermore, this 10
degree AOA range is currently a
recommended practice for simulator
aerodynamic modeling in the
International Air Transport Association
(IATA) Flight Simulation Training
Device Design and Performance Data
Requirements document ® and has been
a recommended practice since the
second edition of the IATA document
that was published in 1986. Finally, the
FAA notes that an unpublished
simulator investigation conducted by
ICATEE in conjunction with NASA on
their Enhanced Upset Recovery model
showed that the 10 degree AOA range
should be sufficient to capture most
overshoots in AOA during various stall
recovery maneuvers.

The FAA agrees with the NTSB that
pilots can benefit from experiencing the
aircraft dynamics involved in a stick
pusher activation and recovery
maneuver in training. The FAA has
reviewed the NTSB accident reports and
supporting data on two loss of control
accidents in which pilots resisted the
activation of a stick pusher and
encountered an aerodynamic stall. In
the Pinnacle Airlines Flight 3701
accident, the initial stick pusher
activation occurred at approximately
10.5 degrees AOA at the start of the
aircraft upset and the AOA
subsequently oscillated from
approximately —6 degrees to +14
degrees over three successive stick
pusher activations with some instability
evident in the roll axis.® Only until just
before the fourth activation of the stick

4 See NTSB accident report, Loss of Control on
Approach, Continental Connection Flight 3407,
February 12, 2009, NTSB Accident Report, NTSB/
AAR-10/01; page 87, ““After the stall, the AOA
oscillated between 10 deg and 27 deg . . ..”.

5 International Air Transport Association (IATA)
Flight Simulation Training Device Design and
Performance Data Requirements Document, 7th
Edition (2009), sections 3.1.1.2 and 3.1.1.3
addresses stall entry and recovery as well as
required angle of attack ranges for supporting data.

6 See NTSB accident report, Crash of Pinnacle
Airlines Flight 3701, October 14, 2004, NTSB
Accident Report, NTSB/AAR-07/01 and supporting
flight data recorder factual report on the NTSB
public docket (NTSB accident identification
number DCA05MAO003).

pusher system (approximately eleven
seconds after the initial stick pusher
activation) did the AOA exceed the
proposed aerodynamic modeling range
(of 10 degrees beyond the stall AOA) for
FSTD evaluation purposes.”

In the Colgan 3407 accident,
aerodynamic stall occurred before the
stick pusher activation 8 at
approximately 14 degrees AOA which
included an initial roll off to about 50
degrees of bank angle. After the initial
stick pusher activation at about 17.5
degrees AOA, the subsequent AOA
overshoot remained within 24 degrees
as the aircraft rolled through 100
degrees of bank angle in the opposite
direction of the initial roll off. The peak
AOA value of approximately 27 degrees
(10 degrees of AOA beyond the stick
pusher activation where stall
identification should have occurred)
was not recorded until after multiple
incorrect column responses by the pilot
against the stick pusher over a time
period of 30 seconds after the pilot’s
initial incorrect response to the stall
warning.

The FAA considered the comments
and based on a review of industry
recommendations and best practices,
has determined that aerodynamic
modeling to at least 10 degrees beyond
the stall AOA is necessary so that the
modeling does not abruptly end should
the pilot overshoot the stall recognition
and recovery in training. The FAA
recognizes that the 10 degree AOA range
may not be sufficient to capture all of
the flight dynamics involved with
multiple severe divergent pitch
oscillations where the pilot repeatedly
resists a stick pusher system; however,
training should not normally be allowed
to continue significantly beyond the
point where a trainee initially resists the
stick pusher before recognizing the stall
identification cues and executing the
recovery procedures. As demonstrated
by the AOA oscillations experienced in
the Colgan and Pinnacle accidents, the
FAA has determined that aerodynamic
modeling to 10 degrees beyond the stall
AOA should be sufficient to capture
aircraft dynamics in instances where a
pilot initially resists the stick pusher
activation in training. The data from
these accidents suggests that the 10
degree AOA aerodynamic modeling
requirement would adequately cover an

7 For this aircraft, since the aerodynamic stall
occurs after the stick pusher is designed to activate,
the stall identification is provided by the stick
pusher system activation and aerodynamic
modeling would be required up to at least 20.5
degrees AOA for this configuration.

8 According to the NTSB accident report, the stick
pusher on this aircraft is designed to activate after
the aerodynamic stall.
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AOA range that includes several
seconds of inappropriate pilot responses
to a stick pusher activation. The FAA
has determined this range is sufficient
to meet the training objective of
teaching a pilot to not resist a stick
pusher system activation.

b. Definition of the Stall AOA

In the NPRM, the FAA defined the
required aerodynamic model validity
range for full stall qualification as 10
degrees of AOA beyond the stall/critical
AOA and not as a function of when the
stall identification cues are present.

Airbus commented that the definition
of stall or full stall should emphasize
“heavy buffet” as an important cue.
Airbus further cited the ICAO 9625,
Edition 4, document 9 states that a
stalled flight condition may be
recognized by continuous stall warning
activation accompanied by at least one
of the following: (1) Buffeting, which
could be heavy at times; (2) lack of pitch
authority and/or roll control; or (3)
inability to arrest the descent rate.

The FAA concurs with Airbus’
comment that heavy buffet can be an
important cue of a stall. The FAA has
further considered the definition of stall
as described in the ICAO 9625
document to determine an appropriate
definition for stall with respect to the
modeling requirements necessary to
support the training objectives. The
FAA does not fully agree, however, with
the ICAO 9625 definition of stall;
specifically the criteria of “‘lack of pitch
authority and/or roll control” to define
the stall since the part 25 airplane
certification requirements state that the
pilot must be able to control the aircraft
in pitch and roll up to the stall. While
control effectiveness can be reduced, it
would be incorrect to say that it is
lacking for certified airplanes.

Two fundamental objectives of the
stall training requirements are to train
pilots to recognize the cues of an
impending stall as well as to reinforce
to pilots that the stall recovery
procedures learned during stall
prevention training are the same
recovery procedures needed to recover
from an unintentional full stall. To
determine the extent of FSTD
aerodynamic modeling necessary to
conduct this training, the stall
identification AOA must be defined as
the point in which the pilot should
recognize that the aircraft has stalled
and that the stall recovery procedures
must be initiated. The FAA has
considered both the aircraft certification

9 See section III.F.3 concerning changes made to
address the recently published ICAO 9625, Edition
4 document.

(part 25) definition of a “clear and
distinctive” indication of a stall, as well
as the ICAO 9625, Edition 4, stall
definition. In order to provide a more
consistent definition of the stall AOA to
ensure that the required aerodynamic
modeling range covers potential
overshoots in AOA during stall training,
the FAA has amended the final rule to
better define stall identification:

i. No further increase in pitch occurs
when the pitch control is held on the aft
stop for 2 seconds, leading to an
inability to arrest descent rate;

ii. An uncommanded nose down
pitch that cannot be readily arrested,
which may be accompanied by an
uncommanded rolling motion;

iii. Buffeting of a magnitude and
severity that is a strong and effective
deterrent to further increase in AOA;
and

iv. The activation of a stick pusher.

Since AOA awareness is a
fundamental element of stall training,
the instructor must be provided with
feedback at the IOS concerning the
aircraft’s current AOA as well as the
stall identification AOA. This feedback
will not only provide the instructor with
additional awareness concerning the
aircraft’s current AOA and proximity to
the stall, but will also assist the
instructor in determining when the
aircraft has stalled and that the stall
recognition cues have been provided as
necessary to support the training
objectives. In the final rule, the FAA has
amended the IOS feedback requirements
for upset prevention and recovery
training to include AOA and stall
identification AOA parameters.

The FAA further notes that the stall
identification cues exhibited by an
aircraft can, and often do, vary
depending upon the aircraft’s
configuration (e.g. weight, center of
gravity, and flap setting) and how the
stall is entered (turning flight or wings
level stall entry). Where differing stall
identification cues are present on the
aircraft, the FSTD’s aerodynamic model
should be capable of providing these
cues and variation of stall
characteristics for training purposes.
The FAA also points out that, while this
requirement was implied in the stall
model evaluation requirements in the
NPRM, ICAO 9625, Edition 4, further
clarifies this issue with additional
language which states that “. . . the
model should be capable of capturing
the variations seen in the stall
characteristics of the aeroplane (e.g., the
presence or absence of a pitch break).”
The FAA has determined that the ability
to show these variations would be
valuable in training and has included

similar clarifying language in Table
A1A, section 2.m. of the final rule.

2. Envelope Protected Aircraft

a. Model Validity Ranges and
Associated Objective Testing

In the NPRM, the FAA included
provisions that did not specifically
require objective validation testing at an
AOA beyond the activation of a stall
identification (stick pusher) system
through recovery. The primary purpose
of including this provision was to not
require the collection of flight test
validation data at an AOA that could
result in an unrecoverable and
dangerous stalled flight condition.

Empresa Brasileira de Aeronautica
S.A. (Embraer), Airbus, and an
individual commenter questioned why
computer controlled aircraft with stall
envelope protection systems are treated
differently from aircraft equipped with
stick pusher systems with respect to
model validity ranges and associated
objective testing. Delta Airlines, Inc.
(Delta) further questioned whether such
modeling and testing will be required
for an Airbus A350 aircraft that has part
25 special conditions on stall testing for
airplane certification.

The FAA notes that Public Law 111—
216 and the Crewmember and Aircraft
Dispatcher Training final rule require
training to be conducted to a stall. The
primary purpose for the training is to
provide flight crews with experience in
recognizing the cues of an impending
stall, as well as reinforcing the recovery
techniques learned in stall prevention
training. To expose flight crews to these
stall identification cues, envelope
protections systems must typically be
disabled in training. Unlike most
envelope protection systems, stick
pushers are typically installed to either
compensate for an inability of the
aircraft to meet the part 25 stalling
definitions in § 25.201 or the stall
characteristics requirements in § 25.203.
Where a stick pusher is installed to meet
the stall identification requirements of
§ 25.201, the activation of the stick
pusher provides the pilot with a clear
and distinctive indication to cease any
further increase in AOA. This ““clear
and distinctive” indication of a stall is
necessary to accomplish the training
objectives and simply reaching the AOA
limits of the envelope protection or
“alpha floor” on an envelope protected
aircraft will not provide the stall
recognition cues that a pilot needs to
learn to prevent and recover from a full
stall in the event that the envelope
protection systems fail. The accident
and incident record contains multiple
instances of stall envelope protection
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system failures in the past, some of
which progressed into a full stall
situation where recognition cues of the
stall were not identified by the flight
crews.10

The FAA further notes that the FSTD
qualification requirement for objective
and subjective testing of the stall is not
new with this rulemaking. The part 60
standard published in 2008 contains
both objective and subjective testing of
the stall to include the “g-break” and is
required for computer controlled aircraft
in a non-normal operational mode.1?
Furthermore, the FAA’s FSTD
qualification standards dating back to
AC 121-14C (1980) have also had both
objective and subjective testing
requirements for stall.2 As a result,
virtually all of the currently qualified
Level C and Level D FSTDs for transport
category aircraft have objective testing
already in place for stall maneuvers in
their FAA approved Master
Qualification Test Guide (MQTG) and
most of these objective tests are
validated against flight test data
collected up to and including the stall.
The FAA finds that reducing these
requirements would not support the full
stall training requirements in the
Crewmember and Aircraft Dispatcher
Training final rule and therefore
maintains that the requirements set
forth in this final rule are necessary.

b. Validation of Stall Characteristics
Using Flight Test Data

In the NPRM, the FAA proposed
objective testing of stall characteristics
for computer controlled aircraft in both
normal mode and non-normal mode
flight conditions up to the full stall
through recovery to normal flight.

Embraer commented that during the
developmental flight test campaign, full
aerodynamic stalls that are considered

10 One such example is the June 2009 crash of Air
France flight 447, an Airbus A330-203 that
experienced failure of the high angle of attack (stall)
protection system due to the loss of airspeed data
as a result of pitot probe blockage. See “Final report
on the accident on 1 June 2009 to the Airbus A330—
203 registered F-GZCP operated by Air France
flight AF 447 Rio de Janeiro—Paris”; Bureau
d’Enquétes et d’Analyses (BEA); Paris, France.
Another example is the December 2014 crash of
Indonesia Air Asia flight 8501, an Airbus A320—
216, where flightcrew actions to correct a
malfunctioning flight augmentation system resulted
in the loss of stall protection. See “Aircraft
Accident Investigation Report; PT. Indonesia Air
Asia; Airbus A320-216; PK—AXC”; Komite
Nasional Keselamatan Transportasi (KNKT),
Republic of Indonesia 2015.

11 See 14 CFR part 60 (2008), Appendix A, Table
A2A, test 2.c.8 (Stall Characteristics) and Table
A3A, test 6.a. [ngh angle of attack, approach to
stalls, stall warning, buffet, and g-break .

12 Advisory Circular (AC) 121-14C [1980]
“Aircraft Simulator and Visual System Evaluation
and Approval”.

hazardous or impractical can only be
done if the aircraft is equipped with
additional safety features, such as a tail
parachute or other equivalent device,
and those features obviously change the
aircraft behavior during stall recovery if
they are employed. Additionally,
Embraer emphasized that for safety
reasons in the certification flight test
campaign, depending upon the aircraft’s
aerodynamic characteristics during
stalls; full aerodynamic stall flight tests
are not done in control states in which
the stall protection system is not
available. Embraer recommended that
flight testing for validation should not
be required for objective testing in non-
normal control states where the stall
protection system is not available.

As previously stated, the non-normal
control mode objective testing to a full
stall has been required in the existing
part 60 stall characteristics objective
tests as well as in previous FSTD
evaluation standards dating back several
years and the FAA has not significantly
changed this requirement in this
rulemaking. The FAA agrees with
Embraer that aerodynamic stall flight
testing may be hazardous or impractical
to conduct in some circumstances (on
both envelope protected and non-
envelope protected aircraft) and this
rulemaking has not specifically required
additional flight test validation data to
be collected at an AOA beyond where
it is reasonably safe to do so.

As described in the NPRM, the FAA
has included allowances for
aerodynamic stall models to be
developed and validated using
engineering and analytical methods.
While the FAA agrees with the
commenter that some airplane
certification flight test data collected in
a stall maneuver may not be suitable for
simulator modeling and validation
purposes (such as where a tail parachute
has been deployed as mentioned by the
commenter), other flight testing
conducted to investigate the stall
characteristics of the airplane during the
aircraft certification program may be
used to develop engineering simulator
models. Where significant safety issues
would prevent flight testing at an AOA
beyond the activation of a stall
protection system, engineering
simulator validation data will be
acceptable for FSTD objective testing
purposes. The FAA has made
amendments in the final rule to make
this clarification.

c. Required AOA Range for Normal
Mode Objective Testing

In the NPRM, the FAA did not specify
a particular AOA range to support the
normal mode testing requirements for

stall characteristics on computer
controlled aircraft.

Delta and Airlines for America (A4A)
requested clarification on what will be
the required AOA range for objective
testing on aircraft with highly
automated systems where the aircraft
does not reach aerodynamic stall in
“normal control state.”

The FAA has not specified a
particular AOA range to support the
normal mode testing requirements in
this final rule, as this will be a subset
of the AOA range required for non-
normal mode testing. Public Law 111—
216 and part 121, subparts N and O,
require training for recoveries from
stalls and stick pusher activations, if
equipped. In order to conduct stall
recovery training, the protections of an
envelope-protected aircraft must be
disabled. As such, aerodynamics
outside of the envelope protections up
to ten degrees beyond the stall AOA
must be considered to allow for stall
recovery training in the event the
envelope protections fail.

3. Data Sources for Model Development
and Validation

a. Define Best Available Data

In the NPRM, the FAA proposed that
where limited data is available to model
and validate the stall characteristics of
the aircraft, the data provider is
expected to develop a stall model
through analytical methods and the
utilization of the “‘best available data”.

Bihrle Applied Research (Bihrle),
A4A, and an anonymous commenter
stated that the term, “‘best available
data” (with regards to the aerodynamic
data used to model and validate the stall
model) is ambiguous and open to
interpretation. American Airlines
(American), FlightSafety International
(FlightSafety), A4A, JetBlue Airways
(JetBlue), and Delta further requested
clarification from the FAA on whether
a “non-OEM” provided source of data
would be acceptable to the FAA to meet
the representative stall model
requirements.

The FAA notes that there is not a
specific requirement currently in part
60, nor has a new requirement been
introduced in this final rule that
mandates FSTD sponsors use the
original equipment [aircraft]
manufacturer’s (OEM) data to develop
and validate the aerodynamic and flight
control models in qualified FSTDs. As
described in § 60.13(b), “The validation
data package may contain flight test data
from a source in addition to or
independent of the aircraft
manufacturer’s data in support of an
FSTD qualification . . .”” There are
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numerous FSTDs that have been
qualified up through Level D where the
FSTD manufacturer or other third party
data provider has instrumented and
flight tested an aircraft in order to
collect flight test data to develop and
validate their own aerodynamic and
flight control models to support FSTD
evaluation and qualification.

The FAA has considered the issues
involved with requiring aircraft OEM
data to develop and validate stall
models for the purpose of conducting
full stall training. While flight test data
collected by the aircraft manufacturer
will generally be the preferred source of
data to model and validate FSTDs for
training, the FAA has determined that
“non-OEM” sources of aerodynamic
data must be considered for the
following reasons:

i. Restricting the development of stall
models to that of the airplane
manufacturers could impose a high cost
on the FSTD sponsors and may not be
possible in some instances where the
airplane manufacturer does not support
a simulator data package or is no longer
in existence;

ii. Recommendations by the SPAW
ARC, ICATEE, and other working
groups have supported the use of
analytically developed “type
representative” stall models for training
purposes; and

iii. An FAA simulator study 13 has
supported the SPAW ARC’s findings
and found that analytically derived
“type representative” stall models that
are developed by third party data
sources and thoroughly evaluated by a
SME pilot can be effectively used to
support stall training tasks in a
simulator.

For these reasons, the FAA finds that
it would not be practical to require
FSTD sponsors to use an aircraft
manufacturer’s high AOA/stall model to
meet the requirements of this final rule
and other source data may be
acceptable. Furthermore, Boeing, A4A,
and an anonymous commenter stated
that “flight test data should be noted as
the preferred source of data, if available,
with other data sources to be used if
acceptable to the FAA.” The FAA
concurs with this statement. To manage
unknown risks, an aircraft manufacturer
provided stall model developed with
flight test data will generally be the
preferred source of data; however, the
FAA has concluded that there is not
sufficient evidence to warrant
mandating a particular source of data for

13 Schroeder, J.A., Burki-Cohen, J., Shikany, D.A.,
Gingras, D.R., & Desrochers, P. (2014). An
Evaluation of Several Stall Models for Commercial
Transport Training. AIAA Modeling and Simulation
Technologies Conference.

model development. The FAA
acknowledges that the term, “best
available data” is ambiguous and has
removed that language in the final rule.

b. Post Stall “Type Representative”
Modeling

In the NPRM, FAA indicated that
flight crews should be provided with
practical experience in recognizing a
full stall should the stall warning
system become ineffective. To support
this objective, the FSTD must provide
critical aircraft type-specific stall
recognition cues to enable the crew to
recognize the onset of a stalled flight
condition. Where data limitations and
aircraft behavior may prevent
conducting precise objective validation
of post-stall behavior in the FSTD, the
FAA included provisions in the
proposal for “type representative”
modeling and validation. To distinguish
between the objectively validated “type
specific” pre-stall modeling and post-
stall modeling that may be developed
through engineering analysis and SME
pilot evaluation, the FAA used the term
“type representative” in the NPRM.

Delta, FlightSafety, and A4A
requested that the FAA better define the
term, “‘type representative’” with regards
to post stall model fidelity.

In defining the FSTD fidelity
requirements for full stall behavior, the
FAA considered the primary training
objectives for such training. The first
objective of stall training is to provide
flight crews with practical experience in
recognizing a full stall should the stall
warning system become ineffective
(either through malfunction or human
error). To support this objective, the
FSTD must provide critical aircraft
“type specific” recognition cues of an
impending stall. Examples include cues
such as reduced lateral/directional
stability, deterrent stall buffet, and
reduced pitch control if the particular
aircraft has these cues.

The second objective of stall training
is to reinforce to flight crews that the
recovery procedures learned during stall
prevention training are the same
procedures needed to recover from a full
stall. From an aerodynamic modeling
standpoint, this presents a more
significant challenge for two reasons.
First, aircraft behavior in an
aerodynamic stall may not be stable and
is often sensitive to initial conditions,
which creates the impression of non-
repeatable chaotic behavior. Second,
because this occurs in a flight regime
with reduced stability, there can be
practical limitations on the amount of
flight test data that can be safely
collected for simulator modeling and
validation purposes. It is for these

reasons that objectively validated “type
specific” behavior at an AOA beyond
the aerodynamic stall may not be a
reasonable goal for defining fidelity in a
training simulator.

The FAA has determined that the
primary training objective for stall
training is to have a pilot learn the
proper stall recovery procedure in
response to the variety of stall cues that
a particular aircraft presents. Owing to
the reduced stability, unsteady
aerodynamics, and surface and rigging
variations that occur with use, an
aircraft will respond differently from
stall to stall. However, the physics of
what can happen in a stall are known,
accepting that they can differ from
aircraft to aircraft. The FAA has
concluded that if a pilot can
demonstrate applying the stall recovery
technique for the general characteristics
of what might occur for an aircraft type,
the precise characteristics are not
required. That is, if an airplane typically
rolls 10 degrees left or 20 degrees right
in a stall does not matter as long as the
pilot does not incorrectly apply the stall
recovery technique by responding to
that roll before reducing AOA. What is
important is to present roll if an aircraft
has rolling tendencies to ensure that a
pilot responds properly.

In order to avoid confusion with other
uses of the word ““representative’” with
respect to simulator fidelity, and to
remain consistent with the ICAO 9625
definitions, the FAA has changed the
description of the post-stall fidelity
requirements to “sufficiently exemplar
of the airplane being simulated to allow
successful completion of the stall entry
and recovery training tasks.” For the
purposes of stall maneuver evaluation,
the term “exemplar” is defined as a
level of fidelity that is type-specific of
the simulated airplane to the extent that
the training objectives can be
satisfactorily accomplished.

c. Use of Flight Test Data and
Availability

In consideration of the
recommendations of the SPAW ARC as
well as the results of the FAA stall
study, the FAA proposed that the
necessary levels of simulator fidelity
(including type specific pre-stall
behavior and type representative post-
stall behavior) can be achieved through
a combination of engineering analysis,
SME pilot assessment, and improved
pre-stall objective testing through the
use of existing stall flight test data that
is already required by part 60 and
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previous simulator standards.4
Furthermore, the FAA proposed
additional objective testing
requirements for stall characteristics to
include turning flight stall and high
altitude cruise stall. In the proposal,
these tests were also included in the
FSTD Directive as applicable to
previously qualified FSTDs.

Dassault Aviation (Dassault)
commented on the availability of full
stall flight tests and that flight test
points may not be available for some
conditions where aircraft certification
does not require them. Dassault further
commented that corresponding flight
test points might be implemented in the
devices where partial data is available;
however, no extension or extrapolation
should be considered as type
representative because this might lead
to a very different behavior. An
anonymous commenter made similar
comments in that “unless there is a
source of flight test data in every
possible combination of conditions that
might exist in a full stall, a
demonstration of recovery techniques in
a given set of conditions is the only
plausible solution.”

FlightSafety further questioned
whether there would be a release from
liability should a stall model developed
through engineering judgment and
analytical methods prove to be
inadequate.

As stated in previous sections, the
FSTD qualification standards have had
objective testing requirements for flight
maneuvers up to and including full stall
since 1980, so nearly all currently
qualified full flight simulators (FFS)
already have full stall flight test points
that are used for simulator validation
purposes. For previously qualified
FSTDs, this data could be used to
further improve existing stall models to
meet the requirements of this final rule.
The FAA does recognize, as Dassault
points out, that additional flight test
validation data may not readily exist to
validate the new stall maneuvers
introduced in the objective testing
requirements (e.g., cruise stall and
turning flight stall). To address this
concern, the FAA has amended the
FSTD Directive for previously qualified
FSTDs to remove the objective testing
requirements for both the cruise
condition and the turning flight stall
condition and replaced them with
subjective evaluation by an SME pilot.
The remaining required objective testing
stall characteristics tests (second

1414 CFR part 60 (2008) currently requires stall
characteristics objective testing that extends to the
full stall and “g-break”. Similar requirements exist
for grandfathered simulator standards dating back
to AC 121-14C (1980).

segment climb and approach or landing
conditions) are already required under
the existing part 60 rule and should
have existing validation data that can be
used to meet the new objective testing
requirements. Where limitations exist in
the stall aerodynamic model due to the
lack of data or reliable analytical
methods, the data provider may declare
these limitations as part of the required
aerodynamic modeling SOC for the
purposes of restricting the FSTD to
certain stall maneuvers.

In response to FlightSafety’s
comment, the FAA notes that
engineering judgment and analytical
methods are used extensively in other
areas of a simulation model besides stall
and these models are used for training
in conditions and situations that vary
from the flight conditions used to
validate the model. This practice has
proven satisfactory, as known physical
principles are used by FSTD
manufacturers and data providers to
represent the training conditions that
vary from the flight-validated
conditions. The FAA issues standards
for FSTD evaluation, but generally does
not prescribe specific methods for
developing simulation models. The
FAA does not have the authority to
declare a release from liability.

4. Qualification on FSTD Levels Other
Than Level C and Level D

In the NPRM, the FAA proposed
modifications to the Level A and Level
B stall qualification requirements to
include stick pusher system force
objective testing and updated objective
and subjective testing requirements for
the approach to stall flight conditions
for newly qualified FSTDs.

Boeing, Delta, and A4A commented
that while the FAA proposed
modifications to the Level A and Level
B stall qualification requirements, the
Crewmember and Aircraft Dispatcher
Training final rule does not permit such
training in these devices and therefore
these requirements should be removed.
Delta and Boeing had additional
comments concerning new requirements
proposed for the “approach to stall”
objective tests on Level A and Level B
simulators (including additional
configurations, tolerances, and
subjective testing of the autoflight/stall
protection systems) with one
commenter stating that there is no
apparent explanation why the approach
to stall characteristics objective test has
changed for Level A and Level B
simulators and it should remain
unchanged to be consistent with the
ICAO 9625 document.

The FAA concurs with the
commenters in that § 121.423 requires

extended envelope training be
conducted in a Level C or Level D
simulator and has removed the
associated minimum requirements for
full stall on Level A and Level B
simulators. However, the FAA notes
that such devices are qualified to
conduct stall prevention training at
AOAs below that of the activation of the
stall warning system and improving the
validation of these FSTDs in the
approach to stall flight condition would
be beneficial to this training. Where new
testing requirements were proposed for
Level C and Level D simulators for
AOAs below the activation of the stall
warning system, these testing
requirements were carried over to Level
A and Level B simulators to provide
better validation of the simulator to
conduct stall prevention training tasks.
The FAA further notes that these
requirements for Level A and Level B
simulators are not retroactive
requirements defined in the FSTD
Directive and will only be required for
Level A and Level B simulators that are
initially qualified after this final rule
becomes effective. The FAA does not
believe these changes for Level A and
Level B FSTDs will have an impact on
the alignment with the ICAO document
since the Level A and Level B FSTD
levels in part 60 have no equivalent
ICAO device level.

5. Motion Cueing System Limitations

In the NPRM, the FAA included
provisions to allow the FSTD
manufacturer to limit the maximum
buffet based on “motion platform
capabilities and limitations” (see Table
A2A, Entry No. 2.c.8). A similar
provision was also included in the
ICAO 9625, Edition 4.

The FAA received several comments
that the FSTD sponsors, in addition to
the device manufacturers, should be
allowed to limit maximum buffet based
upon motion platform capabilities and
limitations. Furthermore, Delta, Boeing,
FlightSafety, A4A, JetBlue, and United
Parcel Service (UPS) commented that
FSTD sponsors should have the ability
to tune down or otherwise reduce
motion vibrations due to maintenance
and reliability aspects, personnel safety,
and limitations of other simulator
components, such as visual display
systems and other hardware onboard the
simulator. Boeing additionally
commented that other simulator
systems, such as the visual system, may
also limit the buffet levels.

With regards to reducing or otherwise
limiting motion vibrations that are
within the motion platform’s
capabilities and limitations, the FAA
has determined not to include specific
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provisions to allow for arbitrary
reductions in stall buffet from the levels
that are evaluated through SME pilot
assessment or objective testing. On
many aircraft, the stall buffet is an
important cue of an impending stall
and, in some cases, may be the only
distinctive cue a pilot will receive
before or during an actual stall. In an
FAA stall study on its B737-800
simulator 15 in which the magnitude of
the stall buffet cues had been modified
and increased significantly, all ten of
the participating test pilots who had
stalled the B737 noted the importance of
accurately presenting the strong buffet
cues as a stall progresses. Furthermore,
the importance of stall buffet in training
has been emphasized numerous times
by the various working groups that
provided recommendations to the FAA
on stall training and associated
simulator fidelity. As such, the FAA has
determined that to accomplish the
intended training objectives to provide
flight crews with accurate recognition
cues of an impending stall, the stall
buffet characteristics should be
provided in the FSTD at a level that is
representative of the aircraft as
evaluated by an SME pilot.

Furthermore, as cited in A4A’s and
American’s comments, Schroeder did
acknowledge in his paper that buffet
levels are sometimes reduced in a
simulator to extend component life;
however, no such reduction in stall
buffet was implemented for this
experiment. In fact, overall buffet gains
were increased by a factor of 2.5 in the
simulator with no adverse effects noted
after the completion of the five week
experiment.16

The FAA acknowledges that the
potential exists for increased
maintenance and reliability issues due
to the repeated exposure of the FSTD to
stall buffet. The FAA concurs with
Boeing’s comment in that other
simulator systems (e.g., visual systems)
may limit the maximum buffet levels
that are possible in a simulator and the
FAA has made changes in the final rule
to reflect this. Particularly with visual
display systems, notch filters are

15 Schroeder, J.A., Burki-Cohen, J., Shikany, D.A.,
Gingras, D.R., & Desrochers, P. (2014). An
Evaluation of Several Stall Models for Commercial
Transport Training. AIAA Modeling and Simulation
Technologies Conference.

16 The FAA’s CAE simulator was operated for an
average of 8 hours per day for five weeks to conduct
approximately 700 stall maneuvers which had
significant buffet levels. The FAA estimated that
this simulator was exposed to approximately 67
total minutes of stall buffet over this five week
period of time, which is comparable to what a
typical part 121 carrier’s simulator may be exposed
to over an entire year under the new training rule.
There were no reports of equipment damage after
the completion of the experiment.

frequently employed to reduce the
vibration output of the motion platform
at or around a resonant frequency that
would cause damage to visual system
components such as a Mylar mirror.
These methods have been employed in
the past and will continue to be
permissible to protect the simulator and
its occupants from known system
limitations where damage is likely to
occur or occupant safety may be
compromised.

Furthermore, given that these
standards may be applied to previously
qualified FSTDs where the original
FSTD manufacturer may not be
accomplishing and evaluating the
modifications of the FSTD, the FAA
agrees with the commenters that the
ability to limit the maximum buffet due
to motion platform and other simulator
system capabilities and limitations
should be extended to the FSTD
sponsor. The FAA has amended the
final rule to allow for the FSTD
manufacturer or the FSTD sponsor to
limit the maximum motion buffet levels
as described in this section.

6. Subject Matter Expert Pilot
Evaluation and Qualification

a. SME Qualifications and Experience

In the NPRM the FAA proposed that
the SME pilot who conducts the subject
evaluation of the FSTD’s stall
characteristics must have “. . .
acceptable supporting documentation
and/or direct experience of the stall
characteristics of the aircraft being
simulated”” and have “knowledge of the
training requirements to conduct the
stall training tasks.”” The additional
requirements proposed in Attachment 7
of the NPRM further stated that that the
SME pilot must have experience in
conducting stalls in the type of aircraft
being simulated and, where not
available, experience in an aircraft with
similar stall characteristics.

The FAA received several comments
concerning the experience and
qualification requirements for SME
pilots. American, A4A, Delta, and
FlightSafety requested clarification on
whether the required SME must be a
pilot who has flown a full stall in the
airplane or a pilot who only has
knowledge of training requirements to
conduct the stall tasks. Delta and A4A
also questioned whether there are any
other SME experience requirements
beyond conducting stalls in the aircraft
being simulated, or in an aircraft with
similar stall characteristics. A4A, Delta,
and FlightSafety, further requested
clarification on whether an SME pilot
can gain the necessary stall experience
in an audited engineering simulator or

on another Level D FFS that has already
been qualified for stall maneuvers.

The FAA maintains that the
subjective evaluation of the
aerodynamic stall model is a critical
component in ensuring that the FSTD’s
stall characteristics are representative of
the aircraft and support the training
objectives. The FAA further maintains
that for such a subjective assessment to
have credibility, the pilot must have
direct experience in conducting stall
maneuvers in the aircraft being
simulated or in a similar aircraft that is
expected to share the same general stall
characteristics.

The FAA acknowledges that the SME
requirements in the NPRM were not
clearly defined and has revised
Attachment 7 of Appendix A of the final
rule to better define these requirements.
In particular, rather than just stating the
stall experience must be in the “type of
aircraft being simulated”, the FAA
clarified this by stating that the
experience must be ““. . . direct
experience in conducting stall
maneuvers in an airplane that shares a
common type rating with the simulated
aircraft.” In instances where the stall
experience is in a different make,
model, and series of aircraft within a
common type rating, the FAA clarified
that differences in aircraft specific stall
recognition cues and handling
characteristics must be addressed using
available documentation such as aircraft
operating manuals, aircraft
manufacturer flight test reports, or other
documentation that describes the stall
characteristics of the aircraft.

Particularly for aircraft that are no
longer in production, the FAA
recognizes that there may be practical
limits in finding SME pilots with the
required experience to conduct the stall
model evaluations. In instances where
an acceptable SME cannot be reasonably
located, the FAA has included deviation
authority in the final rule for a sponsor
to propose alternate methods in
conducting the SME pilot evaluation of
an FSTD’s stall model.

In response to the comments
concerning whether the SME pilot is
required to have experience in the stall
characteristics of the aircraft or
knowledge of the training requirements
to conduct the stall training tasks, the
FAA has determined that the SME pilot
must have both aircraft experience and
knowledge of the training requirements,
with the exceptions on experience as
noted previously. While an important
element of the subjective assessment is
the comparison of the FSTD’s
performance against that of the aircraft,
knowledge of the training tasks to be
conducted in the FSTD should be
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considered when conducting these
evaluations. The recognition cues and
handling qualities of an airplane can
change significantly as a function of the
aircraft configuration and how the stall
is entered. To ensure the model can
support the training objectives as well
as to communicate any known or
potential deficiencies in the model, the
SME pilot conducting this subjective
evaluation should focus the evaluation
on those general aircraft configurations
and stall entry methods that will likely
be used in training. The FAA has
clarified this language in the SME pilot
evaluation requirements in Attachment
7.

The FAA has considered whether an
SME pilot can gain experience in an
audited engineering simulator or
another Level D FFS that has been
qualified for full stall maneuvers and
has concerns that the effectiveness of an
SME pilot evaluation may be
diminished when making such
comparisons from simulator to
simulator without an objective measure
to ensure that the aerodynamic model
from the engineering simulator has been
properly implemented on the training
simulator. For these reasons, the FAA
maintains that the SME pilot conducting
the subjective evaluation of the FSTD or
associated stall model must have direct
experience of the stall in the aircraft. A
pilot cannot gain the necessary aircraft
experience required to be a SME in an
engineering simulator or another FFS
that has been qualified for full stalls.

b. Model Validation Conducted by the
Data Provider

Boeing and Airbus commented that in
lieu of an SME pilot evaluation being
conducted on the individual FSTDs for
initial and recurrent evaluations, the
model validation with the SME pilot
can be conducted by the data provider
where objective stall data is provided to
validate the individual FSTDs. Delta
and A4A made similar comments. The
FAA agrees with the commenters and
notes that provisions to conduct the
SME pilot evaluation on an engineering
simulator were included in the proposal
in Attachment 7 to Appendix A. The
FAA maintains that where objective
proof of match tests are provided to
verify the models have been properly
implemented on the training FSTD
(including stall characteristics and stall
buffet objective testing), the FAA will
accept an SOC from the data provider
that confirms the integrated stall model
has been evaluated by an SME pilot on
an engineering simulator or other
simulator acceptable to the FAA.
Furthermore, there is no intent to
require that this SME evaluation be

conducted annually, and the SOC that
confirms this SME assessment has taken
place will remain valid as long as the
stall model remains unmodified.

c. NSPM Process for Evaluating and
Accepting an SME Pilot

In the NPRM, the FAA proposed that
an SOC be provided to the FAA that
confirms that the FSTD has been
evaluated by an SME pilot. This
requirement was proposed to apply to
both newly qualified FSTDs as well as
previously qualified FSTDs that are
evaluated under the requirements of
FSTD Directive No. 2.

Delta and A4A requested clarification
on this process that the NSPM follows
to evaluate and accept an SME pilot.

As described in FSTD Directive No. 2
and Attachment 7 to Appendix A, the
process for the qualification of stall
maneuvers requires that the sponsor
submit an SOC to the NSPM confirming
that the FSTD has been evaluated by a
SME pilot with the required experience.
The NSPM will review this SOC to
verify that the evaluating SME pilot has
the required experience as specified in
the rule before issuing additional
qualification for full stall training tasks.
Additionally, requests for deviation
from the SME experience requirements
as described in Attachment 7 should be
submitted to the NSPM when requesting
additional qualification for full stall
training tasks. Where specific questions
arise, the NSPM will contact the
sponsor or data provider directly for
clarification.

7. Alignment With ICAO 9625, Edition
4, on Stall and Stick Pusher
Requirements

The FAA’s proposal for the stall and
stick pusher requirements were
primarily based upon the
recommendations from the SPAW ARC,
as well as other working groups such as
ICATEE and the LOCART working
group. After the FAA first initiated this
rulemaking, the ICATEE
recommendations that were considered
by the FAA in developing the proposal
were also considered by ICAO for
updating the ICAO 9625 document to
include FSTD evaluation standards for
stall and upset prevention and recovery
training.

The FAA received numerous
comments that some of the general
requirements and objective testing
requirements in the proposal did not
align with the ICAO 9625, Edition 4
requirements, which became available
following the publication of the NPRM.
A4A, Boeing, and an anonymous
commenter indicated that the stick
pusher requirements (Table A1A, Entry

No. 2.1.7.S) in the NPRM should be
relocated to the flight controls section
where they are more applicable. Boeing
and A4A also commented that the stall
buffet onset measurements in the stall
characteristics objective tests (Table
A2A, Entry No. 2.¢.8) are based upon
speed rather than AOA like ICAO 9625,
Edition 4. Delta, A4A, and an
anonymous commenter indicated that
the control force tolerances in the stall
characteristics test should be applicable
only to aircraft with reversible flight
control systems. Finally, A4A and
Boeing commented that the required test
conditions for the stall buffet motion
characteristics test (test 3.f.8 in Table
A2A of the NPRM) do not include the
same conditions as ICAO 9625, Edition
4.

The FAA was unable to fully
participate in the ICAO deliberations
due to ex parte concerns as the agency
was engaged in this rulemaking
proceeding. The FAA has had an
opportunity to review the final release
of the ICAO 9625, Edition 4, document
and has found that only minor
differences exist with regards to the stall
qualification requirements as compared
to the final rule. As such, in order to
maintain alignment with the ICAO
document as identified by the
commenters, the FAA has incorporated
the ICAO language into the final rule to
the maximum extent possible. The FAA
has amended the final rule by adopting
much of the ICAO language for high
AOA/stall modeling minimum
requirements (Table A1A, Entry No.
2.m. in the final rule) as well as the stall
characteristics objective test tolerances
and flight conditions (Table A2A, Entry
No. 2.c.8.a in the final rule).

The FAA did not, however, amend
the required conditions for the stall
buffet tests to align with the ICAO 9625
standard. As recommended by the
SPAW ARC report, stall buffet
evaluation should include a broader
range of flight conditions than what is
currently evaluated. The FAA has
determined that the inclusion of the
second segment climb condition is
important to evaluate the differences in
stall buffet vibrations at high power
settings, particularly for turboprop
airplanes. As a result, the FAA has
maintained this is as a required
condition for the stall buffet
characteristic vibrations test (Table
A2A, Entry No. 3.£.5).

While the FAA has aligned a majority
of the general requirements and the
objective testing requirements with the
ICAO document, specific differences
must be maintained in the final rule to
address comments received on the
proposal as well as retroactive FSTD
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evaluation requirements that are
required to support the mandated
training for United States (U.S.) air
carriers.

8. Requirements for Previously
Qualified FSTDs

a. Stall Buffet Objective Testing

In the proposal, the retroactive
requirements for previously qualified
FSTDs, as described in FSTD Directive
No. 2., did not include objective testing
for stall buffets.

Boeing, Delta, A4A, and an
anonymous commenter stated that the
general requirement and objective
testing requirements (Table A1A and
Table A2A, respectively) for stall buffet
vibration measurement state that these
tests are required for all FSTDs qualified
for stall training tasks. This is in conflict
with the proposed FSTD Directive No.
2, which specifically states that stall
buffet objective vibration testing is not
required for previously qualified FSTDs.

In recognizing the potentially high
cost of gathering additional flight test
validation data for stall buffets, the FAA
did not include this requirement in the
proposed FSTD Directive No. 2
retroactive requirements for previously
qualified FSTDs. Since changes to the
QPS tables are not typically applicable
to previously qualified FSTDs, changes
to Table A1A or Table A2A are not
necessary since all of the retroactive
requirements are defined in FSTD
Directive No. 2. The FAA has added
language in FSTD Directive No. 2 in the
final rule to clarify the retroactive
testing requirements.

b. FSTD Directive No. 2 and Grandfather
Rights

In FSTD Directive No. 2, previously
qualified FSTDs that will be used to
conduct full stall, UPRT, and other
specific training tasks will be required
to meet certain sections of the general
requirements, objective testing
requirements, and subjective testing
requirements of the updated QPS tables
in order to obtain qualification for these
training tasks.

A4A requested clarification on
whether FSTDs that are “upgraded” to
provide extended envelope training
would also have to comply with the
proposed ICAO alignment requirements
as well (such as the new visual display
system requirements). American and
A4A further noted that some sections
within the QPS tables appear to have
been mistakenly applied to all
simulators instead of those qualified
after the effective date of the final rule.

The FAA notes that the only new QPS
requirements applicable for previously

qualified FSTDs are those that are
described in FSTD Directive No. 2. As
described in § 60.17 and paragraph 13 of
Appendix A, previously qualified
FSTDs will continue to hold grandfather
rights and the changes to the QPS tables
will not generally be applicable to
previously qualified devices unless
specifically stated in an FSTD Directive.
The FAA has reviewed FSTD Directive
No. 2 and made amendments in the
final rule to clarify which sections of the
QPS appendices will be applicable to
previously qualified devices.

The FAA further notes that an
“upgrade,” as defined by part 60, is an
“improvement or enhancement of an
FSTD for the purpose of achieving a
higher qualification level.” FSTDs that
are upgraded in qualification level will
generally have to comply with the
standard that is in effect at the time of
the upgrade. It is important to note,
however, that compliance with FSTD
Directive No. 2 does not require a
change in qualification level and is not
considered an “upgrade” under part 60.
As aresult, the other changes made to
the QPS appendices, including the
general changes made to align with the
ICAO document, will not be applicable
to previously qualified FSTDs unless
upgrading in FSTD qualification level.

9. Applicability of Stall and UPRT
Requirements on Newly Qualified
FSTDs

In the NPRM, the FAA proposed that
the minimum requirements for the
evaluation of full stall maneuvers and
UPRT maneuvers would be applicable
for all fixed wing Level C and Level D
FSTDs that are initially qualified after
the final rule becomes effective.

Dassault commented that while UPRT
and full stall training will become
mandatory for part 121 operators, it is
not clear if this applies to part 135 and
part 91 operators as well. Dassault
further questioned whether the objective
testing requirements for full stall
maneuvers would be required for an
FSTD that will not be used for full stall
training. Finally, Dassault commented
that they would prefer the requirements
to be applied to new or modified aircraft
types instead of new FSTDs since this
would allow collecting necessary data at
the time of the type certification flight
tests.

CAE made similar comments that
point out that the FSTD Directive (for
previously qualified devices) is only
applicable for those FSTDs that will be
used to conduct such (UPRT and stall)
training, however, the requirements in
the QPS appendices are mandatory for
newly qualified FSTDs regardless of
whether they are used in an air carrier

or a non-air carrier training program.
CAE recommended that operators of
newly qualified FSTDs (that are initially
qualified after the final rule becomes
effective) who are not subject to the
Crewmember and Aircraft Dispatcher
Training final rule should also be given
the same option on whether or not to
invest in the additional features that
support extended envelope and other
tasks as required under the final rule.
CAE further stated that this would
provide an option to those operators
who may have multiple devices to limit
such updates to certain equipment that
will be utilized to conduct such
training.

FAA agrees with the commenters that
the requirement for FSTD modifications
and data collection should not be
imposed on sponsors who will not use
those FSTDs to conduct full stall
training and have no mandate to
conduct such training. Similar to the
FSTD Directive for previously qualified
FSTDs, the FAA has amended the final
rule to make the qualification of full
stall maneuvers optional for newly
qualified FSTDs. This will allow
flexibility for operators to decide how
many FSTDs need to be evaluated for
full stall maneuvers to support training
requirements.

FAA has, however, maintained the
minimum requirements for UPRT
evaluation on newly qualified Level C
and Level D FFSs. The FAA has
estimated that the addition of such I0S
feedback tools to support UPRT would
add little to no incremental cost to that
of a newly qualified FSTD and will
enhance instructor awareness in support
of the existing part 60 unusual attitude
qualification requirement.1?

In order to ensure that only FFSs that
are evaluated and qualified for stall
training tasks are used for such training,
compliance with the stall and UPRT
evaluation requirements will be tracked
by the FAA through modifications to the
FSTD’s Statement of Qualification

(SOQ).

10. General Comments on Stall
Requirements

a. Testing and Checking of Stall
Maneuvers

Boeing commented that stall training
beyond the stick shaker activation does
not require testing or checking in part
121 and references made to testing and
checking in FSTD Directive No. 2
should be removed.

1714 CFR part 60, Appendix A, Table A1B, Entry
No. 3.f., “Recovery From Unusual Attitudes”. This
minimum qualification requirement covers
maneuvers that are ‘“within the normal flight
envelope supported by applicable simulation
validation data.”
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FAA agrees with Boeing’s comment
and has modified the language in FSTD
Directive No. 2 accordingly.

b. Interim FSTD Qualification for Stall
Training

A4A commented that the FSTD
Directive (for previously qualified
FSTDs) requires evaluation by the
NSPM for additional qualification and
should allow a draft SOQ to be issued
until the next scheduled evaluation.

FAA notes that FSTD Directive No. 2
does not require an update to the
FSTD’s permanent SOQ before stall
training can be conducted in an FAA
approved training program. A positive
response from the NSPM to the FSTD
modification notification confirming
that the requirements of the Directive
have been met will, in most cases, serve
as an interim update to the FSTD’s SOQ
until the next scheduled FSTD
evaluation. In some instances, however,
additional FSTD evaluations conducted
by the FAA may be required before the
modified FSTD is placed into service.
FAA has added clarifying language to
the FSTD Directive that this response
will serve as interim FSTD qualification
for stall training tasks until the next
scheduled FSTD evaluation where
additional FSTD evaluations conducted
by the FAA have been determined to not
be required.

c. Aerodynamic Modeling
Considerations

Frasca International (Frasca)
commented that AOA rate is a
significant contributor to stall behavior
and should be considered as part of the
requirement for aerodynamic stall
modeling. FAA agrees with Frasca’s
comment and has added AOA rate to
the list of aerodynamic modeling
considerations in Attachment 7.

B. Evaluation Requirements for Upset
Prevention and Recovery Training Tasks

In order to support UPRT that was
introduced in the Crewmember and
Aircraft Dispatcher Training final rule,
the FAA proposed new FSTD evaluation
requirements for these training tasks.
The proposed requirements were based
upon recommendations from the
LOCART and ICATEE working groups
as well as from the guidance in the
Airplane Upset Recovery Training Aid
(AURTA), and included new standards
to better define the FSTD’s aerodynamic
validation envelope. The proposal also
included requirements to improve the
feedback at the instructor operating
station (IOS) concerning the FSTD
validation envelope limits, aircraft
operational limits, and flight control
inputs by the trainee.

1. UPRT Qualification on Lower Level
FSTDs

In the NPRM, the FAA proposed
minimum qualification requirements for
full stall and UPRT in the newly defined
Level 7 flight training device (FTD)
(Table B1A of Appendix B).

TRU Simulation and A4A commented
that the proposal requires extended
envelope modeling for the Level 7 FTD,
but the part 121 training requirements
have a minimum requirement that this
training must be conducted in a Level
C or higher simulator. In addition, A4A
commented that this is inconsistent
with ICAO 9625, Edition 4, where UPRT
training is only qualified on a Type VII
device. Finally, Air Line Pilots
Association, International (ALPA)
commented that training could be
negatively impacted if allowed to be
conducted on a Level A or Level B FFS
as the proposal states and this is
inconsistent with the recommendations
of the SPAW ARC.

FAA agrees with A4A and TRU
Simulation regarding UPRT
qualification on a Level 7 FTD. This was
an error in the proposal and the FAA
has amended the final rule to remove
minimum qualification requirements for
both full stall and UPRT on the Level 7
FTD.

The FAA has reconsidered the
qualification of Level A and Level B
FFSs for UPRT tasks that involve no
bank angle excursions, such as nose-
high or nose-low upsets, as defined in
the NPRM, and amended the final rule
by removing references to full stall and
UPRT evaluation requirements for Level
A and Level B FFSs in the FSTD
Directive.

The FAA notes that the primary
differences between the Level A and
Level B minimum qualification
requirements compared to the Level C
and Level D qualification requirements
are generally limited to ground reaction
modeling, visual system field of view
requirements, and minimum motion
cueing requirements. The ground
reaction modeling requirements have no
impact on UPRT or stall training given
that training is typically conducted well
outside of ground effect. There are
significant differences in the motion
cueing abilities between Level A and
Level B FFSs versus Level C and Level
D FFSs that impact the ability for
effective full stall and upset training to
be conducted in the lower level devices.
Level A and Level B FFSs have a 3
degree-of-freedom (DOF) motion cueing
system compared to the 6-DOF motion
cueing requirement for Level C and
Level D FFSs. Typically, a 3-DOF
motion cueing system includes motion

cues in the pitch, roll, and heave axes.18
For wings-level maneuvers, such as the
nose-high or nose-low upsets, the
dominant motion cues during the
stimulation of such an upset will
typically be limited to the pitch and
heave axis with little activity in the
other axes. Because there may be
considerable variation in how each pilot
responds to an upset in training, other
cues may be introduced during the
recovery maneuver that are outside of
the capability of a Level A or Level B
FFS. Furthermore, a wings-level stall
entry may result in considerable lateral-
directional accelerations on airplanes
that are unstable at the stall. These cues
will generally be outside the capability
for a Level A or Level B FFS with a 3—
DOF motion cueing platform to
reproduce; therefore, evaluation of full
stall and upset in these devices would
not be appropriate in most cases.

FAA adds that while the qualification
of extended envelope training tasks will
generally be applicable only to Level C
and Level D simulators, operators of
other FFSs have the option to apply for
FAA consideration of a deviation from
the use of a Level C or Level D simulator
for extended envelope training tasks as
described in §121.423(e). Since the
approval of such a deviation will be
linked to the training program and the
alternate means that are proposed to
achieve the required learning objectives,
approvals to deviate from the Level C or
higher requirements in § 121.423 will
have to be reviewed on a case-by-case
basis under the deviation authority.

2. Record and Playback Requirements
for UPRT

In its proposal, the FAA included
minimum requirements for a means to
record and playback audio and video as
well as a means to record and playback
certain parameters for the qualification
of UPRT maneuvers.

American, Boeing, Delta, A4A, FedEXx,
JetBlue, and an anonymous commenter
stated that the requirement for record
and playback functionality is outside
the scope of the part 60 rule and does
not provide additional benefits to the
training scenario. While the commenters
generally agreed with having parameters
available to the instructor during the
scenario, such as the aerodynamic
validation envelope and the aircraft
operational limits, the recording and
playback of parameters, particularly the
recording and playback of audio and
video, should be left to the discretion of
the operator. Both ALPA and A4A
further commented that there are union
and collective bargaining agreements to

18 See 14 CFR part 60, Table A1A, entry 5.b.
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consider with videotaping flight crews
in training. Additionally, several
commenters noted that there is a high
cost burden with requiring the audio
and video playback functionality and
the requirement should be removed.

The FAA has reconsidered the
instructor feedback requirements and
agrees with the commenters that
effective UPRT can be conducted
without audio and video playback
capabilities or with the use of an
instructor off-board debriefing system
located outside of the simulator for the
purposes of replaying the training
scenario after its conclusion. While the
use of off-board debriefing tools and
audio/video playback may enhance
such training, the FAA recognizes that
operators can still conduct effective
training without them and has amended
the final rule to remove the audio and
video record and playback
requirements.

3. Instructor Operating Station (IOS)
Requirements

In the NPRM, the FAA proposed
minimum requirements for a feedback
mechanism, located on the IOS and
available to the instructor, that provides
a minimum set of parameters to display
to determine expected FSTD fidelity,
aircraft structural/performance
limitations, and student flight control
inputs. The FAA provided example I0OS
feedback displays in the information
section of Attachment 7 to Appendix A.
The proposal also included
requirements for features or
malfunctions to support the training of
crew awareness, recognition, and
recovery from an aircraft upset.

American and A4A commented that
the UPRT requirements for upset
“awareness’’ and “‘recognition” features
and/or malfunctions are outside of the
scope of the rule and emphasis should
be placed on recovery from an upset.
JetBlue made similar comments on this
topic. Boeing further commented that
how the training requirements are met
should be at the discretion of the
training program and is not pertinent to
FSTD qualification. Since these features
are not prescribed, they should appear
in the information/notes column and
not in the requirements column of Table
A1A. Frasca additionally questioned
what would be some examples of
relevant data sources with respect to
externally driven upset scenarios.

Regarding the IOS requirement to
display “Cl-max”, A4A, Boeing, and an
anonymous commenter stated that “Cl-
max” is not an explicit output of most
aerodynamic models and is not
available for plotting on the IOS display.
Similar comments concerning the use of

“Cl-max’’ as an example of a limit were
made by the NTSB. Boeing and
FlightSafety also recommended
changing the I0S feedback requirement
from showing “aircraft structural/
performance limitations” to showing
“aircraft operating limits”. FlightSafety
further commented that aircraft
structural and performance limitations
are not likely to be known or provided
to simulator manufacturers or operators.
Delta commented that as an alternative
to the record and playback
functionality, enhancing existing IOS
functionality to include “FSTD crash”
and freeze when g-load or control input
parameters are exceeded would provide
immediate information to the instructor.
UPS made similar comments in that a
flag could be added to the IOS for
envelope excursion and a maximum
load indication and that other feedback
mechanisms are cost prohibitive and not
needed.

The FAA agrees with the commenters
in that mandating specific features and
malfunctions to drive upset scenarios is
generally outside the scope of part 60
and has removed these requirements in
the final rule. The FAA further notes
that specific guidance material on
developing UPRT scenarios has been
published as part of Advisory Circular
(AC) 120-111, Upset Prevention and
Recovery Training.

The FAA maintains that minimum
feedback requirements have been found
necessary to provide meaningful
information to the instructor in training
and evaluating pilots in UPRT
maneuvers. The FAA recognizes that
FSTD sponsors and operators may have
other means to display this information
and the example I0S displays provided
in Attachment 7 are included in an
information section as guidance
material and are intended to be
examples that could be used if desired.
Digital or discrete I0S feedback
mechanisms may prove to be acceptable
for some or all parameters as Delta and
UPS have suggested and, consequently,
the FAA has not mandated a particular
solution. The FAA has amended the
final rule to allow FSTD sponsors the
discretion to determine a feedback
mechanism design that provides the
required parameters needed for UPRT
and supports their particular training
programs and FSTD capabilities.

The FAA has further amended the
final rule to remove the “structural/
performance limitations” terminology
and replaced it with “aircraft
operational limitations’ as suggested by
the commenters. Additionally, the FAA
has removed the feedback parameter,
“Cl-max”" as suggested by the
commenters and replaced it with “stall

speed” and “‘stall identification angle of
attack” since these are more useful
parameters for instructors to directly
provide feedback to crew members
when conducting UPRT and stall
maneuvers.

4. Aerodynamic Source Data and Range
of the FSTD Validation Envelope

a. FSTD Validation Envelope and
Training Maneuvers

In the NPRM, the FAA proposed
requirements to define the limits of the
FSTD’s validation envelope and test the
FSTD against a minimum set of
standard upset recovery maneuvers as
defined in the AURTA.

Boeing, A4A, and an anonymous
commenter stated that the term
“extended envelope” in the general
requirements is redundant because
“modeling to the extent
necessary. . . .” defines the
requirement adequately. Boeing further
commented that this phrase is a
misnomer and implies that the flight
model may need to be extended. For
some upset recovery training, the
existing model may be sufficient to
support the training needs. A4A made
similar comments stating that its
experience has shown that the current
data appears to be sufficient for
conducting upset recovery training.

Airbus further commented that the
evaluation of the FSTD should take into
consideration the training practices
recommended by the aircraft OEM. An
anonymous commenter additionally
stated that it is imperative that the
validation limits are defined by the
aerodynamic data provider since they
are the only credible source for these
limits.

FAA agrees that the term, “extended
envelope” may be redundant in this
particular context and has amended the
final rule accordingly. The FAA
recognizes that many aerodynamic
models on existing FSTDs may
currently be capable of conducting
UPRT maneuvers within their AOA
versus sideslip validation envelope with
no need to be extended further as the
commenters suggest. However, the range
of validation envelopes can vary
significantly between FSTDs as a
function of the extent of flight test data,
wind tunnel data, and other data used
to develop the model. Since those
validation envelopes have not been
transmitted by the data providers to the
FSTD operators in most cases, the FAA
has determined that the comments are
unsupported and have concluded that
operators need to obtain the validation
envelopes and ensure that their training
maneuvers remain within them.
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The FAA agrees with Airbus in that
the evaluation of the FSTD should
consider the training that will be
conducted in the device. However, this
rulemaking only addresses FSTD
qualification standards and the FSTD
evaluation requirements were primarily
developed to support training as
required by the Crewmember and
Aircraft Dispatcher Training final rule
and public law. In developing the FSTD
evaluation standards for UPRT, the
SPAW ARC recommendations, as well
as the AURTA recommendations, were
reviewed to define a standard set of
upset recovery maneuvers that were
needed to minimally qualify an FSTD
for such training. This set of maneuvers
is considered to be the minimum
required for FSTD qualification that will
provide a baseline evaluation of the
FSTD’s capabilities to conduct UPRT,
but in no way limits an FSTD sponsor’s
decisions concerning which upset
recovery maneuvers they incorporate
into their training programs.

The FAA further notes that the
qualification requirements for UPRT in
this final rule exceeds the current part
60 FSTD qualification requirement for
“recoveries from unusual attitudes”
which limits maneuvers to “within the
normal flight envelope supported by
applicable simulation validation
data.” 19 If a training provider,
regardless of operational rule part,
performs unusual attitude training 2°
maneuvers that exceed the parameters
that define an aircraft upset, that FSTD
must be evaluated and qualified for
UPRT. The FAA does not believe this
will impose an additional cost burden
on sponsors of previously qualified
FSTDs since UPRT qualification is only
required if the training provider chooses
to conduct unusual attitude training that
exceeds the defined upset conditions.

The FAA generally agrees that the
validation limits are best defined by the
aerodynamic data provider and has
provided clarification in Attachment 7
in Appendix A of the final rule;
however, there may be instances where
the original aerodynamic data provider
cannot directly provide this information
(the original data provider is either no
longer in business or no longer supports
the model) and the FSTD sponsor must
determine the validation envelope using
data supplied with the original
aerodynamic data package. The FSTD
sponsor will be required to define such

1914 CFR part 60, Appendix A, Table A1B, Entry
No. 3.f., “Recovery From Unusual Attitudes”.

20 Unusual attitude training is required training
for an instrument rating, an airline transport pilot
certificate, and an aircraft type rating.

aerodynamic data sources in the
required SOC.

b. Expansion of the FSTD Validation
Envelope Using Existing Flight Test
Data

In the existing part 60 rule, the
objective testing requirements found in
Attachment 2 of Appendix A requires
that testing be conducted in weights and
centers of gravity (CG) conditions that
are typical of normal operations.
Furthermore, where such testing is
conducted at one extreme weight or CG
condition, a second test must be
provided at “mid-conditions” or as
close as possible to the other extreme
condition.

Airbus and Boeing commented that
the existing part 60 requirement for
objective testing to be predominately
conducted in mid-weight/mid-CG flight
conditions is outdated and a wider
coverage of the alpha/beta (e.g., AOA
versus sideslip) envelope may be
accomplished using critical flight
conditions testing during aircraft
certification at extreme weight and CG
combinations. Boeing additionally
stated that while the current regulation
supports this, it requires testing at the
opposite extreme conditions which
increases the burden on the sponsor.
Airbus additionally commented that
there is no need to have a global
requirement for this because the weight/
CG requirements can be specified for
each test where relevant. CAE made
similar comments on this issue.

FAA agrees with the commenters and
supports allowing flexibility in
providing the best range of data to
support not only extended envelope
training, but all training conducted in
an FSTD. Where weight and CG
configuration is critical for validating a
particular flight maneuver (such as in
some of the takeoff objective tests),
those conditions are described as a test
requirement for that particular test. In
general, the FAA recognizes that weight
and CG effects on the aerodynamic
model are well known and requiring
redundant test conditions at varying
weight and CG ranges has questionable
benefit for FSTD validation in some
required objective tests. The FAA has
amended the final rule as recommended
by the commenters to allow for greater
flexibility in determining appropriate
weight and CG conditions for some of
the required objective tests that do not
have specific requirements contained
within Table A2A.

5. General Comments on UPRT

a. FSTD Qualification and FAA
Oversight

ALPA commented that while they
support the requirements associated
with the simulator providing feedback
to the instructors and evaluators, they
believe that only simulators that can
perform all aspects of the new training
required in the Crewmember and
Aircraft Dispatcher Training final rule
should be qualified. In addition, ALPA
further stated that since the proposed
rule only requires FSTD evaluation for
those FSTDs used to conduct the
additional training tasks, a robust
oversight system will be needed to
ensure that only the simulators qualified
for this training are used in the required
training.

In developing the proposed
requirements in the NPRM, the FAA
considered the economic costs and
benefits of mandating FSTD
modifications and evaluations to
support training requirements. With the
considerable cost in the implementation
of new aerodynamic stall models on
previously qualified FSTDs, the FAA
could not justify imposing this cost on
FSTD sponsors who currently do not
have a mandate to conduct such
training. Furthermore, the FAA
determined that some FSTD sponsors
that do have a training mandate for stall
and UPRT may realize some cost
savings by not having to qualify all of
their FSTDs where the training can be
accomplished on a lesser number of
devices. Finally, with the large number
of FSTDs that will require evaluation to
meet the part 121 compliance date of
March 2019, this may provide some
practical relief in having to qualify all
FSTDs within a relatively short amount
of time.

The FAA appreciates ALPA’s concern
for proper FAA oversight to ensure that
the FSTDs are evaluated and qualified
before extended envelope training is
conducted. The FAA notes that an
oversight system to track FSTD
qualifications is already in place with
the list of qualified tasks that is
currently required on the part 60
required SOQ for all FAA qualified
FSTDs.21 In the final rule, the FAA
maintained the requirement in FSTD
Directive No. 2 that the individual
training tasks are to be reflected on the
FSTD’s SOQ once qualified. The FSTD’s
SOQ will then serve as a tracking
mechanism to ensure the FSTD has been
properly evaluated and qualified by the
FAA NSP to conduct the individual
training tasks. Furthermore, the FAA

21 See §60.17(b)
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will coordinate internally with Principal
Operations Inspectors (POIs) to ensure
that only FSTDs that are qualified in
accordance with FSTD Directive No. 2
are approved for use in training those
specific tasks as part of an FAA
approved training program.

b. Maintenance Concerns

A4A commented that further testing is
needed to ensure that the reliability and
availability of FSTDs due to
maintenance issues is unchanged with
the addition of UPRT training.

The potential for stall vibrations to
cause FSTD maintenance issues has
been acknowledged and discussed in a
previous section on stall buffet. The
FAA acknowledges that conducting
UPRT maneuvers in an FSTD can
produce significant motion system
excursions, however, the FAA is not
aware of any evidence that the addition
of general UPRT maneuvers will
introduce significant maintenance
issues that would affect the overall
reliability and availability of an FSTD
beyond what is normally seen in
existing training. As with motion system
tuning in general, the FAA expects that
FSTD sponsors will employ limits and
protections within their motion system
hardware and software that will protect
the FSTD from dangerous excursions
that could damage the FSTD’s
equipment or injure its occupants. The
exposure to stall buffet likely has the
greatest potential for affecting an FSTD’s
reliability and the FAA has addressed
this issue in the stall requirements
sections.

C. Evaluation Requirements for Engine
and Airframe Icing Training Tasks

In the NPRM, the FAA proposed
changes to the general requirements for
engine and airframe icing qualification
as well as adding a new objective
demonstration test for ice accretion
effects for newly qualified FSTDs. The
changes were based upon new icing
requirements in the ICAO 9625
document, as well as recommendations
made by the SPAW ARC, and were
intended to improve upon the existing
engine and airframe icing requirements
in part 60. The proposed changes
focused on requirements for improved
ice accretion models that represent the
aerodynamic effects of icing rather than
estimating icing effects through gross
weight increments.

1. Objective Demonstration Testing

a. Objective Demonstration Testing for
Previously Qualified FSTDs

In the proposal, the FAA introduced
new objective testing requirements for
the demonstration of icing effects on

Level C and Level D FFSs. The objective
tests are intended to demonstrate that
the aerodynamic effects of ice accretion
are present in the simulation with the
icing model active as compared to the
simulation where no ice is present. Due
to the potential cost impact for
previously qualified FSTDs, these tests
were not retroactively required in FSTD
Directive No. 2.

Boeing commented that the objective
demonstration test for engine and
airframe icing is not required in FSTD
Directive No. 2 (for previously qualified
FSTDs) and recommended that text
should be added to Table A2A (Entry
No. 2.i.) to clarify that this test is not
required for previously qualified FSTDs.

FAA agrees with Boeing in that this
demonstration test for engine and
airframe icing is not required for
previously qualified FSTDs and has
added clarifying language in FSTD
Directive No. 2. As with comments in
previous sections concerning stall buffet
testing, previously qualified FSTDs will
maintain grandfather rights and the
modifications to Table A2A will
generally not be applicable to
previously qualified FSTDs unless
specified in an FSTD Directive. As a
result, FAA has not added additional
text in Table A2A concerning
previously qualified FSTDs because it
will be adequately addressed in the
FSTD Directive.

b. Icing Effects and Recognition Cues

In the proposed icing effects objective
demonstration test, the FAA included
specific icing effects that may be present
and evaluated as applicable to the
particular airplane type. This list
included both aerodynamic effects of ice
accretion as well as engine effects that
may also be present with the icing
model activated in the simulation.

Boeing commented that the objective
demonstration test for icing includes
engine effects, but the general
requirement for icing does not
specifically identify engine effects and
this should be removed from the
objective testing requirement. An
anonymous commenter stated that it
may be necessary to show engine effects
and airframe effects of icing separately
because the test will not differentiate
between thrust losses and drag
increases. Another anonymous
commenter pointed out that changes in
control effectiveness and control forces
are limited mainly to reversible systems
on certain airframe configurations and
the FSTD should only introduce these
changes when they are representative of
the specific make and model of aircraft.
Additionally, an anonymous commenter
stated that there is “very little guidance

on what engine icing effects should be
represented and most manufacturers
state there are little effects on engine
indications for current turbofans. Based
upon the data we do have for engine
inlet icing, the effects are often very
subtle, yet the requirements seem to ask
for something more dramatic. If we
modify our icing models to favor
dramatic effects, do we risk training
pilots to miss looking for the subtle
indications?”

Concerning Boeing’s comment, the
general requirement for engine and
airframe icing (Table A1A, Entry No.
2.j.) does include modeling the effects of
icing on the engine, where appropriate,
as does the current requirement in part
60. While the information section in the
demonstration test does state
“aerodynamic parameters,” the intent of
the test is to demonstrate the effects of
the icing model integrated into the
simulation. If the sponsor designated
icing model used for the demonstration
test has an effect on relevant engine
parameters (such as thrust reduction or
other effects), these effects should also
be shown as part of the test. FAA has
amended the test details in the table to
clarify this. Other icing models that may
be optionally developed by the FSTD
sponsor to train recognition of engine
effects due to icing will not require
separate objective demonstration
testing.

The FAA agrees that icing effects
should only be introduced where
representative of the specific make and
model of aircraft and has clarified this
in Table A2A (test 2.i.) and Attachment
7 of the final rule. The FAA does not
intend for a simulator operator to
artificially insert dramatic icing effects
that are not representative of the
aircraft. While the FAA is aware that the
cues of ice accretion can vary
significantly depending upon the nature
of the icing event and the aircraft’s
characteristics, the icing models
developed for simulation and training
purposes should support the general
recognition of icing cues that are typical
for the aircraft being simulated.

2. Requirements for Lower Level FTDs

In the NPRM, the FAA proposed
general requirements and objective
demonstration testing for engine and
airframe icing as part of the new Level
7 FTD requirements in Appendix B.

TRU Simulation commented that in
the proposal for ICAO 9625, Edition 4,
only a Type VII is allowed for use in
UPRT and this item (icing) is identified
as only being required on devices where
UPRT will be trained. TRU Simulation
requested that the FAA confirm
applicability on a Level 7 FTD and
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remove the requirement if not. TRU
Simulation and A4A further commented
that the objective demonstration test for
icing is not required for an ICAO 9625
Type V device and should be removed
from the Level 7 FTD requirements.
TRU Simulation and A4A additionally
commented that a new requirement for
Level 6 FTD was introduced to have the
anti-icing system operate with
appropriate effects upon ice formation
on airframe, engines, and instrument
Sensors.

FAA reviewed ICAO 9625 Edition 4
and found that the general requirement
for the modeling of icing (Appendix A,
Entry No. 2.1.S.e.) is a minimum
requirement for an ICAO 9625 Type V
device and has therefore maintained
this requirement for the FAA Level 7
FTD. FAA confirms that the objective
demonstration testing for icing is not
required for an ICAO 9625 Type V
device and therefore has removed this
requirement for the FAA Level 7 FTD in
Table B2A to maintain consistency with
the ICAO document.

Regarding the addition of anti-icing
effects to a Level 6 FTD, FAA has
removed the ICAO numbering system in
the general requirements table that was
published with the NPRM and restored
the existing part 60 requirements for
Level 6 FTDs. The FAA notes, however,
that the existing part 60 functions and
subjective testing requirements for Level
6 FTDs includes “operations during
icing conditions’” and “effects of
airframe/engine icing” in Table B3A of
Appendix B. The FAA has not changed
these requirements in the final rule.

3. Existing Engine and Airframe Icing
Requirements in Part 60

In the existing part 60, the subjective
evaluation requirements in Appendix A
includes a table of special effects (Table
A3F) that contains additional
requirements for the qualification of
engine and airframe icing. In the NPRM,
the FAA maintained this table with no
changes to it.

Boeing, A4A, and NTSB commented
that the requirements for icing
evaluation in Table A3F (special effects)
include the evaluation of increased
gross weight due to ice accumulation.
The commenters noted that the pilot has
no means to recognize if the simulated
aircraft’s weight has increased and an
increased gross weight due to ice
accumulation is typically an
insignificant effect of icing. Boeing
further commented that this test
requires a “nominal altitude and cruise
airspeed and is likely to result in a flight
condition where icing does not occur for
large commercial transport category
airplanes. This flight condition will also

likely result in trimming at a low AOA
where the effects of ice, even with the
anti-ice system deactivated, are small (a
few tenths change in pitch attitude or a
few percent change in thrust to maintain
level flight). In the lower AOA range,
the aerodynamic effects of ice are
relatively small. For large commercial
transports one might expect to see a few
tenths of a degree change in pitch
attitude or a few percent change in
thrust to maintain level flight with the
addition of ice. This proposed new test
will likely result in generating
unnecessary questions when the
expected (larger) results are not seen.”

FAA agrees with the commenters and
has removed references to increased
gross weight in the final rule as that
table entry for icing special effects
(Table A3F, Entry No. 2) was
inadvertently retained in the proposal.
Furthermore, the FAA has amended this
table to remove the “nominal altitude
and cruise airspeed” requirement and
made additional changes to better align
this section with the general
requirements for engine and airframe
icing in Table A1A, Entry No. 2.j.

4. Applicability in Training Programs

In the NPRM, the proposed updated
requirements for engine and airframe
icing were applied to all Level C and
Level D FFSs, regardless of the type of
aircraft or operator. This is consistent
with the engine and airframe icing
requirements in the existing part 60 and
previous FSTD evaluation standards.
The FAA notes that “engine and
airframe icing” simulation is not a new
FSTD qualification requirement that
was introduced by this rulemaking. In
fact, the “effects of airframe icing” has
been a minimum FSTD qualification
requirement for Level D (Phase III) FFSs
since the publication of AC 121-14C,
Aircraft Simulator and Visual System
Evaluation and Approval, published in
1980. Similarly, the “effects of airframe
and engine icing” is currently an FSTD
qualification requirement in the existing
part 60 rule (published in 2008) for
Level C and Level D FFSs.

Delta commented that the de-icing
and anti-icing systems are very effective
on turbojet airplanes. The accidents
referenced in NTSB reports are
turboprops with significantly less
performance available. Delta added
there are no useful training objectives to
be taught to pilots of commercial
turbojet airplanes in icing conditions.
A4A commented that stall ice effects are
not required by Public Law 111-216 or
the Crewmember and Aircraft
Dispatcher Training final rule and
should be deleted from this final rule.
Delta, A4A, and FlightSafety further

questioned whether the FAA has a
specific list of airframes that are
impacted by icing or are vulnerable to
a specific type of ice accretion.

The FAA points out that Section
208(b)(1) of Public Law 111-216
addressed increasing the familiarity of
flight crewmembers with, and
improving the response of flight
crewmembers to icing conditions.
However, irrespective of statutory
direction, the FAA believes the
understanding of the effects of icing on
aircraft performance is essential for
professional crewmembers particularly
as it relates to stall AOA.

The FAA agrees with Delta that de-
icing and anti-icing systems are
generally very effective on turbojet
airplanes. However, every airplane is
susceptible to icing to some extent and
therefore, there are useful training
objectives to be taught to pilots of
turbojet aircraft. While the FAA
recognizes that turboprop airplanes are
generally more susceptible to ice
accretion, accidents and incidents on
turbojet aircraft have occurred in the
past. In the case of the Circuit City
Cessna 560 (a turbojet aircraft) accident
in Pueblo, Colorado on February 16,
2005,22 the flight crew did not comply
with de-icing procedures during
approach which led to an aerodynamic
stall from which they did not recover.
While it is unknown if the crew
recognized the effects of icing before the
aerodynamic stall occurred, enhanced
simulator training on de-icing and/or
anti-icing procedures with
representative effects of ice accretion
may have increased their awareness that
ice accretion was occurring.

With respect to engines, while
turboprop and propeller aircraft engines
are generally more susceptible to the
effects of ice accretion than turbojet
engines, power loss events due to core
icing have been known to occur on
multiple models of aircraft and engines
(including large turbojet aircraft). In
research conducted in 2009, it was
found that engine power loss events due
to ice accretion were occurring at a rate
of about one event every 4 months.23
While these events often occurred in
conditions that pilots considered benign
with no airframe ice accreted, there
were recognition cues present and it
was noted that each engine appeared to

22 Crash During Approach to Landing; Circuit
City Stores, Inc.; Cessna Citation 560, Pueblo,
Colorado, February 16, 2005. Accident Report
NTSB/AAR-07/02. National Transportation Safety
Board.

23 Mason, J., “Current Perspectives on Jet Engine
Power Loss in Ice Crystal Conditions: Engine Icing,”
Presentation at 2008 AIAA Atmospheric and Space
Environments, June 23rd, 2009.
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have a different manifestation of the
icing event. While this final rule does
not require specific engine icing models
such as these, providing flight crews
with representative cues of engine icing,
where present during a typical in-flight
ice accretion event, could aid in its
recognition during line operations.

The FAA has not prescribed specific
types of ice accretion models to be
implemented in the final rule. The
intent is to provide flight crews with
representative recognition cues of ice
accretion for the aircraft being
simulated. Where the accident and
incident record indicates that a
particular airframe may be susceptible
to a particular type of ice accretion, the
simulation of the cues associated with
that type of icing should be considered
when developing a representative icing
model. While the accident record has
some general examples of this (such as
supercooled large droplet icing or
tailplane icing on some aircraft), the
aircraft manufacturer will likely be the
best source of information as to a
particular type of icing scenario that
may enhance training in recognizing
and exiting icing conditions for that
aircraft.

5. Data Sources and Tuning of Ice
Accretion Models

In the proposal, the FAA introduced
updated engine and airframe icing
requirements that included a
requirement to use ‘“‘aircraft OEM data
or other acceptable analytical methods”
to develop ice accretion models.

An anonymous commenter stated that
the cost of purchasing icing data, if it
exists, could be prohibitive. Due to the
availability of SME’s who have flown
the subject aircraft in icing conditions,
the requirement should allow SME pilot
validation of icing models. Both A4A
and CAE made similar comments that
some SME pilot tuning and validation of
icing models should be allowed in the
requirements.

Dassault further commented that
flight test data obtained through the
aircraft certification process is limited
with larger amounts of ice accretion.
Engineering tests might be conducted in
those conditions; however, Dassault
claimed it would be unable to provide
an SOC because there is no flight test
data to support it.

The FAA maintains that icing models
may be developed using analytical or
other engineering methods,
incorporating flight test data where
available. This process may include
supplemental SME pilot assessment to
tune and subjectively validate the
models. Furthermore, the objective
demonstration test does not require the

use of flight test data or other data to
validate the model. The demonstration
test is for the purpose of demonstrating
that the expected icing recognition cues
are present as compared to the
simulation with no ice present. The
FAA has added clarifying language in
Table A1A and Attachment 7.

The FAA agrees with Dassault that
flight test data gathered during the
aircraft certification process will
generally be limited to ice shape testing
conducted to demonstrate performance
limits. Like the current part 60
requirements for the simulation of
airframe and engine icing, engineering
and analytical methods may be used to
develop representative icing models that
support the intended training objectives.
While the use of flight test data would
certainly assist in developing such
models, engineering analysis supported
with subjective assessment and tuning
of the icing models for the expected
recognition cues will be acceptable in
lieu of flight test developed models and
should not be as costly.

D. Evaluation Requirements for Takeoff
and Landing in Gusting Crosswinds

In order to support the new gusting
crosswind training requirements in the
Crewmember and Aircraft Dispatcher
Training final rule, the FAA proposed
new minimum requirements for Levels
A, B, C, and D FFSs to include the
programming of realistic gusting
crosswind profiles. The FAA notes that
in the existing part 60 and previous
FSTD evaluation standards, there is no
requirement for any FSTD to simulate
gusting crosswinds. These proposed
requirements also included updated
ground handling characteristics to be
evaluated with crosswinds and gusting
crosswinds up to the aircraft’s
maximum demonstrated crosswind
component. The FAA further included
guidance material in the information
section of the proposal that
recommended the use of the Windshear
Training Aid or other acceptable source
data in the development of the gusting
crosswind profiles.

1. Applicability on Lower Level FSTDs

In the proposal, FSTD evaluation
requirements for gusting crosswind
profiles were made applicable for all
FFS levels in Appendix A as well as the
Level 7 FTD defined in Appendix B.

TRU Simulation and A4A commented
that a new gusting crosswind
requirement was added for the Level 7
FTD and questioned whether this was
appropriate for a Level 7 FTD. Boeing
additionally commented that the
requirement for gusting crosswinds are
proposed for Levels A, B, C, and D FFSs,

but crosswind takeoff and landing tasks
are not minimum requirements for Level
A simulators in Table A1B. Finally,
A4A and Delta commented that gusting
crosswind requirements have been
added for both Level A and B
simulators, but should be removed due
to lack of alignment with the ICAO 9625
FSTD device type categories.

With regards to the Level 7 FTD, FAA
has examined the ICAO 9625
requirements for the Type V device and
found that instructor control of “surface
wind speed, direction, and gusts” is a
minimum requirement for this device
level (see ICAO 9625, Appendix A,
section 11.4.R,G). In order to maintain
consistency and alignment with the
similar ICAO device, FAA has
maintained this requirement in the
general requirements and functions and
subjective testing tables for the Level 7
FTD, but removed the more detailed
requirement for realistic gusting
crosswind profiles and the associated
SOC that was proposed in the NPRM.

FAA agrees with Boeing’s comment
concerning the qualification of the Level
A simulator for takeoff and landing
tasks and has removed this requirement
in the final rule. Additionally, due to
the lack of required side force motion
cueing in a Level B simulator that
would enhance the simulation of a
realistic and dynamic gusting crosswind
scenario, the FAA has also removed this
minimum requirement for Level B
simulators in the final rule.

2. Gusting Crosswind Profile Data
Sources

In the NPRM, the FAA proposed
requirements for FSTD sponsors to
develop a realistic gusting crosswind
profile for use in training. The FAA was
not prescriptive in this requirement and
only required that the profile be
“realistic”” and “tuned in intensity and
variation to require pilot intervention to
avoid runway departure during takeoff
or landing roll.” The FAA additionally
provided guidance in the information
column of the proposal recommending
the use of the Windshear Training Aid
or other acceptable data sources to
develop the gusting crosswind profiles.

The FAA received several comments
concerning the data sources needed to
develop realistic gusting crosswind
profiles to meet the rule requirements.
American, JetBlue, and A4A commented
that FAA should provide an appropriate
gusting crosswind model as
recommended by the NTSB in its safety
recommendation. Boeing commented
that the Windshear Training Aid does
not provide the necessary data to
effectively model gusting crosswinds.
Delta and A4A further commented that
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the FAA should define “other
acceptable source data” to help
sponsors be consistent in programming
the gusting crosswind scenarios.
Additionally, A4A commented that the
FAA should permit carriers to use
crosswinds with gust data from multiple
sources because doing so will provide
flexibility, more compliance options,
and reduce compliance burdens.
Finally, an anonymous commenter
stated that all references in the NPRM
to “gusting crosswinds” lack definition
of what is considered a “gust”.
“Without a definition such as “10
percent increase over steady state wind
speed for x seconds, repeated
randomly”, this is an entirely subjective
condition and as such is subject to every
inspector’s idea of what a wind gust
should or could be. If the FAA cannot
provide subjective guidance similar to
the Windshear Training Aid, which
does not provide adequate information
for this scenario, the gusting crosswind
scenarios should be treated as
‘demonstration only’ and not for
training credit.”

While the FAA would generally agree
that a defined wind gust model could
provide standardization for FSTD
qualification purposes, such a generic
model may not be realistic unless tuned
for the particular aircraft and training
scenario. Similar to the Windshear
Training Aid’s windshear profiles,
subjective tuning would be required to
adjust the model as a function of the
aircraft type/configuration and ambient
conditions to provide the cues and
aircraft performance needed to
accomplish the training objectives. In
the proposal, the FAA required that
such wind gust models be “‘realistic”
and have been “tuned in intensity and
variation to require pilot intervention to
avoid runway departure.” Like many
other areas in the simulator
qualification standards, this allows for
the FSTD sponsor to develop solutions
that meet the needs of their particular
training program without the FAA
prescribing a specific solution. While
realistic baseline wind gust models may
be derived from aircraft operational
data, meteorological data, or other data,
a certain amount of subjective tuning
will be required in many cases to ensure
the gusts are adequate enough to require
pilot intervention to avoid runway
departure or otherwise do not exceed
the crosswind capabilities of the
simulated aircraft and supporting
aerodynamic and ground model data.
Due to the wide range of aircraft and
associated crosswind capabilities, the
FAA has found that specifying a certain
gust characteristic for FSTD

qualification would not be practical and
has maintained the requirements as
proposed.

In response to the NTSB safety
recommendation 24 and commenters’
requests for an FAA developed gusting
crosswind model, the FAA conducted
an analysis of the extracted wind data
from the Continental (CO) 1404
accident 25 and developed two wind
gust models that may be used by FSTD
sponsors to meet the requirements for a
realistic gusting crosswind model. The
first model was developed using the CO
1404 accident data to closely replicate
the wind gust that was experienced by
the flight crew in that accident. While
this model was tested by FAA on a
Boeing B737-800 simulator and was
found to provide a subjectively
acceptable training scenario, it is
expected that the model will need to be
tuned by the sponsor for different
aircraft and operator specific training
scenarios.

A second model was developed using
a simplified linear estimation of the CO
1404 accident data using maximum
wind rates of change as referenced in
the Windshear Training Aid and the
Joint Airport Weather Studies (JAWS) 26,
Similar to the continuous wind gust
model, this model may also require
tuning by the sponsor for different
aircraft and operator specific training
scenarios.

FAA recognizes that sponsors may
desire to implement their own wind
models that may be more suitable for
their particular training programs and
has not mandated the above described
wind gust models as a condition of
FSTD qualification. These models will
be provided with the final rule as
guidance material in a National
Simulator Program (NSP) Guidance
Bulletin and may be used as one method
to develop realistic gusting crosswind
profiles to satisfy the requirements of
the rule. As suggested by A4A, this will
provide operators with flexibility to
develop other wind gust models from
multiple sources to meet the FSTD
qualification requirements.

3. Maximum Demonstrated Crosswind

In the proposal, the FAA included
general requirements for Level C and
Level D FFSs that included ground

24NTSB safety recommendation no. A-10-110.

25 Runway Side Excursion During Attempted
Takeoff in Strong and Gusty Crosswind Conditions,
Continental Flight 1404, December 20, 2008, NTSB
Final Report, NTSB/AAR-10/04.

26 The maximum wind rates published in the
Windshear Training Aid are based upon the Joint
Airport Weather Studies (JAWS) and were
calculated from accident flight data recorder and
Doppler radar measurements of microburst events.

handling characteristics for crosswinds
and gusting crosswinds up to the
aircraft’s maximum demonstrated
crosswind component.

Delta and A4A requested clarification
if the maximum demonstrated
crosswind value includes the gusting
component, or is the intent to require
the gusting component in addition to
the maximum demonstrated crosswind
value.

The FAA has not prescribed a specific
wind magnitude and direction to be
implemented in the gusting crosswind
model requirements. The wind gust
models that will be provided by the
FAA in guidance material were
designed to allow for tuning of the gust
characteristics as needed for the
particular training scenarios (such as
steady state wind conditions and
runway direction) and aircraft type
being simulated. The tuning of gust
models should be conducted in
consideration of the maximum
crosswind capabilities of the aircraft in
order to provide operationally realistic
scenarios that are survivable in training.
The specific aircraft crosswind
capabilities, to include the addition of
gust factors, are determined by the
aircraft OEM. If this information is not
clear in the aircraft flight manual, the
FSTD sponsor should consult with the
aircraft OEM. Additionally, the FSTD
sponsor should coordinate with the data
provider to ensure that gust models do
not exceed the capabilities of the
simulator’s aerodynamic and ground
models. The FAA has added
information material in Table A1A
(entry no. 2.d.3) to the final rule for
clarification.

4. Requirements for Previously
Qualified FSTDs

In the proposal, the updated ground
handling and ground reaction
requirements in Table A1A included
information that stated ‘“‘tests required”
for these particular sections. The FAA
notes that this text was derived from the
similar sections in the ICAO 9625
document as part of the alignment
process.

Delta and A4A pointed out that the
general requirement for gusting
crosswind (Table A1A, Entry No. 3.1.S
in the NPRM) states ““tests required”’
and requested clarification if additional
objective testing is required under the
FSTD Directive for previously qualified
FSTDs.

In the final rule, since the FAA
restored the existing part 60 format for
the general requirements table as
compared to the ICAO format in the
proposal (including sections for ground
reaction and ground handling
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characteristics), the text for ‘““tests
required” was removed from the ground
handling requirements in Table A1A,
Entry No. 2.d.3. in the final rule. No
additional objective testing for ground
reaction and ground handling
characteristics was intended for
previously qualified FSTDs in FSTD
Directive No. 2. The FAA further notes
that all required objective testing is fully
described in Table A2A, making any
such “tests required” notations in the
information column redundant.

E. Evaluation Requirements for Bounced
Landing Recovery Training Tasks

In the proposal, the FAA included
updated FSTD evaluation requirements
for ground reaction characteristics to
support the bounced landing recovery
training task that is required in the
Crewmember and Aircraft Dispatcher
Training final rule. The new
requirements included ground reaction
modeling to simulate the effects of a
bounced or skipped landing as well as
the indications of a tail strike or
nosewheel exceedances as appropriate
for the simulated aircraft and
conditions.

1. Applicability to Lower Level FSTDs

In the proposal, the new requirements
for bounced landing recovery evaluation
were included for Level C and Level D
FSTDs in Appendix A as well as for the
new Level 7 FTD in Appendix B.

TRU Simulation and A4A commented
that the bounced landing requirements
were added for the Level 7 FTD and
questioned whether it was appropriate
for this device.

Given the Crewmember and Aircraft
Dispatcher Training final rule
requirement that a Level C or higher
FSTD be used to conduct bounced
landing recovery training tasks, the FAA
has removed the additional FSTD
evaluation requirements in the final rule
for bounced landing recovery from the
Level 7 FTD minimum requirements in
Appendix B.

2. Bounced Landing Modeling and
Evaluation

a. Nosewheel Exceedences

As part of the bounced landing
recovery requirements in the proposal,
the FAA included requirements to
include indications of a tail strike and
nosewheel exceedances.

Boeing commented that the
requirement for “nosewheel
exceedances” needs to be more clearly
defined (e.g., limit, yield, or ultimate
loads) and suggested changing the rule
text to read “effects and indications of
ground contact. . .”. An anonymous
commenter further stated that

calculation of structural loads on the
nose gear is not a common feature in
current FSTDs. Any nose first landing is
considered abnormal and could be
flagged on the IOS.

The FAA agrees with the commenters
and has removed the nosewheel
exceedances requirement from the final
rule as it is not necessary to accomplish
the training objectives for bounced
landing recovery training tasks. This
language was replaced with “‘the effects
and indications of ground contact due to
landing in an abnormal aircraft
attitude . . .” since information on
aircraft attitude during the landing and
go-around sequence will be more useful
to the instructor in evaluating bounced
landing recovery training tasks.

b. Use of Existing Ground Reaction
Modeling

In the NPRM, the FAA proposed that
ground reaction modeling must simulate
. . . the effects of a bounced or
skipped landing (to include indications
of a tail strike or nosewheel
exceedances) as appropriate for the
simulated aircraft and conditions”.

Delta and A4A commented that the
existing part 60 requires verification of
ground reaction and ground effects by
minimum unstick speed, ground effects,
and takeoff and landing performance
objective tests. An SOC from the data
provider and an affirmation that the
model has been implemented correctly
should be adequate. There is no need for
additional subjective verification by a
qualified pilot. A4A further commented
that at least one data provider has
implied that their current data and
model meets the proposed
requirements. CAE commented that the
strut system simulation (damper/spring)
and its geometry are already properly
modeled and should provide the
appropriate forces and moments during
a bounce.

As described in the proposal, the FAA
agrees with the commenters that much
of the aerodynamic and ground reaction
modeling is currently required and
validated in several required objective
tests for FSTD qualification. As such,
the FAA has not required any additional
objective testing for the qualification of
bounced landing recovery training tasks
in this final rule. In order to support
bounced landing recovery training, the
FSTD must have the ability to provide
the instructor with the effects and
indications of ground contact as a result
of the FSTD being landed or conducting
a go-around at an improper aircraft
attitude. In addition to pitch attitude
information, other parameters such as
indications of nosewheel contact and
indications of a tailstrike would provide

useful information to the instructor in
evaluating a bounced landing recovery
maneuver. FAA agrees with the
commenters that the use of a qualified
SME pilot to evaluate these indications
may be of limited value because they
may not have any direct experience in
the indications of a tailstrike in the
airplane to base such an evaluation on.
The FAA does recognize, however, that
a tailstrike and other indications of
ground contact can be computed in
software using the geometric
dimensions of the airplane and these
indications will provide the instructor
with additional feedback to assist in
determining whether the aircraft landed
in or a go-around was attempted in an
unusual aircraft attitude. These
indications and the ability of the
modified FSTD to perform the intended
training tasks are what should be
evaluated by the sponsor’s designated
pilot as described in the FSTD Directive
and §60.16(a)(1).

The FAA has reviewed the current
part 60 ground reaction and ground
handling requirements along with
associated objective testing that are
already required for Level B through
Level D FFSs and has determined that
adequate requirements already exist in
part 60 to evaluate and validate the
aircraft dynamics necessary to support
bounced landing recovery training
tasks.27 In order to improve the
instructor’s evaluation of an abnormal
aircraft attitude during the bounced
landing recovery maneuver, the FAA
has amended the current ground
reaction requirement for Level B
through Level D FFSs to include
appropriate effects during bounced or
skipped landings, including the effects
and indications of ground contact due to
landing in an abnormal aircraft attitude.

3. Alignment With Training
Requirements

As noted in the NPRM, the FSTD
evaluation requirements for bounced
landing recovery maneuvers were
introduced both to support new
requirements in the Crewmember and
Aircraft Dispatcher Training final rule
as well as to address comments
concerning potential deficiencies in
FSTD fidelity in this flight regime.

An anonymous commenter stated that
“there is no bounced landing training
task listed in Table A1B (Table of Tasks
v. Simulator Level). It is agreed that a

27n addition to objective testing requirements for
maneuvers such as takeoff, landing, minimum
unstick speed, and ground effect, the current part
60 ground reaction general requirements (Table
A1A, Entry No. 2.d.2.) already requires ground
reaction modeling that generally supports bounced
landing recovery training.
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Level D simulation should produce a
bounced landing if appropriate,
however that does not translate into a
training requirement. There is currently
no approved pilot training program that
includes bounced landing. At most, it
could be a required demonstration
element, but it should not be a required
training maneuver.”’

A4A commented that Boeing has
already addressed the bounced landing
recognition and recovery procedure in
their operating manuals and in recurrent
simulator training and that the FAA
should review simulator data it
currently receives to determine if
recurrent training programs
implemented due to the NTSB
recommendations were effective. A4A
and JetBlue further commented that
“the training final rule limits new
training requirements to recovery from
bounced landing because carrier
training programs currently include
bounced landing training as
recommended in FAA’s InFO 08029

. . simulator modeling for this final
rule should be limited to enhancement
to train recovery methods; it should
avoid introducing elements that might
induce negative training associated with
‘teaching to bounce’.” In addition, CAE
made similar comments concerning the
potential of a transfer of negative
training in introducing a bounced
condition during landing.

The FAA notes that bounced landing
recovery is a training requirement for air
carriers under § 121.423. While the
minimum qualified task list in Table
A1B does not specifically list bounced
landing tasks, the final rule will require
an amendment to the FSTD’s SOQ that
the FSTD has been evaluated for
bounced landing recovery training tasks.
As addressed in the Crewmember and
Aircraft Dispatcher Training final rule,
the FAA is aware of the incorporation
of bounced landing recovery training by
operators in response to the FAA’s InFO
and SAFO bulletins. To support the new
training requirements in § 121.423 for
bounced landing recovery training, the
FSTD qualification standards were
revised in this rule to ensure the FSTDs
used to conduct such training have been
properly evaluated for the training tasks.

The FAA agrees with commenters in
that the purpose of bounced landing
recovery training is to train bounced
landing recovery methods and not to
teach a pilot how to bounce the aircraft.
While the simulation should support
the ability to reproduce a bounce where
the flight conditions dictate, the primary
objective of training is to train recovery
techniques should the landing result in
an inadvertent bounce. The FAA agrees
with the commenters in that these

recovery techniques can be taught
without stimulating an actual bounce
during the landing sequence and rather
“calling a bounce” to initiate the
recovery maneuver. The FAA has
amended the final rule to emphasize
that the FSTD evaluation requirements
are on the aircraft dynamics resulting
from the bounced landing recovery and
not in stimulating a bounce during the
landing sequence.

The FAA further emphasizes that the
FSTD evaluation requirements in the
final rule that support bounced landing
recovery training tasks are essentially a
consolidation of existing requirements
within part 60 28 and will further
support the instructor evaluation of
other landing training tasks where the
simulator may be inadvertently landed
in an abnormal aircraft attitude.

4. Requirements for Previously
Qualified FSTDs

Delta, FlightSafety, and A4A pointed
out that the general requirement for
ground reaction modeling (Table A1A,
Entry No. 3.1.S in the NPRM) states
“tests required”” and requested
clarification if additional objective
testing is required under the FSTD
Directive for previously qualified
FSTDs.

In the final rule, since the FAA
restored the existing part 60 format for
the general requirements table as
compared to the ICAO format in the
proposal (including sections for ground
reaction and ground handling
characteristics), the text for “tests
required” was removed from the ground
reaction requirements in Table A1A,
Entry No. 2.d.2. No additional objective
testing for ground reaction and ground
handling characteristics was intended
for previously qualified FSTDs in FSTD
Directive No. 2. The FAA further notes
that all required objective testing is fully
described in Table A2A, making any
such ““tests required” notations in the
information column redundant.

F. Alignment With the ICAO 9625
International FSTD Evaluation
Document

In order to promote harmonization of
FSTD evaluation standards with that of
other national aviation authorities, the
FAA proposed alignment of the part 60
Qualification Performance Standards
(QPS) with the latest international FSTD
evaluation guidance in the ICAO 9625,
Edition 3, document. Unlike previous
alignment efforts the FAA undertook

28 See 14 CFR part 60 (2008), Appendix A: Table
A1A, Entry No. 2.d.2 (ground reaction modeling);
and Table A3D (motion system effects), Entry no.
7 (main and nose gear touchdown cues), and Entry
No. 13 (tail strikes and engine pod strikes).

with earlier versions of the ICAO 9625
document that only contained one level
of FSTD, this alignment effort proved to
be more complex because the Edition 3
document contained many other FSTD
levels that do not share an equivalent
fidelity level in part 60 and other FAA
training regulations and guidance
material. Furthermore, since the main
purpose of this rulemaking was to
define new FSTD evaluation standards
for new training tasks introduced by the
Crewmember and Aircraft Dispatcher
Training final rule, practical time limits
prevented the FAA from conducting the
significant updates to other regulations
and guidance material to support a
complete change in the existing
hierarchy of FSTD levels. For these
reasons, a full alignment with all of the
FSTD levels in the ICAO 9625
document was not proposed with this
rulemaking and only portions of the
technical guidance material from ICAO
were incorporated where practical.

1. Partial Alignment With the ICAO
9625 Document

For reasons cited above, the FAA did
not propose complete alignment with
ICAO 9625, Edition 3. In lieu of
conducting a full alignment, the FAA
proposed partial alignment with the
ICAO document where significant
overlap existed between the FAA FSTD
fidelity levels in the part 60 QPS and
the ICAO document. This included
alignment of the part 60 Level C and D
FFS evaluation standards with that of
the highest level of ICAO device (the
Type VII device) as well as adding a
new Level 7 FTD to align with the ICAO
Type V device.

FAA received several general
comments concerning the proposed
partial alignment with the ICAO 9625
FSTD evaluation guidance document.
A4A commented that the “incorporation
of 9625 is not required to meet
§§121.423 and 121.434. We are not
opposed to harmonizing part 60 with
the international standards but this
piecemeal approach to incorporating the
ICAO STD does not provide additional
benefits for flight training”. A4A further
stated that ““the FAA should consider
incorporating ICAO 9625 as the
standard for flight training in its
entirety. Until this approach for part 121
training can be adopted, incorporating
pieces of the standard into part 60 is
only providing additional burden
without benefit.”” American and Alaska
Airlines made similar comments that
there is no training value in adopting
the ICAO standard as presented and
recommended that the FAA should not
adopt the ICAO standard unless doing
so in its entirety. ALPA generally
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supported the incorporation of the ICAO
9625 guidance into part 60, but
expressed concern regarding the
introduction of a fixed-base (non-
motion) FTD for flightcrew training.
Also, ICAO generally supported the
incorporation of the ICAO 9625
document and further noted that the
fourth edition of the ICAO 9625
document was recently published on
the ICAO internet site for regulatory
authorities.

The FAA notes that the primary
purpose of this rulemaking was to
update the FSTD evaluation standards
to address the new extended envelope
training introduced by the Crewmember
and Aircraft Dispatcher Training final
rule. Because the FAA and industry
were integrally involved in the
development of the ICAO 9625 FSTD
evaluation guidance material, and much
of the current part 60 and grandfathered
FSTD standards are based upon
previous versions of the ICAO 9625
document, the FAA proposed updating
the current part 60 standard for certain
FSTD levels that overlapped with
similar FSTD levels defined in the ICAO
9625 document. Unlike previous
versions of the ICAO 9625 document,
ICAO 9625, Edition 3, introduced
several new FSTD levels that have no
direct equivalent in the part 60 rule.
Because of the time critical nature of the
extended envelope training
requirements, it was determined that
redefining all of the FAA FSTD levels to
align with the ICAO document would
not be practical because of the
numerous other training rules and
guidance material that would be
affected if we made significant changes
to the part 60 qualification standards
and FSTD level definitions.

The benefits of general ICAO
alignment are not readily quantifiable
since they primarily focus on improving
the overall simulation environment and
not on specific safety issues. From an
international harmonization standpoint,
FSTD manufacturers and data providers
can benefit from developing FSTDs and
supporting data packages that meet a
single internationally recognized
standard. Despite statements made by
one commenter concerning “illusory
benefits from internationally aligned
FSTD standards,” the FAA believes
there is anecdotal evidence that
supports the benefits of international
harmonization. Based upon past
experience with the previous
international alignment efforts, the FAA
points out that over 250 FSTDs
(including FSTDs qualified by A4A air
carriers) were voluntarily qualified
against the more stringent ICAO 9625,
Edition 2, JAR-STD 1A, Amendment

3,29 and Draft AC 120-40C
internationally harmonized standards
during the 1995 to 2008 timeframe
before part 60 became effective in 2008.
Due to the time critical nature of the
extended envelope training
requirements, complete alignment with
the ICAO 9625 document was not
considered in this rulemaking. Most of
the device levels defined in ICAO are
not within the scope of part 60 (all but
two FSTD levels in ICAO 9625 are for
generic or representative devices that
are not defined in part 60) and would
require significant rulemaking and
policy changes outside of part 60 to
address a new hierarchy of device
levels. The FAA considers the ICAO
alignment conducted in this rulemaking
as a significant step in maintaining
harmonization with the international
FSTD evaluation standards and will
continue to look for opportunities to
further expand the alignment with the
ICAO 9625 document where practical.

2. New Requirements Introduced by the
Proposed ICAO Alignment

Several commenters pointed out that
some of the new requirements
introduced in the proposed ICAO 9625
alignment would add to the cost of a
new Level C or Level D FFS with no
demonstrated value to training. The
FAA partially agrees with the
commenters in that it is difficult to
quantify specific safety benefits from
some of the new and updated standards
introduced as a result of the ICAO
alignment. Most of these changes in the
ICAO alignment target the improvement
of objective testing tolerances, the
incorporation of testing requirements for
new technology that is not currently
addressed in the simulator standards,
and improvement of the overall
simulation environment.

a. Visual System Field of View

A4A, JetBlue, Delta, and an
anonymous commenter stated that the
increased visual system field of view
requirement from 180 degree x 40
degree in the existing part 60 general
requirements to 200 degree x 40 degree
in the proposal would introduce
significant cost to a new simulator and
has no demonstrated benefit to crew
training. In addition, A4A and JetBlue
further commented that the justification
for this proposal is harmonizing with
ICAO standards; there is no statutory or
regulatory requirement or NTSB
recommendation on this topic. The
increased field of view for newly

29JAR-STD 1A was a publication by the Joint
Aviation Authorities that provided FSTD
qualification standards for European countries.

qualified FSTDs does not demonstrate
any improved training value; the
existing field of view has been used
successfully in training programs
worldwide for well over a decade.
Increasing the field by 10 degrees on
each side would add no value in taxiing
or on the circling approach and there is
no data or industry trend to indicate
that pilots are experiencing difficulty
performing these maneuvers using the
current systems. Most part 121 air
carriers train to Visual Flight Rules
(VFR) minimums for a circling approach
and in fact most flight schools that offer
Airline Transport Pilot qualification
courses now require only demonstration
at a VFR level. A simulator field of view
expansion to 200 degrees would not
change practices at other facilities.

Concerning the cost of this new
requirement, A4A further commented
that the expense associated with this
field of view expansion would add an
estimated 20 to 30 percent to the cost of
a visual system for the purchasing of a
newly qualified FSTD, depending on
the manufacturer. In most cases this
would require the addition of at least
one and possibly two image generators,
very similar to helicopter simulators. In
addition, changing the field of view
standard for newly qualified FSTDs will
prevent carriers from obtaining existing
simulators that reside outside the
United States (U.S.) that have a 180
degree field of view, and have not yet
been qualified in the U.S. This would
force carriers to purchase new
simulators instead of purchasing used
simulators; it will cost more and impose
less efficient training options.

The FAA concurs with the
commenters in that little evidence
suggests that increasing the visual
system field of view requirements to 200
degrees (horizontal) will have a
quantifiable safety benefit. In order to
avoid incurring significant additional
cost as a result of the ICAO 9625
alignment as identified by the
commenters, the visual system field of
view requirements will remain at the
existing part 60 requirement of 180
degrees x 40 degrees for Level C and
Level D FFSs in the final rule.

b. Visual System Lightpoint Brightness
Testing

In the NPRM, the FAA proposed the
addition of a new objective visual
lightpoint brightness test as part of the
ICAO 9625 alignment. The addition of
this test addresses inherent system
limitations in fixed matrix visual
display systems (such as LCD systems)
and their ability to display lightpoints
as compared to older calligraphic
display systems. American, A4A, and an
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anonymous commenter stated that the
tolerance for this test should be reduced
from the 8.8 foot-lamberts as proposed
in the NPRM to 5.8 foot-lamberts as
proposed in the updated ICAO 9625,
Edition 4, document because it has no
technical advantage and is not
achievable with current technology over
long periods of time. CAE further stated
that this requirement cannot currently
be met with light emitting diode (LED)
based visual projectors and this issue
has been subsequently addressed in
ICAO 9625, Edition 4. Similar
comments were made by TRU
Simulation. Frasca commented that,
with regards to the surface brightness
test, a modern display system cannot
boost the brightness for light points
only. If the system just meets the
display brightness requirement, it will
not pass the light point brightness
requirement. This would only be
possible using calligraphic projectors,
which are no longer in regular use for
simulation.

The FAA concurs with the
commenters and has reviewed the
updated ICAO 9625, Edition 4,
document as suggested. In that
document, the light point brightness test
tolerance has been amended to be less
restrictive (5.8 foot-lamberts) as
compared to the Edition 3 document
due to the inherent limitations of solid
state illuminators (such as LEDs). In
these types of systems, the benefit of
improved temporal stability justifies the
inherently lower brightness that an LED
can produce as compared to a standard
lamp illuminator. To support the
alignment of the part 60 technical
requirements with the ICAO document,
as well as to address the commenters
concerns, the FAA has amended this
objective test (Table A2A and Table
B2A, Entry No. 4.a.7.) in the final rule
as recommended by the commenters.

c. Transport Delay Testing

In the NPRM, the FAA proposed to
reduce the transport delay tolerances
from150 millisecond (ms) to a more
restrictive 100 ms tolerance for the
purposes of aligning with ICAO 9625,
Edition 3 as well as improving the
overall simulation environment with
faster simulation induced response
times. The FAA received many
comments on this issue which generally
recommended that the FAA should not
adopt these tighter tolerances. Boeing,
FedEx, Delta, A4A, and American
commented that while ICAO 9625
Edition 3 recommends a more restrictive
tolerance than what is currently in part
60, there appears to be no evidence that
timing below 150 ms provides better
crew training. Boeing further

commented that those values have been
hard to achieve in industry, costing
substantial amounts of money to meet
this requirement. A4A further
commented that “‘the FAA should not
change the transport delay standard
because there have been no reports of
pilot induced oscillation due to a
throughput (transport) delay tolerance
being too high. The current transport
delay tolerance of 150 ms has proven to
be adequate for all Level D FFSs with no
known problems to date. The tolerance
has no impact on safety and is a
technical limitation of the software and
hardware. Carriers have operated with
the 150 ms for decades with no
measurable degradation in training. In
addition, the ICAO standard is being
revised and will change in 2015; an
FAA change to 100 ms will result in
misaligned U.S. and ICAO standards
starting next year. Therefore, to require
adjustment of the delay to 100 ms
would provide no additional benefit to
pilot training and it is recommended
that 150 ms tolerance be retained.”
Frasca, American, Boeing, and CAE
made similar comments concerning the
less restrictive 120 ms tolerance that has
been amended in ICAO 9625, Edition 4.
While the FAA would concur that it
is difficult to quantify transfer of
training benefits with transport delay
tolerances reduced to lower than 150
ms, it has been well established through
multiple research studies that transport
delay in simulation can significantly
affect pilot performance. The FAA
maintains that the proposed 100 ms
tolerance is not a significant technical
limitation of simulators and has, in fact,
been a minimum FSTD qualification
requirement for helicopter simulators
since 1994.3° Furthermore, the FAA
conducted a random sampling of
currently qualified FSTDs that were
initially evaluated within the past 10
years and found that 44 percent of these
FSTDs would have met the ICAO 9625,
Edition 3, tolerance of 100 ms and 83
percent of these FSTDs would have met
the ICAO 9625, Edition 4, tolerances
(100 ms for motion/instrument and 120
ms for visual system response) with no
modification.?! These numbers
generally support the commenters’
concerns that the 100 ms transport delay

30 See Advisory Circular (AC) 120-63,
“Helicopter Simulator Qualification” (1994);
Appendix 2, test 5.a.; and 14 CFR part 60 (2008),
Appendix C, Table C2A, test 4.a.2.

31 The FAA conducted a random sampling of
transport delay test results from the Master
Qualification Test Guides (MQTGs) of 18 currently
qualified FSTDs that were initially evaluated within
the past 10 years. Eight out the 18 FSTDs would
have met the 100 ms transport delay tolerance for
all axes. Fifteen of the 18 FSTDs would have met
the 100/120 ms tolerance.

tolerance in the NPRM may not be
easily attainable with current
technology that is implemented on
previously qualified fixed wing FSTDs.

To address these concerns and to
maintain consistency with the
international guidance material, the
FAA has amended the final rule to
incorporate the updated ICAO 9625,
Edition 4, transport delay tolerances of
100 ms for motion system/instrument
response and 120 ms for visual system
response as recommended by many
commenters.

d. Objective Motion Cueing Fidelity
Test

As part of the ICAO 9625 alignment
proposed in the NPRM, the FAA
included objective motion cueing
fidelity testing (OMCT) as a minimum
requirement for FSTD qualification.

The FAA received several comments
on the adoption of the ICAO 9625
OMCT test. American commented that
the OMCT in the ICAO 9625 document
is still a work in progress with some
testing details that are still under
consideration as more experience is
gained with conducting the test.
American further questioned what
source data was used to define the
motion fidelity tolerances that are
associated with the test as well as the
lack of a time-domain test that was
supposed to complement the frequency-
domain test in the ICAO document.
Additionally, American stated that the
purpose of including an incomplete set
of tests in the ICAO standard is to
collect data and that a final rule is not
appropriate vehicle to ‘gather data’.
Finally, American recommended against
replacing the existing motion cueing
signature (MCPS) tests with the OMCT,
however, if it were to be adopted in the
final rule, it should be limited to an
SOC issued by the training device
manufacturer stating compliance. A4A
and JetBlue made similar comments
opposing the adoption of the proposed
OMCT.

The FAA agrees that the proposed
OMCT from ICAO 9625, Edition 3,
primarily consisted of a testing method
with no specific fidelity standard
applied to the test results. The FAA
further notes that the recently published
ICAO 9625, Edition 4, document has
improved the OMCT method and has
added recommended tolerances to the
test results that were based upon
“. . . the statistical results of reliable
OMCT measurements of eight Level D or
Type VII FSTDs.” The FAA maintains
that a significant weakness in today’s
FSTD evaluation standards is the lack of
a consistent method to measure and
apply motion cueing in crew training
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simulators. An industry-led group
developed the objective motion cueing
test, and it represents a marked
improvement over today’s subjective-
only assessments. While the FAA
concurs that a specific fidelity
requirement needs development,
applying the OMCT and comparing the
results against representative responses
will promote useful standardization and
improvement of overall motion cueing.
To address the commenters concerns,
the FAA has amended the final rule so
as to not require OMCT results in the
MQTG for annual continuing
qualification evaluation purposes.
Instead, OMCT results will only be
required once during the initial
qualification of the FSTD and included
in an SOC from the FSTD manufacturer.
Furthermore, the FAA will not require
a specific tolerance to be met for this
test and only require that the FSTD
manufacturer use the OMCT to
document the overall performance of
the motion system and use its results to
aid in the tuning of the motion cueing
algorithms. Finally, because the
technical details of this testing method
are multifaceted and not suitable for
inclusion in the final rule’s text, the
FAA will issue guidance material with
the final rule on how to apply the
OMCT to meet the part 60 requirements.

e. Sound Directionality Requirement

A4A commented that the directional
sound requirements (incorporated from
the ICAQO 9625 document) are not cost/
benefit justified and are not required to
meet any existing or proposed training
requirement.

The FAA notes that the requirement
for “sound directionality’”” was
introduced as part of the ICAO 9625
alignment proposed in the NPRM.32
After review of this requirement, the
FAA will maintain the proposed
requirement in the final rule. FAA has
found that it is essentially a codification
of existing practice where FSTDs are
subjectively evaluated for flight
maneuvers, including engine failures
and other malfunctions, which would
result in directionally representative

sound cueing in the FSTD. FAA further
notes that the accident record has
documented instances where flight
crews have inadvertently shut down the
wrong engine while diagnosing an
engine malfunction in flight. This
additional sound cueing in the
simulator may enhance training in
recognizing and verifying the cues of an
actual engine failure in flight.

3. Alignment With the Recently
Published ICAO 9625, Edition 4,
Document

Concurrent with the development of
the part 60 NPRM, an international
working group was convened to review
and update the ICAO 9625, Edition 3,
document to incorporate FSTD
evaluation requirements to address full
stall training, UPRT, and icing. This
working group was essentially operating
in parallel with the part 60 rulemaking
effort and used a similar set of
recommendations issued from the
ICATEE working group to incorporate
FSTD evaluation standards into the
ICAO 9625 document. In addition to the
changes made to support UPRT and stall
evaluation, this working group also
made general changes to the ICAO 9625
document that addressed known issues
with the Edition 3 document. These
included changes that addressed
technological improvements, changes
that updated various test tolerances
which were relieving in nature, as well
as editorial changes to correct or clarify
the requirements in the Edition 3
document. Since the FAA proposed
alignment with ICAO 9625, Edition 3,
many of the known issues identified
with that document were also present in
the NPRM.

The FAA received several comments,
including various comments from A4A,
Boeing, CAE, Frasca, ICAO, and TRU
Simulation that recommended the use
of the draft ICAO 9625, Edition 4,
document in order to correct specific
problems introduced from ICAO 9625,
Edition 3, into the NPRM. Several
commenters also recommended aligning
the FAA requirements for the extended
envelope training tasks with that of the

updated ICAO document. Many of these
comments have been discussed in
previous sections of this document.

Since the publication of the NPRM
and subsequent close of the comment
period, ICAO has published the final
version of the ICAO 9625, Edition 4,
document. The FAA has reviewed its
contents for potential incorporation of
the changes into the final rule as
recommended by several commenters
and has found that the changes made to
the ICAO document in the Edition 4
release were relatively limited in scope
and have some overlap with the
requirements published in the NPRM in
the following areas:

1. Introduced “extended envelope”
FSTD evaluation requirements for full
stall, UPRT, and airframe icing.

2. Changes to testing requirements
and tolerances to improve and correct
issues in ICAO 9625, Edition 3,
including transport delay testing
tolerances, visual lightpoint brightness
tolerances, objective motion cueing
testing tolerances, and other changes
that were generally less restrictive.

3. Other editorial and technical
changes to improve the document and
clarify existing requirements.

The FAA agrees with the commenters
that alignment with the latest edition of
the ICAO 9625 document would be
desirable, particularly with evaluation
requirements that have been found to be
problematic in ICAO 9625, Edition 3.
The FAA has incorporated many of
these changes into the final rule;
however, some differences were
maintained to address public comments
to the NPRM, as well as to address FAA
specific training requirements and FSTD
grandfathering rights. Where the more
restrictive requirements were
introduced in ICAO 9625, Edition 4,
that were not included in the NPRM for
public comment, the FAA included
these in the final rule within non-
regulatory “information” sections as
recommended practices. The following
table summarizes the sections that were
modified in the final rule to incorporate
changes made in ICAO 9625, Edition 4:

Change

ICAO 9625
Section

Final rule
entry No.

Comments

General Requirements

Appendix A (ICAO)/Table A1A

Icing effects

32JCAO 9625 (Edition 3), Part I, Appendix A,
section 6.5.R requires that “sound should be
directionally representative.”

Alignment of language with the equivalent ICAO
section.
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Change ICéAg:ﬁgoans erﬂ?)l/ rﬁ(l)e_ Comments
High Angle of Attack Modeling ..........ccccceviinieennnnnne. 2180 2.M Alignment of language with the equivalent ICAO
2189 .. section.
Stick Pusher Systems ........cccoccooiiiiiiiienieeeeeeee 51.8b e B Alignment of language with the equivalent ICAO
section.
Stall Buffet Sounds ..........cocceriiiiinniiiieeeeee 6.1.R .o 7.Coeeieeeee Added to information column as recommended
practice.
Stall Buffet Motion Effects ..........ccccooviiieiiineinene. 8.3.R(8) ..cccennee 5.1 i Added to information column as recommended
(Buffet as first indication of stall or lack of stall buf- practice.
fet).
Stall Buffet Amplitude and Frequency Content ......... Added to information column as recommended
practice.
UPRT s Alignment of language with the equivalent ICAO

section.
Updates transport delay tolerance to less restrictive
values.

Objective Testing

Appendix B (ICAO)/Table A2A

Static Flight Control Checks ..........ccccveeviriicenennns

Stick Pusher Calibration
Stall Characteristics ...........cccocuenen.
Approach to Stall Characteristics ..
Engine and Airframe icing effects demonstrations ...
Stall Buffet

Visual Lightpoint Brightness
Transport Delay

Moved test description text to ensure it is not im-
properly applied to dynamic control checks.

Alignment with equivalent ICAO test.

Alignment with equivalent ICAO test.

Alignment with equivalent ICAO test.

Alignment with equivalent ICAO test.

Alignment with equivalent ICAO test. (FAA retained
three test conditions).

Updates tolerance to less restrictive value.

Updates tolerance to less restrictive value.

Visual Model—Airport Clutter

Additional FSTD Evaluations Requirements for Stall,

2.a.12.c (Appen-
dix C).
Attachment P ...

2.a.12.c (Table
A3B).
Attachment 7

Specific “gate clutter” requirement changed to
“airport clutter”.
Alignment with equivalent ICAO language.

Upset Recovery, and Icing.

(Appendix A).

4. Integration of ICAO Requirements
With the Part 60 Table Structure

The FAA received several comments
concerning the integration of the ICAO
requirements within the tables of the
part 60 QPS appendices. Several
commenters pointed out that while
there were requirements introduced into
the tables for the purpose of aligning
with the ICAO equivalent FSTD levels,
many of these requirements were
carried over to lower level FSTDs that
were not specifically targeted in the
alignment (e.g., Level A and Level B
FFSs that do not have an ICAO
equivalent device). These differences
were most apparent in the general
requirements tables (Table A1A and
Table B1A) where the ICAO format,
language, and numbering system
significantly differs from the existing
part 60 format. Additionally, A4A
commented that the incorporation of the
ICAO format extends the overall
structure of the document, is not value
added, and creates repeated
requirements.

The FAA agrees with the commenters
in that the integration of the ICAO
numbering system into some of the part

60 tables resulted in some overlapping
requirements with FSTD levels that
were not subject to the alignment. The
main reason for this overlap was to
avoid the addition of redundant table
entries for the aligned Level C and Level
D devices and the non-aligned Level A
and Level B devices in cases where they
substantially share the same
requirement. Other changes were
carried over to the Level A and Level B
requirements simply because the
requirements represented existing
practice, and the FAA found it unlikely
that a new FSTD would be initially
qualified that could not meet these
requirements. For example, one
commenter noted that the requirement
in Table A3B for taxiway edge lights to
be of a correct color was a new
requirement introduced for a Level A
and Level B FFS. While this is a new
requirement as compared to the current
part 60, the FAA finds it very unlikely
that any new FSTD would be initially
qualified with a visual display system
that could not produce taxiway edge
lights of the correct color.

To address the commenters concerns
as well as to reduce the overall

complexity of the general requirements
tables, the FAA has reverted back to the
existing part 60 structure and format in
the final rule for the general
requirements tables in Appendix A and
Appendix B (Tables A1A and A1B).
Where specific changes were proposed
in the ICAO alignment process,
corresponding changes were made to
the existing sections within the current
part 60 general requirements tables for
the appropriate FSTD levels. This will
eliminate unintentional carryover of
requirements into the other FSTD levels
that were not subject to the proposed
ICAO alignment.

Additionally, the FAA has examined
other tables impacted by the ICAO
alignment and has corrected other
specific testing requirements as
identified by the commenters that were
unintentionally carried over to FSTD
levels not subject to the ICAO
alignment.

Finally, to address comments
concerning the integration of the
functions and subjective testing tables
for all FTD levels in Appendix B, the
FAA has separated the Level 7 FTD
requirements into different tables and
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restored the functions and subjective
testing tables for Levels 4, 5, and 6 FTDs
back to their original format and
contents in the final rule. This change
will address commenters concerns and
provide a clear distinction between the
new Level 7 FTD requirements and the
other FTD levels. The reorganized tables
will be renumbered as follows in the
final rule:

Tables of Functions and Subjective
Testing

Table B3A (Level 6 FTD)
Table B3B (Level 5 FTD)
Table B3C (Level 4 FTD)
Table B3D (Level 7 FTD)

Level 7 FTD Specific Tables

Table B3E (Airport Modeling
Requirements)

Table B3F (Sound System)

Table B3G (IOS Requirements)

5. Deviation From the Part 60 QPS
Using the ICAO 9625 Document

CAE commented that the FAA should
“consider the adoption of the ICAO
9625 document technical standards
through Incorporation by Reference as
allowed by statute and in accordance
with 1 CFR part 51, and allow for the
qualification of devices using the ICAO
technical standard as an Alternate
Means of Compliance (AMOC).” An
individual commenter recommended
that since the “‘fast track” process for
part 60 QPS revisions has never come to
fruition, the FAA should conduct
separate rulemaking to remove the part
60 QPS appendices and replace them
with an industry consensus standard.

The FAA notes that due to the high
level of interest in this rulemaking with
regards to supporting other significant
rulemaking work and Public Law, it was
determined that it would not be
appropriate for the FAA to use the
streamlined process as described by the
commenter 33 and this particular part 60
rulemaking would have to proceed in
accordance with the agency’s normal
rulemaking procedures. While the FAA
agrees with the commenter that using a
voluntary consensus standard may
allow for faster changes to the FSTD
evaluation standards, the incorporation
of a consensus standard would be
outside of the scope of this rulemaking.
The FAA will consider this topic for
future rulemaking as suggested by the
commenter.

Regarding CAE’s comment concerning
the use of the ICAO 9625 document as

33 This streamlined process delegates the
authority for final review and issuance of the part
60 QPS documents from the FAA Administrator to
the Director of the Flight Standards Service (see 71
FR 63392).

an AMOC to the part 60 standards, the
FAA agrees that allowing the use of
other technical FSTD evaluation
standards (such as ICAO 9625 or other
FSTD evaluation standards issued by a
national aviation authority) to initially
qualify a new FSTD may allow for a
more refined approach to incorporating
future changes to the FSTD technical
standards. The FAA agrees that where
updated internationally recognized
FSTD evaluation standards have been
published and have been determined to
provide an equivalent or higher level of
safety (e.g. does not adversely impact
the fidelity of the device) as compared
to the part 60 standards, the voluntary
use of these standards to initially
qualify new FSTDs should be
considered. Particularly with updates to
the ICAO 9625 document, deliberations
on changes to this document are
conducted through international
working groups with representation
from many sectors of the training and
simulation industry, including FSTD
manufacturers, air carriers, training
providers, aircraft manufacturers,
government agencies, and other
organizations. In addition to making
changes to the FSTD evaluation
standards that address safety related
issues, other changes are made to
improve the overall FSTD evaluation
process, as well as addressing new
simulation and aircraft technology that
has not been adequately addressed in
the existing standards.

Furthermore, the ability for the FAA
to recognize equivalent FSTD evaluation
standards issued by ICAO and national
aviation authorities will support the
qualification of FSTDs located in other
countries and promote existing bilateral
agreements which may result in cost
savings for FSTD sponsors,
manufacturers, and data providers.
Particularly with FSTDs that are
qualified by multiple national aviation
authorities, the ability to recognize an
equivalent international standard can
reduce redundant testing requirements
and documentation that would
otherwise be needed to demonstrate
compliance with multiple international
standards. The FAA additionally points
out that a similar process was
successfully used prior to the initial
publication of part 60 in 2008 where
over 250 FSTDs were initially qualified
on a voluntary basis using updated
international FSTD evaluation standards
(including ICAO and European FSTD
evaluation standards) in lieu of the then
current FAA evaluation standards in
Adpvisory Circular (AC) 120-40B.

Where such new and updated
standards are available, potential safety
benefits, as well as cost savings, can be

quickly realized through the recognition
of new standards ahead of the formal
rulemaking process. As with most of the
past updates to the international
standards, there are significant delays of
months and even years in integrating
updated ICAO standards into regulation.
This results in a continuous lag between
advances in simulation technology and
the regulatory standards.

In order for the agency to be more
responsive to changes in the
international FSTD evaluation criteria
as well as to provide additional options
to sponsors of FSTDs that are qualified
by multiple national aviation
authorities, the FAA has included
deviation authority in § 60.15(c) of the
final rule to accept FSTD evaluation
standards (such as ICAO 9625 or other
FSTD evaluation standards issued by a
national aviation authority). Such
deviations must demonstrate that there
will be no adverse impact to the fidelity
or the capabilities of the FSTD as
compared to the part 60 QPS. Deviations
may be granted to an FSTD sponsor or
to an FSTD manufacturer for application
on multiple FSTDs. Where an FSTD has
been initially qualified under the
deviation authority, the evaluation
standard will become a part of the
FSTD’s permanent qualification basis
and recorded in the FSTD’s MQTG and
SOQ. The FAA will issue guidance
material with this final rule in the form
of an NSP guidance bulletin that
explains the process for submitting and
reviewing deviation requests under
§60.15(c).

6. Level 7 FTD Requirements and Usage
in Training

As part of the ICAO 9625 alignment
process, the FAA introduced a new
FSTD level to the fixed wing FSTD
evaluation standards in the NPRM. This
FSTD level was based upon the ICAO
9625 Type V device and was intended
to define requirements for a high
fidelity, fixed-base FTD that could be
used to conduct additional introductory
training tasks beyond what the Level 6
FTD is currently qualified to do.
Furthermore, the addition of this FTD
level to the fixed wing standards in part
60 Appendix B would align with the
current Level 7 helicopter FTD
evaluation requirements that are already
in Appendix D of part 60.

Boeing commented that the Level 7
FTD requirements exceed those for
Level A and Level B FFSs. The Level 7
FTD will offer no additional training
credit and appears to have no additional
benefit to the industry. CAE further
commented that while the Level 7 FTD
is introduced and is based upon the
ICAO Type V device, the applicable
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flight crew licensing regulations should
include provisions for training credits
for this device.

The FAA notes that the corresponding
“Tasks vs. Simulator/FTD Level” tables
(Tables A1A and B1B) define the
particular tasks that a particular FSTD
level is qualified to conduct. Table B1B
was updated in the NPRM to include
the Level 7 FTD and adds several tasks
that Level A and Level B FFSs are not
currently qualified to conduct. The
addition of this FSTD level was based
upon the ICAO recommendations to
create a high fidelity, fixed-base FTD in
which introductory training could be
conducted in lieu of a higher cost FFS.
The part 60 FSTD qualification
standards do not currently define such
a high fidelity FTD 34 and the addition
of the Level 7 FTD fills this gap. The
FAA agrees with Boeing and CAE in
that the FSTD qualification standards do
not fully address the allowable training
credit for this new FTD level and the
FAA is currently reviewing supporting
training guidance material to make
corresponding updates to address this
new FSTD level.

Furthermore, the FAA notes that a
similar device level was introduced for
helicopter training (a helicopter Level 7
FTD) with the initial publication of part
60 in 2008. The FAA has qualified
several of these Level 7 helicopter FTDs
since the initial publication of part 60
and these devices continue to be used
within operator’s training programs.

ALPA commented that while they
support the incorporation of the ICAO
9625, Edition 3, guidance, they are
concerned with the intention to increase
use of non-motion devices at the
expense of more realistic training in
higher fidelity devices with motion. In
addition, ALPA stated that they are
“concerned with the stated rationale for
adopting the ICAO Doc 9625, Edition 3
Type V simulator guidance. The NPRM
indicates this guidance will be used to
introduce a new Level VII simulator for
the purposes of increasing the
opportunities to utilize fixed base, non-
motion simulators. Some use of fixed
based simulators is appropriate.
However, the higher the simulator
fidelity is, and the more realistic the
training environment is, the better the
transfer of learning to actual flight will
be.”

ALPA went on to state that the
“highest-level flight simulators need to
be used to the maximum extent
possible. It is imperative that all end-

34 The current Level 6 FTD as defined in part 60
is not validated for most ground maneuvers
(including takeoff and landing tasks) and does not
require a visual system.

level evaluations be conducted in full
flight simulators (FFS) with six degree
of freedom motion cues. Maneuver-
based validation points required by
airline-specific AQP documentation
must be conducted in a FFS with six
degree of freedom motion cues also. In
addition, these FFSs should be used
extensively in advance of evaluations
and validation points to provide
significant opportunity to prepare.”

The FAA notes that the concept of the
Level 7 FTD was based primarily upon
the recommendations made in the ICAO
9625 document. In this document,
through the work of an industry and
government working group, it was
determined that the introduction of
many training tasks could be conducted
in a high fidelity, fixed-base FTD where
the continuation and completion of that
training task (training to proficiency) is
conducted in a FFS with motion cueing.
The FAA shares the commenter’s
concerns regarding the use of FFSs for
end-level evaluations and in advance of
evaluations and validations points. In
the proposal, the FAA attempted to
capture this ICAO concept in the “Table
of Tasks v. FTD Level” (Table B1B),
which defines the minimum qualified
tasks for a specific FSTD level. The FAA
has made additional amendments in the
final rule to better define the differences
in “training” and ‘“‘training to
proficiency” in Table B1B to maintain
consistency with ICAO 9625.

Finally, the FAA notes that the part
60 FSTD qualification standards only
define what training tasks an FSTD is
qualified to conduct and does not define
how the FSTD will be approved for use
in a training program. The FAA is
currently reviewing supporting training
guidance material and will take these
comments into consideration when
making corresponding updates to
address this new FSTD level.

G. General Comments

1. Compliance Period for Previously
Qualified FSTDs

In the proposal, the FAA requested
comment on the proposed three year
compliance period for previously
qualified FSTDs as described in the
FSTD Directive. This request was to
determine if the three year compliance
period was adequate to conduct the
necessary modifications to FSTDs in
consideration of the March 2019
compliance date for the extended
envelope provisions in the Crewmember
and Aircraft Dispatcher Training final
rule.

Delta, American, and A4A
commented that the three year
compliance date proposed in FSTD

Directive No. 2 should be aligned with
the air carrier training rule’s compliance
date of March 12, 2019, for the extended
envelope training provisions. Delta and
A4A additionally commented that there
would not be enough lead time to
develop supplemental data for legacy
aircraft within the proposed three year
compliance period and recommended
that the compliance period be changed
to a firm date of March 12, 2019, to align
with the air carrier training rule.
American and A4A also recommended
that the due date of the FSTD Directive
be 90 days prior to March 12, 2019, for
incorporation and review by the local
training authority.

The FAA agrees with the commenters
in that the compliance period of the
FSTD Directive should be changed to a
firm date that aligns to the Crewmember
and Aircraft Dispatcher Training final
rule compliance date of March 12, 2019,
and has made this change in the final
rule. The FAA is aware that some
aircraft manufacturers and third party
data providers have already made
substantial progress in the development
of simulator data packages to meet the
requirements of the proposed FSTD
Directive and additional data packages
will likely become available for many
FSTD sponsors soon after the
publication date of this final rule.
Finally, it was not the intent of the FAA
that all FSTDs must be modified and
evaluated by the compliance dates
proposed in this rule. As described in
the proposal, only those FSTDs that will
be used to conduct certain training tasks
will require compliance with the FSTD
Directive. This should provide FSTD
sponsors with some flexibility in
determining which FSTDs to modify as
well as determining a timeline for the
FSTD modifications that meets their
training requirements.

2. Alternative Data Sources for Level 5
FTDs

TRU Simulation and A4A commented
that the authorized performance range
tables for Level 5 FTDs in Appendix B
(Table B2B, B2C, B2D, and B2E) are
incorrect for the change force
maneuvers. For each maneuver, the
stick force directions are reversed from
the direction as needed to maintain
airspeed as described. This error exists
in the current part 60 and exists for all
sets of aircraft. TRU Simulation and
A4A further commented that the
alternative data source tables for Level
5 FTDs are invaluable, especially when
flight test data is difficult to come by.
However, there are no data tables
published in the current part 60 for
turbofan/turbojet aircraft. These are the
aircraft where such tables would have
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the biggest positive impact, since the
flight test data gathering is the most
expensive for those aircraft. Following
the release of Change 1 (of part 60),
there was a statement made that the
only reason they were not included in
Change 1 was that there was no time to
prepare them.

The FAA concurs with the
commenters and has amended the
authorized performance range tables in
Appendix B in the final rule to correct
the stated errors in Tables B2B, B2C,
B2D, and B2E. While the FAA agrees
with the commenters that such
additional alternative source data for
turbofan/turbojet aircraft could provide
for less expensive data collection and
validation of Level 5 FTDs, the FAA did
not propose modifications to these
tables and making significant additions
and modifications to these tables would
be out of scope for this rulemaking.

3. Objective Testing for Continuing
Qualification

CAE commented that the requirement
for the objective test sequence that is
part of the quarterly inspections
requires that all of the objective tests as
defined in the applicable QPS are
included in the content of the complete
annual evaluation. There are certain
tests, however, such as visual geometry
and motion frequency domain tests, that
primarily serve to confirm or baseline
the system performance at the initial
evaluation. These tests are significantly
time consuming to run and require
special resources and equipment and do
not necessarily provide value or benefit
as part of the quarterly test sequence.

The FAA agrees with the commenter
in that some tests specified in the table
of objective tests may be time
consuming and require special
equipment to run on an annual basis as
part of the quarterly test sequence.
Concerning the objective motion cueing
test as stated by the commenter, the
FAA concurs that it would not be
reasonable to conduct this test on an
annual basis and has amended the final
rule to only require this test be run at
the initial evaluation.

With regards to the visual geometry
test, the FAA has found that there is
some benefit to verifying that the
FSTD’s visual system geometry has not
been changed over time. As with the
currently accepted practice for visual
geometry testing, the FAA has not
required FSTD sponsors to verify the
visual system geometry on an annual
basis using a theodolite since this
requires special equipment and
resources that most sponsors do not
have. In lieu of conducting such
detailed visual geometry testing on

continuing qualification evaluations,
provisions were added in the NPRM
(Attachment 2, paragraph 18) that were
consistent with the ICAO requirements
allowing for the use of a “hand-held
optical checking device” to check that
the relative positioning is maintained.
Due to this comment and other
comments concerning the complexity of
the visual system geometry test as well
as the fact that the ICAO visual system
geometry test was specified assuming a
200 x 40 degree field of view system, the
FAA has maintained the existing part 60
existing visual geometry test in the final
rule. The FAA has further added
clarifying language in the test
requirement (Table A2A, test 4.a.2) that
allows for methods to quickly check the
visual system geometry for continuing
qualification evaluations.

4. Windshear Qualification
Requirements

In the proposal, the FAA amended the
windshear qualification requirements as
a result of recommendations received
from the SPAW ARC concerning
improvements to windshear training.
These proposed changes included
requirements for complex windshear
models to be available on the FSTD, the
addition of realistic levels of turbulence
associated with windshear, and
requiring that all IOS selectable
windshear profiles have a method to
ensure the FSTD is properly configured
for the selected windshear profile.

With regards to the updated
windshear qualification requirements,
A4A, Boeing, and an anonymous
commenter stated that the proposal
requires all required windshear models
to be selectable and clearly labeled on
the I0S. Additionally, they pointed out
that all IOS selectable windshear
models must employ a method, such as
a simulator preset, to ensure that the
FFS is properly configured for use in
training. This method must address
variables such as windshear intensity,
aircraft configurations (weights, flap
settings, etc.), and ambient conditions to
ensure that the proper windshear
recognition cues and training objectives
are present as originally qualified. The
commenters went on to state that this
implies that all windshear training
scenarios will have to be evaluated for
some specific condition that is not
specified and that this is a far reaching
requirement and should be removed.
The commenters suggested that a more
definitive requirement to have a method
to repeatedly establish a survivable and
a non-survivable windshear scenario
would make more sense and meet the
desired requirement.

The FAA notes that this particular
proposed change to the windshear
qualification requirements was made to
ensure that the windshear models
which are available on the IOS are
properly set up for use in training as
recommended by the SPAW ARC.
Specifically, the SPAW ARC
recommended that all required
windshear models should be selectable
and clearly labeled on the I0S. The
SPAW ARC determined that the labeling
of available windshear models is not
standardized in many FSTDs and
instructors may lack the necessary
information to ensure that the
windshear recognition cues in a
particular training scenario will occur as
desired.

While the FAA agrees that the use of
presets in the simulator should be at the
discretion of the sponsor, there should
be a method employed by the operator
to ensure repeatability of the windshear
training profiles if the instructor has the
ability to change basic parameters of the
aircraft or conditions that would affect
the outcome of the windshear maneuver
(e.g. aircraft gross weight, ambient
conditions, etc.). As described in the
Windshear Training Aid, most
windshear profiles are tuned to produce
specific recognition cues and
performance characteristics for
consistent training scenarios. If the basic
aircraft configuration and ambient
conditions are changed, the instructor
cannot be guaranteed that the windshear
recognition cues and performance
during the escape maneuver will be
present as originally evaluated and
qualified. Since this rulemaking was
originally proposed, the FAA has issued
guidance material 35 to operators
recommending the use of simulator
presets or providing instructor guidance
to ensure that windshear profiles are set
up correctly in training. The FAA
believes that the publication of this
guidance material will sufficiently
address this issue and has amended this
section in the final rule, as suggested by
the commenters, to recommend that a
method to ensure the repeatability of the
windshear required survivable and non-
survivable scenarios be employed in the
FSTD.

5. Miscellaneous Comments

a. Approved Location for Objective and
Subjective Testing

With regards to the changes proposed
for §60.15(e), Delta, A4A, and an
anonymous commenter noted that while

35 Information for Operators (InFO) Number
15004, “Use of Windshear Models in FAA Qualified
Flight Simulation Training Devices”, published
March 13, 2015.
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the NPRM states that the subjective tests
that form the basis for the statements
described in paragraph (b) of this
section and the objective tests
referenced in paragraph (f) of this
section must be accomplished at the
FSTD’s permanent location, except as
provided for in the applicable QPS, we
recommend changing FSTD’s
“permanent location” to FSTD’s
“sponsor designated facility” as an
FSTD may be moved from one location
to another over time. Frasca further
commented that current FAA guidance
allows for objective testing to be run at
the FSTD manufacturer’s facility as an
option for submitting the required
qualification test guide (QTG) prior to
the initial evaluation.

The FAA concurs with the
commenters and has amended the final
rule to state that this testing “must be
accomplished at the sponsor’s training
facility or other sponsor designated
location where training will take place,
except as provided for in the applicable
QPS.” With regards to Frasca’s
comment, the ability to submit QTG test
results conducted at the manufacturer’s
facility is defined in the applicable QPS
(see Appendix A, paragraph 11.h.) and
has not changed in this rulemaking. The
submission of QTG test results in this
manner will remain acceptable as
described in the applicable QPS.

b. Increasing the Credit for Time in a
Simulator

An individual commented that
general aviation needs more extensive
use of simulators rather than less.
Reducing the number of hours a
simulator can be used towards a private
or instrument rating is bad for aviation
and the flying community. Letters of
authorization should increase the usage
of simulator training allowed.

The FAA notes that this rulemaking
has not reduced the number of hours
that a FSTD can be used for a private
pilot or instrument rating. The FAA
believes the commenter is referring to
training devices not covered under part
60. Those devices are referred to as
aviation training devices. An approved
aviation training device, if determined
to meet the standards in AC 61-136A,36
will receive a letter of authorization
from the FAA, which specifies the
amount of credit a pilot may take for
training time in that specific device
towards a pilot certificate or rating.
Revising the amount of credit a pilot can
take for training in any aviation training

36 Advisory Circular (AC) 61-136A, FAA
Approval of Aviation Training Devices and Their
Use for Training and Experience (2014).

device or FSTD is outside the scope of
this rulemaking.

H. Economic Evaluation

In July 2014, the FAA conducted a
preliminary regulatory evaluation to
estimate the costs and benefits of the
provisions proposed in the NPRM. This
regulatory evaluation was posted on the
public docket with the NPRM. The
agency received several comments on
the NPRM from air carriers, FSTD
manufacturers, and trade associations.

1. Cost of Aerodynamic Modeling and
Implementation

An individual commenter questioned
whether the FAA factored in the costs
associated with the acquisition of OEM
data needed to comply with the new
requirements; the costs associated with
obtaining licenses for third party
implementation of data; and the costs
associated with the loss of FFS
utilization/revenue for the changes,
design, implementation, installation,
validation and actual FAA qualification
activities. American, Delta, JetBlue, and
A4A made similar comments on the
basis of the simulator modification costs
and how the FAA can provide an
estimate if data licensing pricing and
implementation costs are unknown.
American and A4A additionally
commented that the FAA needs to
provide their assumptions used for the
cost analysis. In addition, A4A further
commented that the cost estimate for
implementation of UPRT is not realistic,
is understated, and will depend upon
the host and software architecture of the
device being updated. A4A also stated
that once more definitive data is
developed the FAA should prepare a
supplemental regulatory impact analysis
(RIA) to update the cost estimate for
upgrading FSTDs and provide more
detail on the assumptions used in the
analysis.

The FAA notes that in the preliminary
RIA, the estimated cost of aerodynamic
model development included all
modifications needed to meet the
standards proposed for full stall, UPRT,
and icing evaluation. This cost was
estimated on a per model basis for
grandfathered FSTDs and was further
broken down into “complex” and
“simple” projects that were based upon
the likelihood that existing data was
available to support the necessary
modifications. This cost was estimated
based upon feedback from an industry
questionnaire which estimated the cost
of a “complex’” model development at
$100,000 and a “‘simple” model
development at $60,000. Since many
FSTDs share a common aerodynamic
model developed by a common source,

it was assumed that the costs of
aerodynamic model development would
be distributed amongst the purchasers of
the model. Section II.d. of the RIA that
was published with the NPRM, fully
explained the agency’s assumptions and
rationale used to develop the cost
estimates.

With regards to implementation costs,
the FAA calculated this separately from
the aerodynamic model development
costs on a per unit basis since
implementation costs would impact
individual FSTDs and not be distributed
amongst several FSTDs. The FAA
estimated the per unit costs as $77,307
per FSTD to include implementation
costs, lost productivity/revenue, SME
pilot testing, and hardware
modifications. This estimate includes 45
hours of lost training time at $500 per
hour to conduct these activities. This
estimate was based upon the responses
from an industry questionnaire and is
fully explained in the RIA that was
placed on the public docket with the
NPRM. The FAA did not receive any
cost estimates in the public comments
concerning additional licensing fees for
the implementation of data by a third
party.

An individual commenter further
questioned the cost basis for the icing
modifications and that the summary is
not based on any factual, verifiable
analysis. The commenter further stated
that assumptions are made that icing
upgrades can be accomplished at the
same time as non-icing upgrades and
that there is no basis in fact for this
statement and because of that, the costs
are artificially low. A4A and American
made similar comments concerning the
cost of the required modifications for
icing.

The FAA notes that the costs for the
aerodynamic modeling development
necessary for both the full stall
requirements and the icing requirements
were estimated based upon the
responses from an industry
questionnaire. Since most simulators for
transport category aircraft currently use
icing models that are supplied by a
common source as that of the
aerodynamic model, the FAA assumed
the updated models for both full stall
and icing would likely be developed
concurrently by the data provider and
subsequently installed by the FSTD
sponsors as a package in most cases.
The agency’s rationale for the
breakdown of aerodynamic modeling
costs for both stall and icing are
described in the regulatory evaluation
that was published with the NPRM.

In response to these comments, the
FAA has revised its cost estimates for
the final rule to include additional
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information gathered from air carriers,
FSTD manufacturers, and data providers
to better estimate the cost of this rule.
One aircraft OEM simulator data
provider has indicated that the
estimated cost of an enhanced stall
model would be in the area of $25,000
per FSTD. Furthermore, this data
provider stated that in order to support
the installation of an enhanced stall
model, FSTDs running certain versions
of their data package would need to be
brought up to the latest revision or
blockpoint before this installation can
take place. The FAA also obtained a cost
estimate from a third party provider to
implement its model on FSTDs.

As a result of this additional
information as well as further analysis
conducted on FAA FSTD qualification
records, the FAA was able to group the
FSTDs into seven different categories.
The groups were based upon the
estimated cost components to
implement the modifications needed to
meet the requirements of FSTD
Directive No. 2. The estimated costs are
separated by various factors such as the
anticipated source of the aerodynamic
data, whether the FSTD will need a
standard data revision before further
modifications can occur, whether the
FSTD could potentially need a
significant hardware update, and other
factors that might affect the overall cost
to meet the requirements of this final
rule. This refined granularity for
categorizing the FSTDs as well as the
estimated cost for each category of FSTD
is fully explained in the final RIA that
is published with this final rule.

2. Cost of Instructor Operation Station
(IOS) Replacement

American commented that the cost to
bring an FSTD into compliance with
FSTD Directive No. 2 is low by many
orders of magnitude. Older simulators
will need new IOSs since many FSTDs
cannot support the required graphics
capabilities and would have to be
replaced. American further commented
that they have a rough estimate from
one vendor that it will cost $250,000
alone for IOS update/replacement. A4A
made similar comments that older
simulators would need IOS replacement
at an estimated cost of $250,000 in order
to meet the instructor feedback
mechanism requirements for UPRT.
A4A further commented that this
underestimated cost is a concern
because there is no benefit to this
element of the proposal as there are
other methods available to provide
instructors with the information
necessary to evaluate a pilot’s skills
during simulator sessions that are used
successfully today. The record and

playback function should be left as an
option available to FSTD customers, but
it should be removed from this
proposed rule.

The FAA notes that the requirements
for UPRT in the proposal and in the
final rule do not specifically require the
use of graphical displays to provide the
necessary feedback. The FAA provided
some example displays in Attachment 7
of Appendix A, but these examples are
within an “information” section as
recommendations, but are not
regulatory. The FAA acknowledges that
the instructor feedback that is necessary
for UPRT could potentially be
accomplished using methods other than
graphical displays (such as numerical or
discrete feedback at the I0OS) and the
agency has not been overly prescriptive
in the final rule that requires a single
solution. The FAA further notes that the
requirement for video and audio
recording and playback has been
removed in the final rule as discussed
in previous sections and this should
provide some cost relief in meeting the
requirements for UPRT. Finally, the
FAA agrees with American and A4A in
that there are a small number of older
simulators still in operation which may
have I0S display systems that cannot
meet the requirements for UPRT
without extensive modification or
replacement. The FAA has made
adjustments to the final RIA to account
for the additional cost of replacing old
I0S display systems for some older
FSTDs.

3. Affected FSTDs and Sponsors

American commented that “. . . the
FAA indicates cost savings by Sponsors
not modifying all FSTDs, just part of the
fleet. This is not an option for
[American] and we believe all sponsors.
This would impose scheduling
complexity. Cost and other factors
should be reviewed in the context of
modifying all part 121 flight simulators.
It is not feasible to only modify part of
a simulator fleet and efficiently
schedule crews. Our plan is to modify
all FSTDs in our fleet. This will drive
the costs higher with increase data
licenses, implementation costs, and
training impact. This does not provide
additional cost relief for the sponsors.”
Similar comments were made by A4A.
An individual commenter stated that it
appears that the effect on the industry
could include a larger number of Level
C and Level D FFSs than the 322 cited
in the RIA and asked if the FAA
calculated total costs if all currently
FAA qualified Level C and Level D
devices were to comply with FSTD
Directive No. 2. This commenter further
questioned whether the FAA calculated

the cost to a sponsor if an FFS were to
not comply with FSTD Directive No. 2.

The FAA notes that the cost estimates
for FSTD Directive No. 2 included the
cost to update and evaluate all Level C
and Level D FFSs that could potentially
be used to meet the part 121 extended
envelope training requirements. The
FAA assumed that all part 121 Level C
and Level D FFSs would require
updating and did not include any cost
reductions in the RIA. These
assumptions and the associated
rationale were fully described in the
RIA that was published with the NPRM.

The FAA further notes that the costs
for previously qualified FSTDs were
derived solely from the proposed FSTD
Directive for full stall, upset recovery,
icing, bounced landing recovery, and
gusting crosswind FSTD evaluation
requirements in the NPRM. Compliance
with this Directive is only required for
sponsors of FSTDs that will be used to
deliver such training. The only
operators required to conduct such
training are air carriers operating under
part 121. The estimated 322 FSTDs were
derived from those currently qualified
FSTDs that simulate an aircraft that is
likely to be used in a U.S. part 121 air
carrier’s training program. Since the
NPRM was published, the number of
FSTDs that could be impacted by the air
carrier training requirements has
increased from 322 to 335 FSTDs. We
assumed that the cost of modifying the
previously qualified FSTDs that are not
used in part 121 training are not a cost
of this rule because these operators are
not required to conduct such training
for these particular tasks. If a sponsor
chooses not to offer the training defined
in the FSTD Directive, there are no
additional requirements or costs
imposed by this rule for previously
qualified FSTDs.

American and A4A commented that
the provisions included in the NPRM
for Level A and Level B FFSs have no
applied cost savings for sponsors since
there are no Level A or Level B FFSs for
part 121 sponsors.

The FAA notes that as of the close of
the comment period of the NPRM, one
Level A and one Level B FFS are still
in operation and actively sponsored by
part 121 operators. No cost savings were
applied in the RIA for Level A and Level
B FFSs as stated by the commenters.

Frasca commented that the NPRM
stated that only sponsors are affected by
this rule and FSTD sponsors are air
carriers who own simulators to train
their pilots or training centers that own
simulators and sell simulator training
time. Frasca went on to state that this
statement assumes only part 119 and
part 142 organizations, implying part
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141 sponsors were not considered in the
analysis. The FAA should consider
reevaluating the analysis of small
entities taking into consideration part
141 organizations that sponsor FSTDs.
CAE further commented that FSTD
manufacturers, aircraft OEMs and other
data providers are also affected by these
requirements.

The FAA acknowledges CAE’s
comment in that other entities beyond
the FSTD sponsor may be indirectly
affected by this rule; however, the part
60 requirements apply to FSTD
sponsors and not directly to the FSTD
manufacturers and data providers. The
FAA concurs with Frasca’s comment in
that all affected FSTD sponsors should
be considered in the cost analysis of the
rule. The FAA points out that the cost
estimates in the RIA considered all
FSTDs and sponsors that may be
affected by this rulemaking, regardless
of the certificate held by the sponsor.3”
For previously qualified FSTDs that will
have to meet the requirements of FSTD
Directive No. 2 to conduct extended
envelope training tasks, these estimates
were based upon an analysis of FSTDs
that could potentially be used in part
121 training programs to meet the air
carrier training requirements, regardless
of the sponsor’s operating certificate.
For newly qualified Level C and Level
D FFSs that will be required to meet the
updated requirements that were aligned
with the ICAO 9625 document, this
estimate was conducted using historical
data on all new Level C and Level D
FFSs that the FAA has initially qualified
within the last 10 years. The specific
impact on small entities was fully
explained and accounted for in the RIA.

4. Costs and Benefits of ICAO
Alignment

A4A commented that, in the NPRM,
the FAA states that “Internationally
aligned FSTD standards facilitate cost
savings for FSTD operators because they
effectively reduce the number of
different FSTD designs that are
required.” A4A further stated that “We
can find no simulator manufacturer
information in the docket to substantiate
this statement. The FAA should explain
and provide the basis for this statement.
Based on past experience, the A4A
believes that simulator manufacturers
will continue to differentiate their
product features instead of adopting one
design due to aligned standards. Unless
simulator manufacturers can provide
product pricing information that proves
otherwise, there will be no savings for

37§60.7(a) requires that an FSTD sponsors holds
or is an applicant for a certificate under part 119,
141, or 142.

purchasers of FSTDs as a result of the
alignment proposed in this rule. A final
or supplemental RIA must therefore
eliminate reference to or quantification
of illusory benefits from internationally-
aligned FSTD standards.”

The FAA notes that while the NPRM
and RIA references qualitative benefits
and potential cost savings due to
internationally aligned FSTD evaluation
standards, there were no quantified
benefits included in the preliminary or
final RIA. The FAA acknowledges that
there will be a small cost associated
with updating the part 60 FSTD
evaluation standards to the latest ICAO
9625 document. In the RIA that was
published with the NPRM, the FAA
estimated the cost of compliance to
initially qualify a new FSTD under the
proposed standards that were aligned
with ICAO 9625, Edition 3. Based upon
the responses to a questionnaire that
was distributed to industry for the
purposes of determining these costs, the
FAA estimated the recurring and non-
recurring cost of compliance with the
internationally aligned standards to be
approximately $30,431.82 per FSTD.
Considering that the cost of a new Level
C or Level D FSTD can range from $8
million or more, the incremental cost of
compliance with the internationally
aligned standards will represent less
than 0.5 percent of the cost of a new
FSTD. Furthermore, as a result of the
comments received on the NPRM as
discussed in previous sections, the FAA
has removed and/or modified some of
the more costly requirements in the
final rule which were introduced by the
ICAO alignment (e.g., the visual field-of-
view requirement and the transport
delay requirement). This will further
reduce the estimated incremental cost of
ICAO alignment that was estimated in
the NPRM. The final rule estimate does
not include these potential cost savings
and therefore likely over estimates costs.

The FAA maintains that alignment
with updated international FSTD
evaluation standards benefits industry
in a number of ways. Because updates
made to the ICAO document are
typically conducted by working groups
with a significant amount of industry
participation, many of those changes are
made to correct problems with the
existing standards that result in
requirements that are sometimes less
restrictive, deal with new technology
that is not adequately addressed in
existing standards, and clarifies
requirements that are ambiguous in
nature and left to subjective assessment.
For example, in the current part 60,
objective tests that are validated against
engineering simulation data are
generally required to meet tighter

tolerances than that of objective tests
that are validated against flight test
data.38 Due to practical issues with
evaluating FSTDs against such tighter
tolerances, ICAO 9625, Edition 3,
provided relief to this requirement
which now allows up to 40 percent of
flight test tolerances to be used to
evaluate engineering simulation
validated objective tests. This is a less
restrictive requirement that corrected an
issue that was found to be problematic
by FSTD sponsors, FSTD manufacturers,
data providers, and regulators. As a
result of the ICAO alignment,
corresponding changes were proposed
for the part 60 QPS. Several other
examples exist in the ICAO 9625
alignment where less restrictive
objective test tolerances were proposed
or new objective evaluation
requirements were introduced to replace
subjective assessments (e.g., standards
for liquid crystal display (LCD) or liquid
crystal on silicon (LCoS) visual display
systems). In many cases, objective
tolerances are preferable to industry
because they eliminate the inherent
variance amongst inspectors and
evaluators when conducting a subjective
assessment.

Additionally, international alignment
can reduce redundant testing
requirements and documentation for
sponsors of FSTDs that are qualified by
multiple national aviation authorities. A
long standing requirement for the
qualification of FSTDs by the FAA and
many other national aviation authorities
is the development of a MQTG which
documents that the FSTD meets the
evaluation requirements and any
required objective testing of the FSTD as
compared to flight test or other
validation data. Where FSTDs are
qualified by different countries and
national aviation authorities under
different standards, the FSTD sponsor is
sometimes required to create redundant
documentation and conduct additional
testing to meet each individual
qualification standard. This usually
results in complex differences matrices
and, in some cases, completely different
MQTG documents for each qualifying
authority. Where standards are aligned
on an international basis, this redundant
documentation and testing burden can
be significantly reduced. Furthermore,
because much of the flight test data
needed to validate the individual
objective test cases is supplied by
common data sources, the burden on the
simulation data providers can

3814 CFR part 60, Appendix A, Attachment 2,
paragraph 11 “Validation Test Tolerances”
recommends that 20% of the corresponding flight
test tolerances should be used.
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potentially be reduced through a
reduction of flight test data collection
needed to meet the requirements of
multiple different FSTD evaluation
standards.

Finally, as mentioned previously in
this document, the FAA believes that a
large portion of industry looks favorably
on international alignment and has
demonstrated a willingness to adopt
such standards in the past. Since the
publication of ICAO 9625, Edition 3, in
2009, the FAA has received numerous
inquiries and requests from many
sectors of the industry (including air
carriers, trade associations, FSTD
manufacturers, and FSTD data
providers) requesting the adoption of
this updated document. Prior to this
rulemaking, previous versions of the
FAA and European FSTD evaluation
standards were developed and aligned
with previous versions of the ICAO
9625 document. This included the
FAA’s (draft) AC 120-40C which was
aligned with the ICAO 9625, Edition 1,
document as well as the existing (2008)
part 60 standard, which was aligned
with the ICAO 9625, Edition 2,
document. Further demonstrating
industry’s desire to maintain alignment
with the latest international FSTD
evaluation standards, during the time
period between 1995 and 2010 before
the initial part 60 rule became effective,
industry requested and the FAA
qualified over 250 FSTDs using more

stringent internationally aligned FSTD
evaluation standards on a completely
voluntary basis.39 The FAA believes this
is strongly indicative that many sectors
of the industry have found benefits in
using internationally aligned FSTD
evaluation standards to initially qualify
new FSTDs.

IV. Regulatory Notices and Analyses

A. Regulatory Evaluation

Changes to Federal regulations must
undergo several economic analyses.
First, Executive Order 12866 and
Executive Order 13563 direct 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. We
suggest readers seeking greater detail
read the full regulatory evaluation, a
copy of which we have placed in the
docket for this rulemaking.

In conducting these analyses, the 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.

Total Benefits and Costs of This Rule

The table below summarizes the
estimated costs and benefits of this
proposal.

Present value
at a 3% rate

Present value
at a 7% rate

FSTD Modifications for New Training Requirements:

Cost

Benefits ..oooeeiiiieee e

Icing provisions:
Cost

Benefits ...ccvveeiee e

Aligning Standards with ICAO:

$72,716,590 $63,610,049 $68,562,049

Rational simulator owner will choose to comply.

$1,256,250 $1,098,926 $1,184,476

Only one prevented severe injury valued at $2.5
million makes the icing benefits exceed the costs.

L0 TSP PR PRI $6,875,000 $5,356,979 $6,132,690
BENEFILS ..ttt ettt e be e et be e b e e naeeereenane Improved safety and cost savings

LIt U 7T SRS P SR PR S RPR ORI $80,847,840 $70,065,954 $75,879,215

Costs separate benefit bases. These three sets =~ FSTDs to enable training required by the

Within each of the estimates we
estimated three separate sets of costs,
and later in the document provide

39 Before part 60 was initially published, the FAA
authorized the use of other FSTD evaluation
standards as an alternate means of compliance to
AC 120-40B. The FAA initially qualified 166

include:

Modifications of Previously Qualified
FSTDs for New Training Requirements.
The first set of costs will be incurred to
make the necessary modifications to the

FSTDs against the (draft) AC 120-40C and the ICAO
9625 (edition 2) documents. Another 90 FSTDs
were initially qualified under the European JAR
STD-1A (amendment 3) standard which was also

new Crewmember and Aircraft
Dispatcher Training final rule. A
potential lack of full flight simulator
(FFS) fidelity could contribute to
inaccurate or incomplete training for

substantially harmonized with the ICAO 9625
(edition 2) document.
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“extended envelope” training tasks in
the new training rule, therefore FSTDs
will require evaluation and modification
as defined in the FSTD Directive of this
part 60 final rule.

Icing Provisions. The second set of
costs will be incurred for the evaluation
and modification of engine and airframe
icing models which will enhance
existing training requirements for
operations using anti-icing/de-icing
equipment. This improvement is based
on NTSB safety recommendations,
recommendations from the International
Committee on Aviation Training in
Extended Envelopes (ICATEE) and the
Stick Pusher and Adverse Weather
Event Training Aviation Rulemaking
Committee (SPAW ARC), and it aligns
with the updated International Civil
Aviation Organization (ICAQO) 9625
standards. Most of the models that will
be installed to update STDs for new
training requirements will meet the
icing requirements as well. However,
the FAA estimates about 15 percent of
all of the FSTDs may need additional
icing updates to be compliant with the
final rule and we estimate the costs of
these additional updates.

Aligning Standards with ICAO. Lastly
there are a set of changes to the part 60
Qualification Performance Standards
(QPS) appendices which will align the
FSTD standards for some FSTD levels
with those of the latest ICAO FSTD

evaluation guidance. This last set of
changes will only apply to newly
qualified FSTDs.

Assumptions:

A. Estimates are in 2012 $.

B. The estimated number of
previously qualified FSTDs that will
potentially be affected by the rule (335)
includes all FSTDs that are capable of
providing training for part 121
operations and as such are likely to be
an overestimate of the number of FSTDs
that will be affected by this rule, as
some devices may not be used for the
training.

C. As in the NPRM Regulatory Impact
Analysis for newly qualified FSTDs, we
expect minimal incremental cost to
meet the standards for the new tasks in
the Crewmember and Aircraft
Dispatcher Training final rule and the
standards for icing.

Who is Potentially Affected by This
Rule?

Sponsors of flight simulation training
devices.

Changes to Costs From the NPRM to the
Final Rule

The FAA made two major changes in
the final rule that might be cost
relieving, although the FAA did not
include these cost savings in the
estimated costs.

A. Removal of audio/video record and
playback capability requirement;

B. Removal/adjustment of the visual
system field of view (FOV) and the
transport delay requirements.

The FAA has also revised its cost
estimates for the final rule to include
additional information gathered from air
carriers, FSTD manufacturers, and data
providers to better estimate the cost of
this rule. One aircraft OEM simulator
data provider has indicated that the
estimated cost of an enhanced stall
model would be in the area of $25,000
per FSTD. Furthermore, this data
provider stated that in order to support
the installation of an enhanced stall
model, FSTDs running certain versions
of their data package would need to be
brought up to the latest revision or
blockpoint before this installation can
take place. The FAA also obtained a cost
estimate from a third party provider to
implement its model on FSTDs. As a
result of this additional information and
data and comments received, the FAA
has updated its cost estimates for the
final rule. Details on the analysis can be
found in the Regulatory Impact Analysis
accompanying this final rule.

The table below shows the estimates
derived during the NPRM phase, and
the final rule updated cost estimate from
data obtained after NPRM publication.
The table indicates the three separate
sets of costs incurred over a ten year
period.

Final rule cost Final rule cost
NPRM Final rule cost ’:‘I:Eg/l aﬁ"’aes;‘?,?t estimate ’:‘I:Eg/l al:t’rae%%?t estimate
Estimate estimate rate ° | present value rate ° | present value
at a 7% rate at a 3% rate
FSTD modifications for New Training Re-
quirements:
COSt e $45,215,480 $72,716,590 $32,286,867 $63,610,049 $39,014,931 $68,562,049
Icing provisions:
COSt e 468,000 1,256,250 334,183 1,098,926 403,822 1,184,476
Aligning Standards with ICAO:
COSt it 6,695,000 6,875,000 4,273,464 5,356,979 5,473,924 6,132,690
Total Cost ....ocovvrieeeeeeee 52,378,480 80,847,840 36,894,514 70,065,954 44,892,676 75,879,215

Benefits of This Rule

Modifying FSTDs To Support the
Crewmember and Aircraft Dispatcher
Training Final Rule

The best way to understand the
benefits of this final rule is to view them
in conjunction with the new
Crewmember and Aircraft Dispatcher
Training final rule. In that rule, the cost/
benefit analysis assumed that the new
extended envelope training tasks would
be conducted in a FSTD capable of
producing the flight characteristics of an

aircraft in a stall or upset condition. The
Crewmember and Aircraft Dispatcher
Training final rule estimated a $500
hourly FSTD rental rate that included
all modifications expected to be
required by this final rule. Alternative
sensitivity analyses used $550 and $600
hourly FSTD rates to reflect the
possibility of additional costs for the
modifications. The costs generated by
either hourly rate were justified and
captured by the benefits of that rule.

This final rule takes the next step to
develop qualification standards for

updating these FSTDs to ensure the
extended envelope training provided is
conducted in a realistic, accurate
training environment. These
modifications require FSTD owners 4° to
purchase and install updated data
packages, the costs of which are a cost
of this rule. Revenues received by FSTD
owners for providing a modified FSTD
required by the new training tasks are

40We use the term owner here and elsewhere
rather than sponsor because in isolated instances
the FSTD sponsor may not be the owner of the
device.
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costs previously accounted for in the
Crewmember and Aircraft Dispatcher
Training final rule and justified by the
benefits of that rule. This revenue over
time exceeds the cost of this final rule.

The part 60 standards and FSTD
modification expense supporting the
new training is $72.7 million ($63.6
million in present value at 7 percent)
and has been fully justified by the new
Crewmember and Aircraft Dispatcher
Training final rule.

Icing Provisions

The second area for benefits is for the
icing update. Although this update is
not in response to a new training
requirement, it will enhance existing
training requirements for operations
involving anti-icing/de-icing equipment
and further address NTSB, 4142 ICATEE
and SPAW ARC recommendations to
the FAA. It also aligns with the updated
ICAO 9625 standards. These costs are
minor at approximately $1.3 million
dollars and are expected to comprise a
small percentage of the total cost of
compliance with the FSTD Directive.
One avoided severe injury would justify
the minor costs of complying with these
icing requirements. We received no
comments on this benefit discussed in
the proposed rule.

Aligning Standards With ICAO

Lastly, we have not quantified
benefits of aligning part 60 qualification
standards with ICAO guidance, but we
expect aligned FSTD standards to
contribute to improved safety as they
are developed by a broad coalition of
experts with a combined pool of
knowledge and experience. The FAA
expects more realistic training to result
from these changes. The changes are
expected to improve overall FSTD
fidelity by enhancing the evaluation
standards for visual display resolution,
system transport delay, sound direction,
and motion cueing.

Furthermore, internationally aligned
FSTD standards for FSTD sponsors can
reduce the redundant testing and
documentation that are required to meet
multiple national regulations and
standards for FSTD qualification,
potentially resulting in cost savings.

The addition of the Level 7 FTD
through the ICAO alignment will
provide training providers with more
options that do not exist today to
conduct training at lower cost. If the
sponsor chooses to qualify a level 7
FTD, it is because they expect the

41 NTSB recommendations A—11-46 and A-11—
47 address engine and airframe icing.
42 www.ntsb.gov.

benefits to exceed the costs. We have
not quantified these costs and benefits.

B. 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.

However, if an agency determines that
a rule is not expected to have a
significant economic impact on a
substantial number of small entities,
section 605(b) of the RFA provides that
the head of the agency may so certify
and a regulatory flexibility analysis is
not required. The certification must
include a statement providing the
factual basis for this determination, and
the reasoning should be clear. The FAA
made such a certification for the initial
regulatory flexibility analysis, received
no comments, and provides the factual
basis below for such a determination in
this final regulatory flexibility analysis.

Description and Estimate of the Number
of Small Entities

Only FSTD sponsors are affected by
this rule. FSTD sponsors are air carriers
that own FSTDs to train their pilots or
training centers that own FSTDs and
sell FSTD training time. To identify
FSTD sponsors that could be affected
retroactively by the FSTD directive,3
the FAA subjected the 876 FSTDs with
an active qualification by the FAA to
qualifying criteria designed to eliminate
FSTDs not likely to be used in a part
121 training program for the applicable

43 Part 60 contains grandfather rights for
previously qualified FSTD so the FAA would
invoke an FSTD Directive to require modification
of previously qualified devices. The FSTD Directive
process has provisions for mandating modifications
to FSTDs retroactively for safety of flight reasons.
See 14 CFR part 60, § 60.23(b).

training tasks (i.e., stall training, upset
recovery training, etc.). The remaining
list of 335 FSTDs (included in
Appendix A of the regulatory
evaluation), were sponsored by the 29
companies presented in the table below.

FSTD Sponsor # of FSTDs
ATS.INC. oo, 1
ABX Air, InC. ..ooocvviiiiiie 2
AIMS Community College .... 1
Airbus ..o 6
Alaska Airlines ........cccoeeeuee. 4
Allegiant Airlines ................... 1
American Airlines .................. 50
Atlas Air, INC .....ccoeiiiiiinne 3
Boeing Training and Flight

Services 42
CAE SimuFlite Inc. ............... 9
Compass Airlines, LLC ......... 1
Delta Air Lines, Inc. .............. 27
Embry Riddle Aeronautical

UNiV. e, 1
Endeavor Air .......cccccoeveenen. 2
ExpressJet Airlines, Inc. ....... 3
Federal Express Corp. ......... 19
FlightSafety International ...... 69
Global One Training Group,

LLC e 1
Hawaiian Airlines, Inc. .......... 1
JetBlue Airways ........ccceeeee. 6
Kalitta Air, LLC ..... 2
Pan Am International Flight

Academy .......ccccceeiiineenne 26
Sierra Academy of Aero-

NAULICS ....ccovviiiiiiiiieiies 2
Southwest Airlines ... 10
Spirit Airlines, Inc. ................. 3
Strategic Simulation Solu-

tions LLC. oo, 3
Sun Country Airlines ... 1
United Airlines ............ 31
United Parcel Service ........... 8

Total e 335

To determine which of the 29
organizations listed in the previous
table are small entities, the FAA
consulted the U.S. Small Business
Administration Table of Small Business
Size Standards Matched to North
American Industry Classification
System Codes.#4 For flight training
(NAICS Code 611512) the threshold for
small business is revenue of $25.5
million or less. The size standard for
scheduled passenger air transportation
(NAICS Code 481111) and scheduled
freight air transportation (NAICS Code
481112) and non-scheduled charter
passenger air transportation (NAICS
Code 481211) is 1,500 employees. After
consulting the World Aviation
Directory, and other on-line sources, for
employees and annual revenues, the
FAA identified eight companies that are
qualified as small entities. In this

44 http://www.sba.gov/sites/default/files/files/
Size_Standards_Table.pdf.
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instance, the FAA considers eight a
substantial number of small entities.

Economic Impact

The economic impact of this rule
applies differently to previously
qualified FSTD sponsors than it would
to newly qualified FSTD sponsors.
Below is a summary of the two separate
analyses performed. One determines the
impact of the final rule on small entities
that will have to update their previously
qualified devices and the other analysis
determines the impact on those that
would have to purchase a newly
qualified device.

Economic Impact of Upgrading
Previously Qualified FSTDs

Five of the eight small entities are
training providers. They are expected to
offer this new required training as there
would be increased demand for training
time in their FSTDs because in addition
to current requirements for training, all
part 121 PICs and SICs must have two
hours of additional training in the first
year and additional training time in the
future. The FAA found that costs that
will be incurred by these small entities
in order to train pilots in the tasks
required by the new training rule, range
from $122,300 to $335,842 45 per FSTD
and can be recovered by renting the
FSTD for 245 hours 46 to 672 hours.#” To
recover modification costs within one
year the training company would have
to rent the most expensive modified
FSTD for 7 two-hour sessions per week
(14 hours/week) and 2 hour two-hour
sessions per week (4 hours/week) in the
case of the least expensive modification.
In fact, the owners of these FSTDs will
have guaranteed revenue for the life of
the airplane used in part 121 operations.
Therefore, the rule provides additional
profit and would not impose a
significant economic impact on these
companies. Further, if the training
company does not expect to recoup its
costs in a reasonable amount of time for
a particular FSTD it has the option not
to offer the new part 121 training in that
FSTD. Therefore, it will not have to
incur the modification cost for that
device.

45 There are higher estimated per FSTD costs to
update the FSTDs to meet the new training
requirements, but these higher costs are for FSTDs
owned by large entities.

46($122,300 divided by $500 = 245 hours,
resulting in 123 two hour sets—(245/2). If the
training company offered 2 two hour sets per week
it would recover its costs within a year (123/52 =
2).
47($335,842/$500 = 672 hours, resulting in 336
two hour sets—(672/2). If the training company
offered 6 two hour sets per week it would recover
its costs within a year (336/52 = 6).

Three of the companies identified as
small businesses are part 121 air
carriers. They have to comply with the
Crewmember and Aircraft Dispatcher
Training final rule by training their
pilots in FSTDs that meet the standards
of this part 60 rule. The additional pilot
training cost in a modified FSTD was
accounted for and justified in that
training final rule. This part 60 rule
simply specifies how the FSTDs need to
be modified such that the new training
will be in compliance with the
Crewmember and Aircraft Dispatcher
Training final rule. These part 121
operators have two options. They can
purchase training time for their pilots at
a qualified training center. Alternatively
they could choose to comply with the
FSTD Directive by modifying their own
FSTDs to train their pilots for the new
training tasks. For these operators who
already own FSTDs, the cost of
complying with the FSTD Directive is
estimated to be less than the cost of
renting time at a training center to
comply with the new requirements.
Therefore, we expect that they will
choose to modify their devices because
it will be less costly to offer training in-
house than to send pilots out to training
centers. The cost to train pilots in the
tasks required by the training rule is a
cost of the training rule and not this
rule. Thus, the rule will not impose a
significant economic impact on these
companies, because by modifying their
FSTDs these operators will lower their
costs.

An estimated 50 of the FSTDs (15
percent) may require additional
modifications to comply with the icing
requirements of the final rule. We do
not know how many are small
businesses however the estimated cost
of these additional icing modifications
($25,000) are less than 0.3 percent of the
estimated $10 million cost of a FSTD,
which is not a significant impact.

Economics of Newly Qualified Devices

It is unknown how many sponsors of
newly qualified FSTDs in the future
may qualify as small entities, but we
expect it will be a substantial number as
it could include some or all of the eight
identified above. The FAA expects the
final rule requirements that address the
new training tasks and modify the icing
FSTD requirements to be included in
future training packages, the revenues
obtained from training will exceed the
costs, and the cost will be minimal for
a newly qualified FSTD. The
requirement to align with ICAO
guidance however, will result in some
cost. The FAA does not know who in
the future will be purchasing and
qualifying FSTDs after the rule becomes

effective. The FAA estimates that the
incremental cost per newly qualified
FSTD will be approximately $33,000.
This is less than 0.5 percent of the cost
of a new FSTD, which generally costs
$10 million or more. Therefore we do
not believe the final rule will have a
significant economic impact on a
substantial number of small entities that
purchase newly qualified FSTDs after
the rule is in effect.

Thus this final rule is expected to
impact a substantial number of small
entities, but not impose a significant
negative economic impact. We made a
similar determination in the initial
regulatory flexibility analysis and
received no comments. Therefore, as
provided in section 605(b), the head of
the FAA certifies that this rulemaking
will not result in a significant economic
impact on a substantial number of small
entities.

C. International Trade Impact
Assessment

The Trade Agreements Act of 1979
(Pub. L. 96-39), as amended by the
Uruguay Round Agreements Act (Pub.
L. 103-465), prohibits Federal agencies
from establishing standards or engaging
in related activities that create
unnecessary obstacles to the foreign
commerce of the United States.
Pursuant to these Acts, the
establishment of standards is not
considered an unnecessary obstacle to
the foreign commerce of the United
States, so long as the standard has a
legitimate domestic objective, such as
the protection of safety, and does not
operate in a manner that excludes
imports that meet this objective. The
statute also requires consideration of
international standards and, where
appropriate, that they be the basis for
U.S. standards. The FAA has assessed
the potential effect of this final rule and
determined that the rule will provide
improved safety training and will use
international standards as its basis and
does not create unnecessary obstacles to
the foreign commerce of the United
States, and the purpose of this rule is
the protection of safety.

D. Unfunded Mandates Assessment

Title II of the Unfunded Mandates
Reform Act of 1995 (Public Law 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 (in
1995 dollars) 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
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uses an inflation-adjusted value of
$155.0 million in lieu of $100 million.

E. Paperwork Reduction Act

The Paperwork Reduction Act of 1995
(44 U.S.C. 3507(d)) requires that the
FAA consider the impact of paperwork
and other information collection
burdens imposed on the public.
According to the 1995 amendments to
the Paperwork Reduction Act (5 CFR
1320.8(b)(2)(vi)), 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
Office of Management and Budget
(OMB) control number.

This final rule will impose the
following amended information
collection requirements. As required by
the Paperwork Reduction Act of 1995
(44 U.S.C. 3507(d)), the FAA has
submitted these information collection
amendments to OMB for its review.
Notice of OMB approval for this
information collection will be published
in a future Federal Register document.

Summary: As a result of this final
rule, an increase in the currently
approved information collection
requirements 48 will be imposed on
Sponsors of previously qualified FSTDs
that require modification for the
qualification of certain training tasks as
defined in FSTD Directive No. 2. These
Sponsors will be required to report
FSTD modifications to the FAA as
described in §§ 60.23 and 60.16, which
would result in a one-time information
collection. Additionally, because
compliance with the FSTD Directive (for
previously qualified FSTDs) and the
new QPS requirements (for newly
qualified FSTDs) will increase the
overall amount of objective testing
necessary to maintain FSTD
qualification under § 60.19, a slight
increase in annual information
collection will be required to document
such testing.

Additionally, the FAA added
deviation authority to § 60.15(c)(5) in
the final rule to allow for an FSTD
sponsor to deviate from the technical
requirements in the part 60 QPS. For
FSTD sponsors requesting such a
deviation, this will impose a small
amount of additional information
collection burden.

Public comments: The FAA did not
receive any substantive comments on
the amended information collection
requirements as a result of this final
rule.

48 Office of Management and Budget (OMB)
control number 2120-0680.

Use: For previously qualified FSTDs,
the information collection will be used
to determine that the requirements of
the FSTD Directive have been met. The
FAA will use this information to issue
amended SOQs for those FSTDs that
have been found to meet those
requirements and also to determine if
the FSTDs annual inspection and
maintenance requirements have been
met as currently required by part 60.

For FSTD sponsors requesting a
deviation as described in §60.15(c)(5),
the information collection will be used
to evaluate and track the approval of
deviations to support the initial
evaluation of FSTDs.

Respondents (including number of):
The additional information collection
burden in this proposal is limited to
those FSTD Sponsors that will require
specific FSTD qualification for certain
training tasks as defined in FSTD
Directive 2. Approximately 335
previously qualified FSTDs 49 may
require evaluation as described in the
FSTD Directive to support the
Crewmember and Aircraft Dispatcher
Training final rule. The number of
respondents would be limited to those
Sponsors that maintain FSTDs which
may require additional qualification in
accordance with the FSTD Directive.
Currently, there are 29 FSTD sponsors
that may request additional FSTD
qualification to support the training
requirements in the Crewmember and
Aircraft Dispatcher Training final rule.

Frequency: This additional
information collection would include
both a one-time event to report FSTD
modifications as required by the FSTD
Directive as well as a slight increase to
the annual part 60 information
collection requirements.

Annual Burden Estimate: The FAA
estimates that for each additional
qualified task required in accordance
with FSTD Directive No. 2, the one-time
information collection burden to each
FSTD Sponsor would be approximately
0.85 hours per FSTD for each additional
qualified task.5° Assuming all five of the
additional qualified tasks would be
required for each of the estimated 335
FSTDs (including qualification for full
stall training, upset recovery training,
airborne icing training, takeoff and

49The FAA estimated this from the number of
previously qualified FSTDs that simulate aircraft
which are currently used in U.S. part 121 air carrier
operations. This number of FSTDs has increased
from 322 to 335 since the publication of the NPRM.

50The 0.85 hour burden is derived from the
existing Part 60 Paperwork Reduction Act
supporting statement (OMB-2120-0680), Table 5
(§60.16) and includes estimated time for the FSTD
Sponsor’s staff to draft and send the letter as well
as estimated time for updating the approved MQTG
with new test results.

landing in gusting crosswinds, and
bounced landing training), the
cumulative one-time information
collection burden would be
approximately 1,424 hours. This
collection burden would be distributed
over a time period of approximately 3
years. This 3 year time period represents
the compliance period of the proposed
FSTD Directive.

The one-time information collection
burden to the Federal government is
estimated at approximately 0.6 hours
per FSTD for each qualified task to
include Aerospace Engineer review and
preparation of an FAA response.5?
Assuming all five of the additional
qualified tasks will be required for each
of the estimated 335 FSTDs, the
cumulative one-time information
collection burden to the Federal
government will be approximately 1,005
hours. The modification of the FSTD’s
SOQ would be incorporated with the
FSTD’s next scheduled evaluation, so
this will not impose additional burden.

Because the number of objective tests
required to maintain FSTD qualification
would increase slightly with this
proposal, the annual information
collection burden would also increase
under the FSTD inspection and
maintenance requirements of § 60.19.
This additional information collection
burden is estimated by increasing the
average number of required objective
tests for Level C and Level D FFSs by
four tests.52 For the estimated 335
FSTDs that may be affected by the FSTD
Directive, this will result in an
additional 134 hours of annual
information collection burden to FSTD
Sponsors. This additional collection
burden is based upon 0.1 hours 33 per
test for a simulator technician to
document as required by § 60.19. The
additional information collection
burden to the Federal government will
also increase by approximately 45
hours 54 due to the additional tests that
may be sampled and reviewed by the

51The 0.6 hour burden on the Federal
government is also derived from the existing Part
60 Paperwork Reduction Act supporting statement
(OMB-2120-0680), Table 5 (§ 60.16).

52For previously qualified FSTDs, the
requirements of FSTD Directive No. 2 will add a
maximum of four additional objective test cases to
the existing requirements.

53 The 0.1 hour burden is derived from the
existing Part 60 Paperwork Reduction Act
supporting statement (OMB-2120-0680), Table 6
(§60.19) and includes estimated time for the FSTD
Sponsor’s staff to document the completion of
required annual objective testing.

54 This information collection burden is based
upon 0.1 hours per test required for FAA personnel
to review. These four additional tests are subject to
the approximately 33% of which may be spot
checked by FAA personnel on site during a
continuing qualification evaluation.
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FAA during continuing qualification
evaluations.

For new FSTDs qualified after the
proposal becomes effective, the changes
to the QPS appendices proposed to align
with ICAO 9625 as well as the new
requirements for the evaluation of stall
and icing training maneuvers would
result in an estimated average increase

of four objective tests 55 that would
require annual documentation as
described in §60.19. For the estimated
23 new 56 Level C and Level D FFSs that
may be initially qualified annually by
the FAA, this will result in an
additional 9 hours of annual
information collection burden to FSTD
Sponsors and an additional 3 hours of

annual information collection burden to
the Federal government. For newly
qualified FSTDs, this proposal does not
increase the frequency of reporting for
FSTD sponsors.

The total additional information
collection burden for FSTD sponsors as
a result of this final rule is summarized
in the following tables:

§60.16 Private sector burden (One-time cost) Houriapi%nnotifi- Hours Hourly rate Cost
Additional Tasks/Modifications.
Number of notifications—1675.
Management Rep hours to draft letter ...........ccccevene. 0.5 838 $73.74 $61,794
Management Rep hours to make/insert MQTG change 0.25 419 73.74 30,897
Clerk hours to prepare/mail [8tter .........ccooveeiiiiiiinieeeese e 0.1 168 29.70 4,990
TOMAI et e ene | eeeeeei e 1425 | (e 97,681
§60.19 Private sector burden (Annual cost) Hours Hourly rate Cost
Simulator technician (FSTD Directive NO. 2) .....cccoiieiiiiiieniieiereeeee e 134 $42.39 $5,680
Simulator technician (ICAO Alignment) ............. 9 42.39 382
TOUAL ettt ettt bRt h R e ettt r e e n e eaean 143 42.39 6,062
The total additional information government as a result of this final rule
collection burden for the Federal is summarized in the following tables:
§60.16 Federal burden (One-time cost) Houfrii:ttieornnoti- Hours Hourly rate Cost
Number of Notifications—1675.
Engineer/Pilot (equivalent of GS14, Step 1) ..cccocveciiiiiiiiee e 0.5 838 $65.96 $55,274
Clerk (equivalent of GS10, StEP 1) ..eovieiiiiiiieie e 0.1 168 35.64 5,988
L1 €= SRS RS 1006 | oveveeeeiieeeeene 61,262
§60.19 Federal burden (Annual cost) Hours Hourly rate Cost
Federal Aviation Safety Inspector Review (FSTD Directive NO. 2) .....cccceviiiiniiiieeiienieeneeeeen 45 $65.96 $2,968
Federal Aviation Safety Inspector Review (ICAO AlIgNMENt) .......ccooeiiriinineiieneseneeee e 3 65.96 198
LI €= PRSPPI 48 65.96 3,166

Additionally, as a result of public
comments filed in response to the
NPRM for this rule, the FAA added
deviation authority to § 60.15(c)(5). The
primary purpose for including this
deviation authority is to allow for FSTD
sponsors to initially qualify a new FSTD
using internationally recognized FSTD
evaluation standards, including those
issued by the ICAO or another national
aviation authority. This will improve
international harmonization of FSTD
evaluation standards as well as reduce
redundant FSTD qualification
documentation in instances where an
FSTD is qualified by multiple national

55 These four additional tests were estimated
through comparison between the current and
proposed list of objective tests required for
qualification (Table A2A). Note that the total

aviation authorities or evaluated under
a bilateral agreement. Because an FSTD
sponsor will have to submit a request to
the FAA for the approval of a deviation,
there will be an information collection
burden for those FSTD sponsors or
manufacturers that choose to request
deviation authority. Since such
deviations will generally be applicable
only to those FSTDs that are undergoing
an initial evaluation, and the total
number of initial FSTD evaluations the
FAA conducts averages around 50 per
year, the burden for this information
collection is expected to be very small.
Furthermore, it is expected that most of

number of tests can vary between FSTDs as a
function of aircraft type, test implementation, and
the employment of certain technologies that would
require additional testing.

these deviations will be submitted by
FSTD manufacturers for the initial
evaluation of multiple FSTDs as
provisioned for in the deviation
authority section of the final rule. As a
result, the number of deviation requests
received by the FAA will be mainly
limited to a few FSTD manufacturers
and will be result in a negligible
information collection burden.

F. International Compatibility and
Cooperation

(1) In keeping with United States
(U.S.) obligations under the Convention
on International Civil Aviation, it is
FAA policy to conform to International

56 Based upon internal records review, the FAA
calculated the number of newly qualified fixed-
wing Level C and Level D FSTDs at approximately
23 per year over a ten year period.
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Civil Aviation Organization (ICAO)
Standards and Recommended Practices
to the maximum extent practicable. The
FAA has determined that there are no
ICAO Standards and Recommended
Practices that correspond to these
proposed regulations.

(2) Executive Order (EO) 13609,
Promoting International Regulatory
Cooperation, (77 FR 26413, May 4,
2012) promotes international regulatory
cooperation to meet shared challenges
involving health, safety, labor, security,
environmental, and other issues and
reduce, eliminate, or prevent
unnecessary differences in regulatory
requirements. The FAA has analyzed
this action under the policy and agency
responsibilities of Executive Order
13609, Promoting International
Regulatory Cooperation. The agency has
determined that this action would
reduce differences between U.S.
aviation standards and those of other
civil aviation authorities by aligning the
part 60 FSTD qualification standards
with that of the latest international
FSTD qualification guidance document
(ICAO 9625) for equivalent FSTD levels.

(3) Harmonization. The FSTD
evaluation standards that have been
codified in this final rule were the result
of numerous recommendations received
from working groups that the FAA
participated in on a collaborative basis.
Many of these working groups had
significant international presence from
both industry and international
regulatory authorities. Furthermore,
much of the foundation of this final rule
has been based upon the guidance
material developed by the International
Civil Aviation Organization which
provides such material to promote
international harmonization on aviation
safety issues.

G. Environmental Analysis

FAA Order 1050.1F 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 5-6.6.(f) and involves no
extraordinary circumstances.

V. Executive Order Determinations

A. Executive Order 13132, Federalism

The FAA has analyzed this final rule
under the principles and criteria of
Executive Order 13132, Federalism. The
agency determined that this action will
not have a substantial direct effect on

the States, or the relationship between
the Federal 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.

B. Executive Order 13211, Regulations
that Significantly Affect Energy Supply,
Distribution, or Use

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

VI. How To Obtain Additional
Information

A. Rulemaking Documents

An electronic copy of a rulemaking
document my be obtained by using the
Internet—

1. Search the Federal eRulemaking
Portal (http://www.regulations.gov);

2. Visit the FAA’s Regulations and
Policies Web page at http://
www.faa.gov/regulations policies/ or

3. Access the Government Printing
Office’s Web page at http://
www.gpo.gov/fdsys/.

Copies may also be obtained by
sending a request (identified by notice,
amendment, or docket number of this
rulemaking) to the Federal Aviation
Administration, Office of Rulemaking,
ARM-1, 800 Independence Avenue
SW., Washington, DC 20591, or by
calling (202) 267-9680.

B. Comments Submitted to the Docket

Comments received may be viewed by
going to http://www.regulations.gov and
following the online instructions to
search the docket number for this
action. Anyone is able to search the
electronic form of all comments
received into any of the FAA’s 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.).

C. 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.
A small entity with questions regarding
this document, may contact its local
FAA official, or the person listed under
the FOR FURTHER INFORMATION CONTACT

heading at the beginning of the
preamble. To find out more about
SBREFA on the Internet, visit http://
www.faa.gov/regulations_policies/
rulemaking/sbre act/.

List of Subjects in 14 CFR Part 60

Air Carriers, Aircraft, Aviation safety,
Reporting and recordkeeping
requirements, Safety Transportation.

The Amendment

For the reasons set forth in the
preamble, amend part 60 of title 14 of
the Code of Federal Regulations as
follows:

PART 60—FLIGHT SIMULATION
TRAINING DEVICE INITIAL AND
CONTINUING QUALIFICATION AND
USE

m 1. The authority citation for part 60 is
revised to read as follows:

Authority: 49 U.S.C. 106(f), 106(g), 40113,
and 44701; Pub. L. 111-216, 124 Stat. 2348
(49 U.S.C. 44701 note)

m 2. Amend § 60.15 by adding paragraph
(c)(5), revising paragraph (e), and adding
paragraph (g)(7) to read as follows:

§60.15 Initial Qualification requirements.

* * * * *

(C) * % %

(5) An FSTD sponsor or FSTD
manufacturer may submit a request to
the Administrator for approval of a
deviation from the QPS requirements as
defined in Appendix A through
Appendix D of this part.

(1) Requests for deviation must be
submitted in a form and manner
acceptable to the Administrator and
must provide sufficient justification that
the deviation meets or exceeds the
testing requirements and tolerances as
specified in the part 60 QPS or will
otherwise not adversely affect the
fidelity and capability of the FSTDs
evaluated and qualified under the
deviation.

(ii) The Administrator may consider
deviation from the minimum
requirements tables, the objective
testing tables, the functions and
subjective testing tables, and other
supporting tables and requirements in
the part 60 QPS.

(iii) Deviations may be issued to an
FSTD manufacturer for the initial
qualification of multiple FSTDs, subject
to terms and limitations as determined
by Administrator. Approved deviations
will become a part of the permanent
qualification basis of the individual
FSTD and will be noted in the FSTD’s
Statement of Qualification.

(iv) If the FAA publishes a change to
the existing part 60 standards as


http://www.faa.gov/regulations_policies/rulemaking/sbre_act/
http://www.faa.gov/regulations_policies/rulemaking/sbre_act/
http://www.faa.gov/regulations_policies/rulemaking/sbre_act/
http://www.faa.gov/regulations_policies/
http://www.faa.gov/regulations_policies/
http://www.regulations.gov
http://www.gpo.gov/fdsys/
http://www.gpo.gov/fdsys/
http://www.regulations.gov
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described in paragraph (c)(1) of this
section or issues an FSTD Directive as
described in § 60.23(b), which conflicts
with or supersedes an approved
deviation, the Administrator may
terminate or revise a grant of deviation
authority issued under this paragraph.
* * * * *

(e) The subjective tests that form the
basis for the statements described in
paragraph (b) of this section and the
objective tests referenced in paragraph
(f) of this section must be accomplished
at the sponsor’s training facility or other
sponsor designated location where
training will take place, except as
provided for in the applicable QPS.

* * * * *

( ) * x %

(%) A statement referencing any
deviations that have been granted and
included in the permanent qualification
basis of the FSTD.

* * * * *

m 3. Amend § 60.17 by revising
paragraph (a) to read as follows:

§60.17 Previously qualified FSTDs.

(a) Unless otherwise specified by an
FSTD Directive, further referenced in
the applicable QPS, or as specified in
paragraph (e) of this section, an FSTD
qualified before May 31, 2016 will
retain its qualification basis as long as
it continues to meet the standards,
including the objective test results
recorded in the MQTG and subjective
tests, under which it was originally
evaluated, regardless of sponsor. The
sponsor of such an FSTD must comply
with the other applicable provisions of
this part.

* * * * *

m 4. Amend § 60.19 by revising
paragraphs (b)(4) through (6)to read as
follows:

§60.19 Inspection, continuing
qualification evaluation, and maintenance
requirements.

* * * * *

(b) * *x %

(4) The frequency of NSPM-conducted
continuing qualification evaluations for
each FSTD will be established by the
NSPM and specified in the Statement of
Qualification.

(5) Continuing qualification
evaluations conducted in the 3 calendar
months before or after the calendar
month in which these continuing
qualification evaluations are required
will be considered to have been
conducted in the calendar month in
which they were required.

(6) No sponsor may use or allow the
use of or offer the use of an FSTD for
flight crewmember training or

evaluation or for obtaining flight
experience for the flight crewmember to
meet any requirement of this chapter
unless the FSTD has passed an NSPM-
conducted continuing qualification
evaluation within the time frame
specified in the Statement of
Qualification or within the grace period
as described in paragraph (b)(5) of this
section.

* * * * *

m 5. Amend § 60.23 by revising
paragraph (a)(2) to read as follows:

§60.23 Modifications to FSTDs.

(a] N

(2) Changes are made to either
software or hardware that are intended
to impact flight or ground dynamics;
changes are made that impact
performance or handling characteristics
of the FSTD (including motion, visual,
control loading, or sound systems for
those FSTD levels requiring sound tests
and measurements); or changes are
made to the MQTG. Changes to the
MQTG which do not affect required
objective testing results or validation
data approved during the initial
evaluation of the FSTD are not
considered modifications under this

section.
* * * * *

m 6. Amend Appendix A by:
m A. Revising paragraph 1.b.;
m B. Revising paragraph 1.d.(22);
m C. Revising paragraph 1.d.(25);
m D. Revising paragraph 1.d.(26);
m E. Revising paragraph 11.b.(2);
m F. Removing and reserving paragraph
11.e.(2);
m G. Revising paragraph 11.h;
m H. Revising paragraph 13.b; and
m 1. Revising paragraph 13.d.

The revisions read as follows:

Appendix A to Part 60—Qualification
Performance Standards for Airplane
Full Flight Simulators

* * * * *

1. Introduction.
* * * * *

b. Questions regarding the contents of this
publication should be sent to the U.S.
Department of Transportation, Federal
Aviation Administration, Flight Standards
Service, National Simulator Program Staff,
AFS-205, P.O. Box 20636, Atlanta, Georgia,
30320. Telephone contact numbers for the
NSP are: phone, 404—474-5620; fax, 404—
474-5656. The NSP Internet Web site address
is: http://www.faa.gov/about/initiatives/nsp/.
On this Web site you will find an NSP
personnel list with telephone and email
contact information for each NSP staff
member, a list of qualified flight simulation
devices, advisory circulars (ACs), a
description of the qualification process, NSP
policy, and an NSP “In-Works” section. Also

linked from this site are additional
information sources, handbook bulletins,
frequently asked questions, a listing and text
of the Federal Aviation Regulations, Flight
Standards Inspector’s handbooks, and other
FAA links.

* * * * *

d- * % %

(22) International Air Transport
Association document, “Flight Simulation
Training Device Design and Performance
Data Requirements,”” as amended.

* * * * *

(25) International Civil Aviation
Organization (ICAO) Manual of Criteria for
the Qualification of Flight Simulation
Training Devices, as amended.

(26) Aeroplane Flight Simulation Training
Device Evaluation Handbook, Volume I, as
amended and Volume II, as amended, The
Royal Aeronautical Society, London, UK.

* * * * *

11. Initial (and Upgrade) Qualification
Requirements (§ 60.15).

* * * * *

b. * % %

(2) Unless otherwise authorized through
prior coordination with the NSPM, a
confirmation that the sponsor will forward to
the NSPM the statement described in
§60.15(b) in such time as to be received no
later than 5 business days prior to the
scheduled evaluation and may be forwarded
to the NSPM via traditional or electronic
means.

* * * * *

h. The sponsor may elect to complete the
QTG objective and subjective tests at the
manufacturer’s facility or at the sponsor’s
training facility (or other sponsor designated
location where training will take place). If the
tests are conducted at the manufacturer’s
facility, the sponsor must repeat at least one-
third of the tests at the sponsor’s training
facility in order to substantiate FFS
performance. The QTG must be clearly
annotated to indicate when and where each
test was accomplished. Tests conducted at
the manufacturer’s facility and at the
sponsor’s designated training facility must be
conducted after the FFS is assembled with
systems and sub-systems functional and
operating in an interactive manner. The test
results must be submitted to the NSPM.

* * * * *

13. Previously Qualified FFSs (§ 60.17).

* * * * *

b. Simulators qualified prior to May 31,
2016, are not required to meet the general
simulation requirements, the objective test
requirements or the subjective test
requirements of attachments 1, 2, and 3 of
this appendix as long as the simulator
continues to meet the test requirements
contained in the MQTG developed under the
original qualification basis.

* * * * *

d. Simulators qualified prior to May 31,
2016, may be updated. If an evaluation is
deemed appropriate or necessary by the
NSPM after such an update, the evaluation
will not require an evaluation to standards
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beyond those against which the simulator
was originally qualified.

m 7. Amend Attachment 1 to Appendix
A

mA. By revising Table A1A;
m B.In Table A1B, ““Table of Tasks vs.
Simulator Level by:

m i. Revising text of entry 3.b.;
m ii. Adding entry 3.b.1;

m iii. Adding entry 3.b.2; and
m iv. Adding entry 3.g..

The revisions and additions read as
follows:

Appendix A to Part 60—Qualification
Performance Standards for Airplane
Full Flight Simulators

* * * * *

Attachment 1 to Appendix A to Part 60—
GENERAL SIMULATOR REQUIREMENTS

* * * * *



Table A1A — Minimum Simulator Requirements

QPS REQUIREMENTS INFORMATION
Entry ' ' Simulator
Number General Simulator Requirements Levels Notes
A|lB[C|D
1. General Flight Deck Configuration.
l.a. The simulator must have a flight deck that is a replica of the airplane X | X | X | X | For simulator purposes, the

simulated with controls, equipment, observable flight deck indicators, circuit
breakers, and bulkheads properly located, functionally accurate and
replicating the airplane. The direction of movement of controls and switches
must be identical to the airplane. Pilot seats must allow the occupant to

achieve the design “eye position” established for the airplane being simulated.

Equipment for the operation of the flight deck windows must be included, but
the actual windows need not be operable. Additional equipment such as fire
axes, extinguishers, and spare light bulbs must be available in the FFS but
may be relocated to a suitable location as near as practical to the original
position. Fire axes, landing gear pins, and any similar purpose instruments
need only be represented in silhouette.

The use of electronically displayed images with physical overlay or masking
for simulator instruments and/or instrument panels is acceptable provided:

(1) All instruments and instrument panel layouts are dimensionally
correct with differences, if any, being imperceptible to the pilot;

(2) Instruments replicate those of the airplane including full instrument
functionality and embedded logic;

(3) Instruments displayed are free of quantization (stepping);

(4) Instrument display characteristics replicate those of the airplane
including: resolution, colors, luminance, brightness, fonts, fill
patterns, line styles and symbology;

(5) Overlay or masking, including bezels and bugs, as applicable,
replicates the airplane panel(s);

(6) Instrument controls and switches replicate and operate with the same
technique, effort, travel and in the same direction as those in the
airplane;

(7) Instrument lighting replicates that of the airplane and is operated from

flight deck consists of all that
space forward of a cross
section of the flight deck at the
most extreme aft setting of the
pilots' seats, including
additional required
crewmember duty stations and
those required bulkheads aft of
the pilot seats. For
clarification, bulkheads
containing only items such as
landing gear pin storage
compartments, fire axes and
extinguishers, spare light
bulbs, and aircraft document
pouches are not considered
essential and may be omitted.
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the FSTD control for that lighting and, if applicable, is at a level
commensurate with other lighting operated by that same control; and

(8) As applicable, instruments must have faceplates that replicate those in
the airplane; and

Level C and Level D only;

(1) The display image of any three dimensional instrument, such as an
electro-mechanical instrument, should appear to have the same three
dimensional depth as the replicated instrument. The appearance of the
simulated instrument, when viewed from the principle operator’s
angle, should replicate that of the actual airplane instrument. Any
instrument reading inaccuracy due to viewing angle and parallax
present in the actual airplane instrument should be duplicated in the
simulated instrument display image. Viewing angle error and parallax
must be minimized on shared instruments such and engine displays
and standby indicators.

1.b.

Those circuit breakers that affect procedures or result in observable flight
deck indications must be properly located and functionally accurate.

2. Programming.

2.a.

A flight dynamics model that accounts for various combinations of drag and
thrust normally encountered in flight must correspond to actual flight
conditions, including the effect of change in airplane attitude, thrust, drag,
altitude, temperature, gross weight, moments of inertia, center of gravity
location, and configuration.

An SOC is required.

For Level C and Level D simulators, the effects of pitch attitude and of fuel
slosh on the aircraft center of gravity must be simulated.

The SOC should include a
range of tabulated target values
to enable a demonstration of
the mass properties model to
be conducted from the
instructor's station. The data at
a minimum should contain 3
weight conditions including
zero fuel weight and maximum
taxi weight with a least 2
different combinations of zero
fuel weight, fuel weight and
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payload for each condition.

2.b. The simulator must have the computer capacity, accuracy, resolution, and

dynamic response needed to meet the qualification level sought.
An SOC is required.

2.c. Surface operations must be represented to the extent that allows turns within

the confines of the runway and adequate controls on the landing and roll-out
from a crosswind approach to a landing.

2.d. Ground handling and aerodynamic programming must include the following:

2.d.1. Ground effect. Ground effect includes
modeling that accounts for
roundout, flare, touchdown,
lift, drag, pitching moment,
trim, and power while in
ground effect.

2.d.2. Ground reaction. Ground reaction includes
modeling that accounts for

Ground reaction modeling must produce the appropriate effects during strut deflections, tire friction,

bounced or skipped landings, including the effects and indications of ground and side forces. This is the

contact due to landing in an abnormal aircraft attitude (e.g. tailstrike or reaction of the airplane upon

nosewheel contact). An SOC is required. contact with the runway during
landing, and may differ with
changes in factors such as
gross weight, airspeed, or rate
of descent on touchdown.

2.d.3. Ground handling characteristics, including aerodynamic and ground reaction In developing gust models for

modeling including steering inputs, operations with crosswind, braking, thrust
reversing, deceleration, and turning radius.

use in training, the FSTD
sponsor should coordinate with
the data provider to ensure that
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Aerodynamic and ground reaction modeling to support training in crosswinds
and gusting crosswinds up to the aircraft’s maximum demonstrated crosswind
component. Realistic gusting crosswind profiles must be available to the
instructors that have been tuned in intensity and variation to require pilot
intervention to avoid runway departure during takeoff or landing roll.

An SOC is required describing source data used to construct gusting
crosswind profiles.

the gust models do not exceed
the capabilities of the
aerodynamic and ground
models.

If the aircraft being simulated is one of the aircraft listed in § 121.358, Low-
altitude windshear system equipment requirements, the simulator must
employ windshear models that provide training for recognition of windshear
phenomena and the execution of recovery procedures. Models must be
available to the instructor/evaluator for the following critical phases of flight:

(1) Prior to takeoff rotation;

(2) At liftoff;

(3) During initial climb; and

(4) On final approach, below 500 ft AGL.

The QTG must reference the FAA Windshear Training Aid or present
alternate airplane related data, including the implementation method(s) used.
If the alternate method is selected, wind models from the Royal Aerospace
Establishment (RAE), the Joint Airport Weather Studies (JAWS) Project and
other recognized sources may be implemented, but must be supported and
properly referenced in the QTG. Only those simulators meeting these
requirements may be used to satisfy the training requirements of part 121
pertaining to a certificate holder’s approved low-altitude windshear flight
training program as described in § 121.409.

The addition of realistic levels of turbulence associated with each required
windshear profile must be available and selectable to the instructor.

If desired, Level A and B
simulators may qualify for
windshear training by meeting
these standards; see
Attachment 5 of this appendix.
Windshear models may consist
of independent variable winds
in multiple simultaneous
components. The FAA
Windshear Training Aid
presents one acceptable means
of compliance with simulator
wind model requirements.

The simulator should employ a
method to ensure the required
survivable and non-survivable
windshear scenarios are
repeatable in the training
environment.
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In addition to the four basic windshear models required for qualification, at
least two additional “complex” windshear models must be available to the
instructor which represent the complexity of actual windshear encounters.
These models must be available in the takeoff and landing configurations and
must consist of independent variable winds in multiple simultaneous
components. The Windshear Training Aid provides two such example
“complex” windshear models that may be used to satisfy this requirement.

2.1 The simulator must provide for manual and automatic testing of simulator Automatic “flagging” of out-
hardware and software programming to determine compliance with simulator of-tolerance situations is
objective tests as prescribed in Attachment 2 of this appendix. encouraged.

An SOC is required.

2.g. Relative responses of the motion system, visual system, and flight deck The intent is to verify that the
instruments, measured by latency tests or transport delay tests. Motion onset simulator provides instrument,
should occur before the start of the visual scene change (the start of the scan motion, and visual cues that
of the first video field containing different information) but must occur before are, within the stated time
the end of the scan of that video field. Instrument response may not occur delays, like the airplane
prior to motion onset. Test results must be within the following limits: responses. For airplane

response, acceleration in the
appropriate, corresponding
rotational axis is preferred.

2.g.1. 300 milliseconds of the airplane response.

2.g.2. 100 milliseconds of the airplane response (motion and instrument cues)

120 milliseconds of the airplane response (visual system cues)
2.h. The simulator must accurately reproduce the following runway conditions:

(1) Dry;

(2) Wet;

(3) ley:.

(4) Patchy Wet;
(5) Patchy Icy; and

vczsl
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(6) Wet on Rubber Residue in Touchdown Zone;

An SOC is required.
2.i. The simulator must simulate: Simulator pitch, side loading,
(1) brake and tire failure dynamics, including antiskid failure; and and directional control
(2) decreased brake efficiency due to high brake temperatures, if characteristics should be
applicable. representative of the airplane.
An SOC is required
2.j. Engine and Airframe Icing SOC should be provided
Modeling that includes the effects of icing, where appropriate, on the describing the effects which
airframe, acrodynamics, and the engine(s). Icing models must simulate the provide training in the specific
aerodynamic degradation effects of ice accretion on the airplane lifting skills required for recognition
surfaces including loss of lift, decrease in stall angle of attack, change in of icing phenomena and
pitching moment, decrease in control effectiveness, and changes in control execution of recovery. The
forces in addition to any overall increase in drag. Aircraft systems (such as SOC should describe the
the stall protection system and autoflight system) must respond properly to source data and any analytical
ice accretion consistent with the simulated aircraft. methods used to develop ice
accretion models including
Aircraft OEM data or other acceptable analytical methods must be utilized to verification that these effects
develop ice accretion models. Acceptable analytical methods may include have been tested.
wind tunnel analysis and/or engineering analysis of the aerodynamic effects
of icing on the lifting surfaces coupled with tuning and supplemental Icing effects simulation models
subjective assessment by a subject matter expert pilot. are only required for those
airplanes authorized for
SOC and tests required. See objective testing requirements (Attachment 2, operations in icing conditions.
test 2.1.).
See Attachment 7 of this
Appendix for further guidance
material.
2.k. The aerodynamic modeling in the simulator must include: See Attachment 2 of this
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(1) Low-altitude level-flight ground eftect;

(2) Mach effect at high altitude;

(3) Normal and reverse dynamic thrust effect on control surfaces;
(4) Aeroelastic representations; and

(5) Nonlinearities due to sideslip.

An SOC is required and must include references to computations of
aeroelastic representations and of nonlinearities due to sideslip.

appendix, paragraph 5, for
further information on ground
effect.

2.1 The simulator must have aerodynamic and ground reaction modeling for the
effects of reverse thrust on directional control, if applicable.
An SOC is required.
2.m. High Angle of Attack Modeling The requirements in this

Aerodynamic stall modeling that includes degradation in static/dynamic
lateral-directional stability, degradation in control response (pitch, roll, and
yaw), uncommanded roll response or roll-off requiring significant control
deflection to counter, apparent randomness or non-repeatability, changes in
pitch stability, Mach effects, and stall buffet, as appropriate to the aircraft

type.

The aerodynamic model must incorporate an angle of attack and sideslip
range to support the training tasks. At a minimum, the model must support an
angle of attack range to ten degrees beyond the stall identification angle of
attack. The stall identification angle of attack is defined as the point where
the behavior of the airplane gives the pilot a clear and distinctive indication
through the inherent flight characteristics or the characteristics resulting from
the operation of a stall identification device (e.g., a stick pusher) that the
airplane has stalled.

The model must be capable of capturing the variations seen in the stall
characteristics of the airplane (e.g., the presence or absence of a pitch break,

section only apply to those
FSTDs that are qualified for
full stall training tasks.
Sponsors may elect to not
qualify an FSTD for full stall
training tasks; however, the
FSTD’s qualification will be
restricted to approach to stall
training tasks that terminate at
the activation of the stall
warning system.

Specific guidance should be
available to the instructor
which clearly communicates
the flight configurations and
stall maneuvers that have been
evaluated in the FSTD for use

92281
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deterrent buffet, or other indications of a stall where present on the aircraft).
The aerodynamic modeling must support stall training maneuvers in the
following flight conditions:

(1) Stall entry at wings level (1g);

(2) Stall entry in turning flight of at least 25° bank angle (accelerated
stall);

(3) Stall entry in a power-on condition (required only for propeller driven
aircraft); and

(4) Aircraft configurations of second segment climb, high altitude cruise
(near performance limited condition), and approach or landing.

A Statement of Compliance (SOC) is required which describes the
aerodynamic modeling methods, validation, and checkout of the stall
characteristics of the FSTD. The SOC must also include verification that the
FSTD has been evaluated by a subject matter expert pilot acceptable to the
FAA. See Attachment 7 of this Appendix for detailed requirements.

Where known limitations exist in the aerodynamic model for particular stall
maneuvers (such as aircraft configurations and stall entry methods), these
limitations must be declared in the required SOC.

FSTDs qualified for full stall training tasks must also meet the instructor
operating station (IOS) requirements for upset prevention and recovery
training (UPRT) tasks as described in section 2.n. of this table. See
Attachment 7 of this Appendix for additional requirements.

in training.

See Attachment 7 of this
Appendix for additional
guidance material.

2.n.

Upset Prevention and Recovery Training (UPRT).

Aerodynamics Evaluation: The simulator must be evaluated for specific upset
recovery maneuvers for the purpose of determining that the combination of
angle of attack and sideslip does not exceed the range of flight test validated
data or wind tunnel/analytical data while performing the recovery maneuver.

This section generally applies
to the qualification of airplane
upset recovery training
maneuvers or unusual attitude
training maneuvers that exceed
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The following minimum set of required upset recovery maneuvers must be
evaluated in this manner and made available to the instructor/evaluator. Other
upset recovery scenarios as developed by the FSTD sponsor must be
evaluated in the same manner:

(1) A nose-high, wings level aircraft upset;
(2) A nose-low aircraft upset; and
(3) A high bank angle aircraft upset.

Upset Scenarios: IOS selectable dynamic airplane upsets must provide
guidance to the instructor concerning the method used to drive the FSTD into
an upset condition, including any malfunction or degradation in the FSTD’s
functionality required to initiate the upset. The unrealistic degradation of
simulator functionality (such as degrading flight control effectiveness) to
drive an airplane upset is generally not acceptable unless used purely as a tool
for repositioning the FSTD with the pilot out of the loop.

Instructor Operating System (IOS): The simulator must have a feedback
mechanism in place to notify the instructor/evaluator when the simulator’s
validated aerodynamic envelope and aircraft operating limits have been
exceeded during an upset recovery training task. This feedback mechanism
must include:

(1) FSTD validation envelope. This must be in the form of an
alpha/beta envelope (or equivalent method) depicting the
“confidence level” of the aerodynamic model depending on the
degree of flight validation or source of predictive methods The
envelopes must provide the instructor real-time feedback on the
simulation during a maneuver. There must be a minimum of a
flaps up and flaps down envelope available;

(2) Flight control inputs. This must enable the instructor to assess the

one or more of the following
conditions:
= Pitch attitude greater
than 25 degrees, nose
up
= Pitch attitude greater
than 10 degrees, nose
down
= Bank angle greater than
45 degrees
= Flight at airspeeds
inappropriate for
conditions.

FSTDs used to conduct upset
recovery maneuvers at angles
of attack above the stall
warning system activation
must meet the requirements for
high angle of attack modeling
as described in section 2.m.

Special consideration should
be given to the motion system
response during upset
prevention and recovery
maneuvers. Notwithstanding
the limitations of simulator
motion, specific emphasis
should be placed on tuning out
motion system responses.

8¢Z81
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pilot’s flight control displacements and forces (including fly-by-
wire as appropriate); and

(3) Airplane operational limits. This must display the aircraft
operating limits during the maneuver as applicable for the
configuration of the airplane.

Statement of Compliance (SOC): An SOC is required that defines the source
data used to construct the FSTD validation envelope. The SOC must also
verify that each upset prevention and recovery feature programmed at the
instructor station and the associated training maneuver has been evaluated by
a suitably qualified pilot using methods described in this section. The
statement must confirm that the recovery maneuver can be performed such
that the FSTD does not exceed the FSTD validation envelope, or when
exceeded, that it is within the realm of confidence in the simulation accuracy.

Consideration should be taken
with flight envelope protected
airplanes as artificially
positioning the airplane to a
specified attitude may
incorrectly initialize flight
control laws.

See Attachment 7 of this
Appendix for further guidance
material.

3. Equipment Operation.

w

.a.

All relevant instrument indications involved in the simulation of the airplane
must automatically respond to control movement or external disturbances to
the simulated airplane; e.g., turbulence or windshear. Numerical values must
be presented in the appropriate units.

For Level C and Level D simulators, instrument indications must also respond
to effects resulting from icing.

Communications, navigation, caution, and warning equipment must be
installed and operate within the tolerances applicable for the airplane.

Instructor control of internal and external navigational aids. Navigation aids
must be usable within range or line-of-sight without restriction, as applicable
to the geographic area.

See Attachment 3 of this
appendix for further
information regarding long-
range navigation equipment.

Complete navigation database for at least 3 airports with corresponding
precision and non-precision approach procedures, including navigational
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database updates.

3.b.2. Complete navigation database for at least 1 airport with corresponding
precision and non-precision approach procedures, including navigational
database updates.

3.c. Simulated airplane systems must operate as the airplane systems operate Airplane system operation
under normal, abnormal, and emergency operating conditions on the ground should be predicated on, and
and in flight. traceable to, the system data

supplied by the airplane
Once activated, proper systems operation must result from system manufacturer, original
management by the crew member and not require any further input from the equipment manufacturer or
instructor's controls. alternative approved data for
the airplane system or
component.
At a minimum, alternate
approved data should validate
the operation of all normal,
abnormal, and emergency
operating procedures and
training tasks the FSTD is
qualified to conduct.

3.d. The simulator must provide pilot controls with control forces and control
travel that correspond to the simulated airplane. The simulator must also
react in the same manner as in the airplane under the same flight conditions.
Control systems must replicate airplane operation for the normal and any non-
normal modes including back-up systems and should reflect failures of
associated systems.
Appropriate cockpit indications and messages must be replicated.

3.e. Simulator control feel dynamics must replicate the airplane. This must be

0€281T
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determined by comparing a recording of the control feel dynamics of the
simulator to airplane measurements. For initial and upgrade qualification
evaluations, the control dynamic characteristics must be measured and
recorded directly from the flight deck controls, and must be accomplished in
takeofT, cruise, and landing flight conditions and configurations.

3.1

For aircraft equipped with a stick pusher system, control forces, displacement,
and surface position must correspond to that of the airplane being simulated.

A Statement of Compliance (SOC) is required verifying that the stick pusher
system has been modeled, programmed, and validated using the aircraft
manufacturer’s design data or other acceptable data source. The SOC must
address, at a minimum, stick pusher activation and cancellation logic as well
as system dynamics, control displacement and forces as a result of the stick
pusher activation.

Tests required.

See Appendix A, Table A2A,
test 2.a.10 (stick pusher system
force calibration) for objective
testing requirements.

The requirements in this
section only apply to those
FSTDs that are qualified for
full stall training tasks.

4. Instructor or Evaluator Facilities.

4.a.

In addition to the flight crewmember stations, the simulator must have at least
two suitable seats for the instructor/check airman and FAA inspector. These
seats must provide adequate vision to the pilot's panel and forward windows.
All seats other than flight crew seats need not represent those found in the
airplane, but must be adequately secured to the floor and equipped with
similar positive restraint devices.

The NSPM will consider
alternatives to this standard for
additional seats based on
unique flight deck
configurations.

4.b.

The simulator must have controls that enable the instructor/evaluator to
control all required system variables and insert all abnormal or emergency
conditions into the simulated airplane systems as described in the sponsor’s
FAA-approved training program; or as described in the relevant operating
manual as appropriate.

4.c.

The simulator must have instructor controls for all environmental effects
expected to be available at the 10S; e.g., clouds, visibility, icing,
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precipitation, temperature, storm cells and microbursts, turbulence, and
intermediate and high altitude wind speed and direction.

4.d. The simulator must provide the instructor or evaluator the ability to present For example, another airplane
ground and air hazards. crossing the active runway or
converging airborne traffic.
5. Motion System.
5.a. The simulator must have motion (force) cues perceptible to the pilot that are For example, touchdown cues
representative of the motion in an airplane. should be a function of the rate
of descent (RoD) of the
simulated airplane.
5.b. The simulator must have a motion (force cueing) system with a minimum of
three degrees of freedom (at least pitch, roll, and heave).
An SOC is required.
5.c. The simulator must have a motion (force cueing) system that produces cues at
least equivalent to those of a six-degrees-of-freedom, synergistic platform
motion system (i.e., pitch, roll, yaw, heave, sway, and surge).
An SOC is required.
5.d. The simulator must provide for the recording of the motion system response
time.
An SOC is required.
S.e. The simulator must provide motion effects programming to include:
5.e.1. (1) Thrust effect with brakes set; If there are known flight

(2) Runway rumble, oleo deflections, effects of ground speed, uneven
runway, centerline lights, and taxiway characteristics;

(3) Buffets on the ground due to spoiler/speedbrake extension and thrust
reversal;

(4) Bumps associated with the landing gear;

conditions where buffet is the
first indication of the stall, or
where no stall buffet occurs,
this characteristic should be
included in the model.

c€Z81
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(5) Buffet during extension and retraction of landing gear;

(6) Buftet in the air due to flap and spoiler/speedbrake extension;
(7) Approach-to-stall buffet and stall buffet (where applicable);
(8) Representative touchdown cues for main and nose gear;

(9) Nosewheel scuffing, if applicable;

(10) Mach and maneuver buffet;

(11) Engine failures, malfunctions, and engine damage

(12) Tail and pod strike;

(13) Taxiing effects such as lateral and directional cues resulting from
steering and braking inputs;

(14) Buffet due to atmospheric disturbances (e.g. buffets due to turbulence,
gusting winds, storm cells, windshear, etc.) in three linear axes (isotropic);
(15) Tire failure dynamics; and

(16) Other significant vibrations, buffets and bumps that are not mentioned
above (e.g. RAT), or checklist items such as motion effects due to pre-flight
flight control inputs.

The simulator must provide characteristic motion vibrations that result from
operation of the airplane if the vibration marks an event or airplane state that
can be sensed in the flight deck.

The simulator should be
programmed and instrumented
in such a manner that the
characteristic buffet modes can
be measured and compared to
airplane data.

6. Visual System.

6.a. The simulator must have a visual system providing an out-of-the-flight deck
view.
6.b. The simulator must provide a continuous collimated field-of-view of at least Additional field-of-view

45° horizontally and 30° vertically per pilot seat or the number of degrees
necessary to meet the visual ground segment requirement, whichever is
greater. Both pilot seat visual systems must be operable simultaneously. The
minimum horizontal field-of-view coverage must be plus and minus one-half

capability may be added at the
sponsor’s discretion provided
the minimum fields of view are
retained.
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(%2) of the minimum continuous field-of-view requirement, centered on the
zero degree azimuth line relative to the aircraft fuselage.

An SOC is required and must explain the system geometry measurements
including system linearity and field-of-view.

6.c. (Reserved)
6.d. The simulator must provide a continuous collimated visual field-of-view of at The horizontal field-of-view is
least176° horizontally and 36° vertically or the number of degrees necessary traditionally described as a
to meet the visual ground segment requirement, whichever is greater. The 180° field-of-view. However,
minimum horizontal field-of-view coverage must be plus and minus one-half the field-of-view is technically
(%2) of the minimum continuous field-of-view requirement, centered on the no less than 176°. Additional
zero degree azimuth line relative to the aircraft fuselage. field-of-view capability may
be added at the sponsor’s
An SOC is required and must explain the system geometry measurements discretion provided the
including system linearity and field-of-view. minimum fields of view are
retained.
6.e. The visual system must be free from optical discontinuities and artifacts that Non-realistic cues might
create non-realistic cues. include image “swimming”
and image “roll-off,” that may
lead a pilot to make incorrect
assessments of speed,
acceleration, or situational
awareness.
6.f. The simulator must have operational landing lights for night scenes. Where
used, dusk (or twilight) scenes require operational landing lights.
6.g. The simulator must have instructor controls for the following:

(1) Visibility in statute miles (km) and runway visual range (RVR) in ft.(m);
(2) Airport selection; and
(3) Airport lighting.

vEZ81
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6.h. The simulator must provide visual system compatibility with dynamic X
response programming.

6.i. The simulator must show that the segment of the ground visible from the X This will show the modeling
simulator flight deck is the same as from the airplane flight deck (within accuracy of RVR, glideslope, and
established tolerances) when at the correct airspeed, in the landing localizer for a given weight,
configuration, at the appropriate height above the touchdown zone, and with ;?:g%g;:ﬁ'g's"o E;«]:(:ast?ss:l within
appropriate visibility. envelope for a normal approach

and landing.

6.j. The simulator must provide visual cues necessary to assess sink rates (provide X
depth perception) during takeoffs and landings, to include:

(1) Surface on runways, taxiways, and ramps; and
(2) Terrain features.

6.k. The simulator must provide for accurate portrayal of the visual environment X Visual attitude vs. simulator

relating to the simulator attitude. attitude is a comparison of
pitch and roll of the horizon as
displayed in the visual scene
compared to the display on the
attitude indicator.

6.1 The simulator must provide for quick confirmation of visual system color, X
RVR, focus, and intensity.

An SOC is required.
6.m. The simulator must be capable of producing at least 10 levels of occulting. X
6.n. Night Visual Scenes. When used in training, testing, or checking activities, X

the simulator must provide night visual scenes with sufficient scene content to
recognize the airport, the terrain, and major landmarks around the airport.

The scene content must allow a pilot to successfully accomplish a visual
landing. Scenes must include a definable horizon and typical terrain
characteristics such as fields, roads and bodies of water and surfaces
illuminated by airplane landing lights.
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Dusk (or Twilight) Visual Scenes. When used in training, testing, or
checking activities, the simulator must provide dusk (or twilight) visual
scenes with sufficient scene content to recognize the airport, the terrain, and
major landmarks around the airport. The scene content must allow a pilot to
successfully accomplish a visual landing. Dusk (or twilight) scenes, as a
minimum, must provide full color presentations of reduced ambient intensity,
sufficient surfaces with appropriate textural cues that include self-illuminated
objects such as road networks, ramp lighting and airport signage, to conduct a
visual approach, landing and airport movement (taxi). Scenes must include a
definable horizon and typical terrain characteristics such as fields, roads and
bodies of water and surfaces illuminated by airplane landing lights. If
provided, directional horizon lighting must have correct orientation and be
consistent with surface shading effects. Total night or dusk (twilight) scene
content must be comparable in detail to that produced by 10,000 visible
textured surfaces and 15,000 visible lights with sufficient system capacity to
display 16 simultaneously moving objects.

An SOC is required.

6.p.

Daylight Visual Scenes. The simulator must provide daylight visual scenes
with sufficient scene content to recognize the airport, the terrain, and major
landmarks around the airport. The scene content must allow a pilot to
successfully accomplish a visual landing. Any ambient lighting must not
“washout” the displayed visual scene. Total daylight scene content must be
comparable in detail to that produced by 10,000 visible textured surfaces and
6,000 visible lights with sufficient system capacity to display 16
simultaneously moving objects. The visual display must be free of apparent
and distracting quantization and other distracting visual effects while the
simulator is in motion.

An SOC is required.

The simulator must provide operational visual scenes that portray physical

For example: short runways,
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relationships known to cause landing illusions to pilots.

landing approaches over water,
uphill or downhill runways,
rising terrain on the approach
path, unique topographic
features.

The simulator must provide special weather representations of light, medium,
and heavy precipitation near a thunderstorm on takeoff and during approach
and landing. Representations need only be presented at and below an altitude
of 2,000 ft. (610 m) above the airport surface and within 10 miles (16 km) of
the airport.

6.s.

The simulator must present visual scenes of wet and snow-covered runways,
including runway lighting reflections for wet conditions, partially obscured
lights for snow conditions, or suitable alternative effects.

6.t.

The simulator must present realistic color and directionality of all airport
lighting.

6.u.

The following weather effects as observed on the visual system must be
simulated and respective instructor controls provided.
(1) Multiple cloud layers with adjustable bases, tops, sky coverage and
scud effect;
(2) Storm cells activation and/or deactivation;
(3) Visibility and runway visual range (RVR), including fog and patchy
fog effect;
(4) Effects on ownship external lighting;
(5) Effects on airport lighting (including variable intensity and fog
effects);
(6) Surface contaminants (including wind blowing effect);
(7) Variable precipitation effects (rain, hail, snow);
(8) In-cloud airspeed effect; and
(9) Gradual visibility changes entering and breaking out of cloud.

Scud effects are low, detached,
and irregular clouds below a
defined cloud layer.

Atmospheric model should
support representative effects
of wake turbulence and
mountain waves as needed to
enhance UPRT training.

The mountain wave model
should support the atmospheric
climb, descent, and roll rates
which can be encountered in
mountain wave and rotor
conditions.
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The simulator must provide visual effects for:
(1) Light poles;
(2) Raised edge lights as appropriate; and
(3) Glow associated with approach lights in low visibility before physical
lights are seen,

Visual effects for light poles
and raised edge lights are for
the purpose of providing
additional depth perception
during takeoff, landing, and
taxi training tasks. Three
dimensional modeling of the
actual poles and stanchions is
not required.

7. Sound System.

7.a.

The simulator must provide flight deck sounds that result from pilot actions
that correspond to those that occur in the airplane.

7.b.

The volume control must have an indication of sound level setting which
meets all qualification requirements.

For Level D simulators, this
indication should be readily
available to the instructor on or
about the IOS and is the sound
level setting required to meet
the objective testing
requirements as described in
Table A2A of this Appendix.

For all other simulator levels,
this indication is the sound
level setting as evaluated
during the simulator’s initial
evaluation.

7.c.

The simulator must accurately simulate the sound of precipitation, windshield
wipers, and other significant airplane noises perceptible to the pilot during
normal and abnormal operations, and include the sound of a crash (when the
simulator is landed in an unusual attitude or in excess of the structural gear
limitations); normal engine and thrust reversal sounds; and the sounds of flap,

For simulators qualified for
full stall training tasks, sounds
associated with stall buffet
should be replicated if
significant in the airplane.
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gear, and spoiler extension and retraction.
Sounds must be directionally representative.

A SOC is required.

7.d.

The simulator must provide realistic amplitude and frequency of flight deck
noises and sounds. Simulator performance must be recorded, compared to
amplitude and frequency of the same sounds recorded in the airplane, and be
made a part of the QTG. .
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3. Inflight Maneuvers.

3.b. High Angle of Attack Maneuvers

3.b.1 Approaches to Stall X | X

3.b.2 Full Stall X | X | Stall maneuvers at angles of
attack above the activation of
the stall warning system.
Required only for FSTDs
qualified to conduct full stall
training tasks as indicated on
the Statement of Qualification.

* * % * * % * *
3.g. Upset Prevention and Recovery Training (UPRT) X | X | Upset recovery or unusual

attitude training maneuvers
within the FSTD’s validation
envelope that are intended to
exceed pitch attitudes greater
than 25 degrees nose up; pitch
attitudes greater than 10
degrees nose down, and bank

angles greater than 45 degrees.
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Federal Register/Vol. 81, No. 61/Wednesday, March 30, 2016/Rules and Regulations

18241

m E. Paragraph 11.a.(1);
m F. Paragraph 11.b.(5);
m G. Paragraph 12.a.;
The revisions read as follows:

Appendix A to Part 60—Qualification
Performance Standards for Airplane
Full Flight Simulators

* * * * *

Attachment 2 to Appendix A to Part 60—FFS
OBJECTIVE TESTS

* * * * *

* * * * *

e. It is not acceptable to program the FFS
so that the mathematical modeling is correct
only at the validation test points. Unless
otherwise noted, simulator tests must

represent airplane performance and handling
qualities at operating weights and centers of
gravity (CG) typical of normal operation.
Simulator tests at extreme weight or CG
conditions may be acceptable where required
for concurrent aircraft certification testing.
Tests of handling qualities must include
validation of augmentation devices.

* * * * *



1. Performance.

l.a. Taxi.
l.a.1 Minimum radius +0.9 m (3 ft) or £20% Ground. Plot both main and nose gear loci and key engine
turn. of airplane turn radius. parameter(s). Data for no brakes and the
minimum thrust required to maintain a steady
turn except for airplanes requiring asymmetric
thrust or braking to achieve the minimum radius
turn.
l.a.2 Rate of turn versus +10% or £2°/s of turn Ground. Record for a minimum of two speeds, greater
nosewheel steering rate. than minimum turning radius speed with one at a
angle (NWA). typical taxi speed, and with a spread of at least 5
kt.
1.b. Takeoff. Note.— All airplane manufacturer
commonly-used certificated take-off flap settings
must be demonstrated at least once either in
minimum unstick speed (1.b.3), normal take-off
(1.b.4), critical engine failure on take-off (1.5.5)
or crosswind take-off (1.b.6).
1.b.1 Ground acceleration +].5sor Takeoff. Acceleration time and distance must be recorded May be combined with
time and distance. +5% of time; and for a minimum of 80% of the total time from normal takeoff (1.b.4.) or
+61 m (200 ft) or 5% brake release to V.. Preliminary aircraft rejected takeoff (1.b.7.).
of distance. certification data may be used. Plotted data should be shown
using appropriate scales for
each portion of the maneuver.
1.b.2 Minimum control +25% of maximum Takeoff. Engine failure speed must be within +1 kt of If a Vp test is not available,
speed, ground (Vieg) | airplane lateral airplane engine failure speed. Engine thrust decay an acceptable alternative is a
using aerodynamic deviation reached or must be that resulting from the mathematical flight test snap engine
cont'rols only per +1.5m (5 ft). model for the engine applicable to the FSTD deceleration to idle at a speed
apphcabl_e under test. If the modeled engine is not the same between V, and V,-10 kt,
airworthiness Lo . . s . followed by control of
requirement or For alr.planes with as the airplane manufactu.rer s flight tt?sF engine, a heading using acrodynamic
alternative engine reversible flight control furthf:r' test mlay be run with the same }nltlal control only and recovery
inoperative test to systems: conditions using the thrust from the flight test should be achieved with the
demonstrate ground data as the driving parameter. main gear on the ground.
control +2.2 daN (5 1bf) or £10%
characteristics. of rudder pedal force. To ensure only aerodynamic
control, nosewheel steering
should be disabled (i.e.
castored) or the nosewheel
held slightly off the ground.
1.b.3 Minimum unstick +3 kt airspeed. Takeoff. Record time history data from 10 knots before Vo is defined as the

speed (Vi) or
equivalent test to

+1.5° pitch angle.

start of rotation until at least 5 seconds after the
occurrence of main gear lift-off.

minimum speed at which the

1474411

suorie[nday pue SOy /910Z ‘0 YOIB]N ‘ABPSauUpPaj) /19 ‘ON ‘I8 '[OA /JI9)ISISay [eIapajg



demonstrate early
rotation take-off
characteristics.

last main landing gear leaves
the ground. Main landing gear
strut compression or
equivalent air/ground signal
should be recorded. If a Vi,
test is not available,
alternative acceptable flight
tests are a constant high-
attitude takeoff run through
main gear lift-off or an early
rotation takeoff.

If either of these alternative
solutions is selected, aft body
contact/tail strike protection
functionality, if present on the
airplane, should be active.

1.b.4

Normal take-off.

+3 kt airspeed.
+1.5° pitch angle.
+1.5° AOA.

+6 m (20 ft) height.

For airplanes with
reversible flight control
systems:

+2.2 daN (5 Ibf) or
+10% of column force.

Takeoff.

Data required for near maximum certificated
takeoff weight at mid center of gravity location
and light takeoff weight at an aft center of gravity
location. If the airplane has more than one
certificated takeoff configuration, a different
configuration must be used for each weight.

Record takeoff profile from brake release to at
least 61 m (200 ft) AGL.

The test may be used for
ground acceleration time and
distance (1.b.1).

Plotted data should be shown
using appropriate scales for
each portion of the maneuver.

Critical engine failure
on take-off.

+3 kt airspeed.
+1.5° pitch angle.
+1.5° AOA.

+6 m (20 ft) height.
+2° roll angle.

+2° side-slip angle.
+3° heading angle.

For airplanes with
reversible flight control
systems:

Takeoff.

Record takeoff profile to at least 61 m (200 ft)
AGL.

Engine failure speed must be within £3 kt of
airplane data.

Test at near maximum takeoff weight.
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+2.2 daN (5 Ibf) or
+10% of column force;
+1.3 daN (3 Ibf) or
+10% of wheel force;
and

+2.2 daN (5 Ibf) or

+10% of rudder pedal
force.

1.b.6

Crosswind takeoff.

+ 3 kt airspeed.

+1.5° pitch angle.
+1.5° AOA.

+6 m (20 ft) height.
+2° roll angle.

+2° side-slip angle.

+3° heading angle.
Correct trends at ground
speeds below 40 kt for
rudder/pedal and
heading angle.

For airplanes with
reversible flight control

systems:

+2.2 daN (5 Ibf) or
+10% of column force;

+1.3 daN (3 Ibf) or
+10% of wheel force;
and

+2.2 daN (5 1bf) or
+10% of rudder pedal
force.

Takeoff.

Record takeoff profile from brake release to at
least 61 m (200 ft) AGL.

This test requires test data, including wind
profile, for a crosswind component of at least
60% of the airplane performance data value
measured at 10 m (33 ft) above the runway.

Wind components must be provided as headwind
and crosswind values with respect to the runway.

In those situations where a
maximum crosswind or a
maximum demonstrated
crosswind is not known,
contact the NSPM.

L.b.7.

Rejected Takeoff.

+5% of time or 1.5 s.

Takeoff.

Record at mass near maximum takeoff weight.

Autobrakes will be used
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+7.5% of distance or
+76 m (250 ft).

Speed for reject must be at least 80% of V.

Maximum braking effort, auto or manual.

Where a maximum braking demonstration is not
available, an acceptable alternative is a test using
approximately 80% braking and full reverse, if
applicable.

Time and distance must be recorded from brake
release to a full stop.

where applicable.

1.b.8.

Dynamic Engine
Failure After
Takeoff.

+2°/s or £20% of body
angular rates.

Takeoff.

Engine failure speed must be within £3 kt of
airplane data.

Engine failure may be a snap deceleration to idle.

Record hands-off from 5 s before engine failure
to +5 s or 30° roll angle, whichever occurs first.

CCA: Test in Normal and Non-normal control
state.

For safety considerations,
airplane flight test may be
performed out of ground
effect at a safe altitude, but
with correct airplane
configuration and airspeed.

l.c.

Climb.

l.c.1.

Normal Climb, all
engines operating.

+3 kt airspeed.

+0.5 m/s (100 ft/ min)

or +5% of rate of climb.

Clean.

Flight test data are preferred; however, airplane
performance manual data are an acceptable
alternative.

Record at nominal climb speed and mid initial
climb altitude.

FSTD performance is to be recorded over an
interval of at least 300 m (1 000 ft).

l.c.2.

One-engine-
inoperative 2nd
segment climb.

+3 kt airspeed.

+0.5 m/s (100 ft/ min)

or +5% of rate of climb,

but not less than
airplane performance
data requirements.

2nd segment climb.

Flight test data is preferred; however, airplane
performance manual data is an acceptable
alternative.

Record at nominal climb speed.

FSTD performance is to be recorded over an
interval of at least 300 m (1,000 ft).

Test at WAT (weight, altitude or temperature)
limiting condition.
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1.c.3. One Engine +10% time, £10% Clean Flight test data or airplane performance manual
Inoperative En route distance, £10% fuel data may be used.
Climb. used
Test for at least a 1,550 m (5,000 ft) segment.
l.c4. One Engine +3 kt airspeed. Approach Flight test data or airplane performance manual Airplane should be
Inoperative Approach data may be used. configured with all anti-ice
Climb for airplanes +0.5 m/s (100 ft/ min) and de-ice systems operating
withicing or +5% rate of climb, FSTD performance to be recorded over an normally, gear up and go-
accountability if but not less than ;
. . interval of at least 300 m (1,000 ft). around flap.
provided in the airplane performance
ggt';l ?2: t;;ei;formance data. Test near maximum certificated landing weight All icing accountability
phase of X e ) ) .
flight. as may be applicable to an approach in icing CQ“SIderat]O“S, in accordance
conditions. with the airplane performance
data for an approach in icing
conditions, should be applied.
1.d. Cruise / Descent.
1.d.1. Level flight +5% Time Cruise Time required to increase airspeed a minimum of
acceleration 50 kt, using maximum continuous thrust rating or
equivalent.
For airplanes with a small operating speed range,
speed change may be reduced to 80% of
operational speed change.
1.d.2. Level flight +£5% Time Cruise Time required to decrease airspeed a minimum of
deceleration. 50 kt, using idle power.
For airplanes with a small operating speed range,
speed change may be reduced to 80% of
operational speed change.
1.d.3. Cruise performance. +.05 EPR or £3% N1 Cruise. The test may be a single snapshot showing
or £5% of torque. instantaneous fuel flow, or a minimum of two
consecutive snapshots with a spread of at least 3
1+59% of fuel flow. minutes in steady flight.
1.d4. Idle descent. +3 kt airspeed. Clean. Idle power stabilized descent at normal descent
speed at mid altitude.
+1.0 m/s (200 ft/min) or
+5% of rate of descent. FSTD performance to be recorded over an
interval of at least 300 m (1,000 ft).
1.d.5. Emergency descent. +5 kt airspeed. As per airplane FSTD performance to be recorded over an Stabilized descent to be

+1.5 m/s (300 ft/min) or
+5% of rate of descent.

performance data.

interval of at least 900 m (3,000 ft).

conducted with speed brakes
extended if applicable, at mid
altitude and near V,,, or
according to emergency
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descent procedure.

l.e.

Stopping.

l.e.l.

Deceleration time
and distance, manual
wheel brakes, dry
runway, no reverse
thrust.

+1.5 s or £5% of time.

For distances up to
1,220 m (4, 000 ft), the
smaller of £61 m (200
ft) or £10% of distance.

For distances greater
than 1,220 m (4, 000 ft),
+5% of distance.

Landing.

Time and distance must be recorded for at least
80% of the total time from touchdown to a full
stop.

Position of ground spoilers and brake system
pressure must be plotted (if applicable).

Data required for medium and near maximum
certificated landing mass.

Engineering data may be used for the medium
mass condition.

l.e.2.

Deceleration time
and distance, reverse
thrust, no wheel
brakes, dry runway.

+1.5 s or £5% of time;
and

the smaller of £61 m
(200 ft) or £10% of
distance.

Landing

Time and distance must be recorded for at least
80% of the total time from initiation of reverse

thrust to full thrust reverser minimum operating
speed.

Position of ground spoilers must be plotted (if
applicable).

Data required for medium and near maximum
certificated landing mass.

Engincering data may be used for the medium
mass condition.

Stopping distance,
wheel brakes, wet
runway.

+61 m (200 ft) or £10%
of distance.

Landing.

Either flight test or manufacturer’s performance
manual data must be used, where available.

Engineering data, based on dry runway flight test
stopping distance and the effects of contaminated
runway braking coefficients, are an acceptable
alternative.

Stopping distance,
wheel brakes, icy
runway.

+61 m (200 ft) or £10%
of distance.

Landing.

Either flight test or manufacturer’s performance
manual data must be used, where available.

Engineering data, based on dry runway flight test
stopping distance and the effects of contaminated
runway braking coefficients, are an acceptable
alternative.

1.f.

Engines.
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1.1.1. Acceleration. +10% Tior £0.25s; and | Approach or landing Total response is the incremental change in the X | X | X | X | See Appendix F of this part
+10% Tt or £0.25 s. critical engine parameter from idle power to go- for definitions of T; and T,.
around power.
1.£.2. Deceleration. +10% Ti or £0.25 s; and | Ground Total response is the incremental change in the X|X|[X[X See Appendix F of this part
critical engine parameter from maximum takeoff for definitions of T; and T,.
+10% Tt or £0.25 s. power to idle power.

2. Handling Qualities.

2.a. Static Control Tests.
Note.1 — Testing of position versus force is not applicable if forces are generated solely by use of airplane hardware in the FSTD.
Note 2 — Pitch, roll and yaw controller position versus force or time should be measured at the control. An alternative method in lieu of external test fixtures
at the flight controls would be to have recording and measuring instrumentation built into the FSTD. The force and position data from this instrumentation could
be directly recorded and matched to the airplane data. Provided the instrumentation was verified by using external measuring equipment while conducting the
static control checks, or equivalent means, and that evidence of the satisfactory comparison is included in the MOTG, the instrumentation could be used for both
initial and recurrent evaluations for the measurement of all required control checks. Verification of the instrumentation by using external measuring equipment
should be repeated if major modifications and/or repairs are made to the control loading system. Such a permanent installation could be used without any time
being lost for the installation of external devices. Static and dynamic flight control tests should be accomplished at the same feel or impact pressures as the
validation data where applicable.
Note 3— FSTD static control testing from the second set of pilot controls is only required if both sets of controls are not mechanically interconnected on the
FSTD. A rationale is required from the data provider if a single set of data is applicable to both sides. If controls are mechanically interconnected in the FSTD, a
single set of tests is sufficient.
2.a.1.a. Pitch controller +0.9 daN (2 Ibf) Ground. Record results for an uninterrupted control sweep | X | X | X | X | Test results should be
position versus force | breakout. to the stops. validated with in-flight data
and surface position from tests such as
calibration. +2.2 daN (5 Ibf) or longitudinal static stability,
£10% of force. stalls, etc.
+2° elevator angle.
2.a.1.b. (Reserved)
2.a.2.a. Roll controller +0.9 daN (2 Ibf) Ground. Record results for an uninterrupted control sweep | X | X | X | X | Test results should be
position versus force | breakout. to the stops. validated with in-flight data
and surface position from tests such as engine-out
calibration. +1.3 daN (3 Ibf) or trims, steady state side-slips,
+10% of force. ete.
+2° aileron angle.
+3° spoiler angle.
2.a.2.b. (Reserved)
2.a.3.a. Rudder pedal +2.2 daN (5 Ibf) Ground. Record results for an uninterrupted control sweep | X | X | X | X | Test results should be
position versus force | preakout. to the stops. validated with in-flight data
and surface position from tests such as engine-out
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calibration.

+2.2 daN (5 Ibf) or
+10% of force.

+2° rudder angle.

trims, steady state side-slips,
etc.

2.a.3.b. (Reserved)

2.a.4. Nosewheel Steering +0.9 daN (2 Ibf) Ground. Record results of an uninterrupted control sweep to
Controller Force and | preakout. the stops.

Position Calibration.
+1.3 daN (3 1bf) or
+10% of force.
+2° NWA.

2.a.5. Rudder Pedal 1£2° NWA. Ground. Record results of an uninterrupted control sweep to
Steering Calibration. the stops.

2.2.6. Pitch Trim Indicator £0.5° trim angle. Ground. The purpose of the test is to
vs. Surface Position compare FSTD surface
Calibration. position and indicator against

the flight control model
computed value.

2..7. Pitch Trim Rate. +10% of trim rate (°/s) Ground and approach. Trim rate to be checked at pilot primary induced

or trim rate (ground) and autopilot or pilot primary
trim rate in-flight at go-around flight conditions.
+0.1°/s trim rate.
For CCA, representative flight test conditions must
be used.

2.2.8. Alignment of cockpit | When matching engine | Ground. Simultaneous recording for all engines. The Data from a test airplane or
throttle Iever' versus parameters: tolerances apply against airplanc data. engineering test bench are
selected engine acceptable, provided the
parameter. £5° of TLA. For airplanes with throttle detents, all detents to correct engine controller

be presented and at least one position between (both hardware and software)
When matching detents: detents/ endpoints (where practical). For is used.
airplanes without detents, end points and at least
+3% N1 or +.03 EPR or three other positions are to be presented. In the case of propeller-driven
+3% torque, or airplanes, if an additional
equivalent. lever, usually referred to as
the propeller lever, is present,
] it should also be checked.
Where the levers do not This test may be a series of
have angular travel, a snapshot tests.
tolerance of £2 cm
(0.8 in) applics.
2.2.9. Brake pedal position | £2.2 daN (5 Ibf) or Ground. Relate the hydraulic system pressure to pedal FFS computer output results

versus force and

may be used to show
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brake system
pressure calibration.

+10% of force.

+1.0 MPa (150 psi) or
+10% of brake system

position in a ground static test.

Both left and right pedals must be checked.

compliance.

pressure.

2.a.10 Stick Pusher System £10% or 5 1b (2.2 Ground or Flight Test is intended to validate the stick/column Aircraft manufacturer design
Force Calibration (if daN)) Stick/Column transient forces as a result of a stick pusher data may be utilized as
applicable) force system activation. validation data as determined

acceptable by the NSPM.
This test may be conducted in an on-ground
condition through stimulation of the stall Test requirement may be met
protection system in a manner that generates a through column force
stick pusher response that is representative of an validation testing in
in-flight condition. conjunction ‘w1th the Stall
Characteristics test (2.c.8.a.).
This test is required only for
FSTDs qualified to conduct
full stall training tasks.
2.b. Dynamic Control Tests.
Note.— Tests 2.b.1, 2.b.2 and 2.b.3 are not applicable for F'STDs where the control forces are completely generated within the
airplane controller unit installed in the FSTD. Power setting may be that required for level flight unless otherwise specified. See
paragraph 4 of this attachment..
2.b.1. Pitch Control. For underdamped Takeoff, Cruise, and Data must be for normal control displacements in n = the sequential period of a

systems:

T(Py) £10% of Py or
+0.05 s.

T(P;) £20% of P, or
+0.05 s.

T(P,) £30% of P, or
+0.05 s.

T(P,) £10*(n+1)% of P,
or £0.05 s.

T(Aq) £10% of Apax,
where Ay is the largest
amplitude or £0.5% of
the total control travel

Landing.

both directions (approximately 25% to 50% of
full throw or approximately 25% to 50% of
maximum allowable pitch controller deflection
for flight conditions limited by the maneuvering
load envelope).

Tolerances apply against the absolute values of
each period (considered independently).

full oscillation.

Refer to paragraph 4 of this
Attachment.

For overdamped and critically
damped systems, see Figure
A2B of Appendix A for an
illustration of the reference
measurement.
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(stop to stop).

T(Aq) £5% of Aq=
residual band or £0.5%
of the maximum control
travel = residual band.

+1 significant

overshoots (minimum of

1 significant overshoot).

Steady state position
within residual band.

Note 1.— Tolerances
should not be applied on
period or amplitude
after the last significant
overshoot.

Note 2.—
Oscillations within the
residual band are not
considered significant
and are not subject to
tolerances.

For overdamped and
critically damped
systems only, the
following tolerance
applies:

T(Py) £10% of Py or
+0.05 s.

2.b.2. Roll Control. Same as 2.b.1. Takeoff, Cruise, and Data must be for normal control displacement Refer to paragraph 4 of this
Landing. (approximately 25% to 50% of full throw or Attachment.
approximately 25% to 50% of maximum
allowable roll controller deflection for flight For overdamped and critically
conditions limited by the maneuvering load damped systems, sce Figure
envelope). A2B of Appendix A for an
illustration of the reference
measurement.
2.b.3. Yaw Control. Same as 2.b.1. Takeoff, Cruise, and Data must be for normal control displacement Refer to paragraph 4 of this
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Landing.

(approximately 25% to 50% of full throw).

Attachment.

For overdamped and critically
damped systems, see Figure
A2B of Appendix A for an
illustration of the reference
measurement.

2.b.4.

Small Control Inputs
— Pitch.

+0.15°/s body pitch rate
or £20% of peak body
pitch rate applied
throughout the time
history.

Approach or Landing.

Control inputs must be typical of minor
corrections made while established on an ILS
approach (approximately 0.5 to 2°/s pitch rate).

Test in both directions.

Show time history data from 5 s before until at
least 5 s after initiation of control input.

If a single test is used to demonstrate both
directions, there must be a minimum of 5 s before
control reversal to the opposite direction.

CCA: Test in normal and non-normal control state.

Small Control Inputs
—Roll.

+0.15°/s body roll rate or
+20% of peak body roll
rate applied throughout
the time history.

Approach or landing.

Control inputs must be typical of minor
corrections made while established on an ILS
approach (approximately 0.5 to 2°/s roll rate).

Test in one direction. For airplanes that exhibit
non-symmetrical behavior, test in both directions.

Show time history data from 5 s before until at
least 5 s after initiation of control input.

If a single test is used to

demonstrate both directions, there must be a
minimum of 5 s before control reversal to the
opposite direction.

CCA: Test in normal and non-normal control
state.

2.b.6.

Small Control Inputs
— Yaw.

+0.15°/s body yaw rate
or £20% of peak body
yaw rate applied
throughout the time
history.

Approach or landing.

Control inputs must be typical of minor
corrections made while established on an ILS
approach (approximately 0.5 to 2°/s yaw rate).

Test in both directions.
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Show time history data from 5 s before until at
least 5 s after initiation of control input.

If a single test is used to demonstrate both
directions, there must be a minimum of 5 s before
control reversal to the opposite direction.

CCA: Test in normal and non-normal control
state.

Longitudinal Control

Tests.

Power setting is that required for level flight unless

otherwise specified.

Power Change
Dynamics.

+3 kt airspeed.

+30 m (100 ft) altitude.
+1.5° or +£20% of pitch
angle.

Approach.

Power change from thrust for approach or level
flight to maximum continuous or go-around
power.

Time history of uncontrolled free response for a
time increment equal to at least 5 s before
initiation of the power change to the completion
of the power change

+15s.

CCA: Test in normal and non-normal control
mode

Flap/Slat Change
Dynamics.

+3 kt airspeed.
+30 m (100 ft) altitude.

+1.5° or £20% of pitch
angle.

Takeoff through initial
flap retraction, and
approach to landing.

Time history of uncontrolled free response for a
time increment equal to at least 5 s before
initiation of the reconfiguration change to the
completion of the reconfiguration change + 15 s.

CCA: Test in normal and non-normal control
mode

2.¢.3.

Spoiler/Speedbrake
Change Dynamics.

+3 kt airspeed.

+30 m (100 ft) altitude.

+1.5° or +20% of pitch
angle.

Cruise.

Time history of uncontrolled free response for a
time increment equal to at least 5 s before
initiation of the configuration change to the
completion of the configuration change +15 s.

Results required for both extension and
retraction.

CCA: Test in normal and non-normal control
mode

Gear Change

+3 kt airspeed.

Takeoff (retraction), and

Time history of uncontrolled free response for a
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Dynamics.

+30 m (100 ft) altitude.

+1.5° or £20% of pitch
angle.

Approach (extension).

time increment equal to at least 5 s before
initiation of the configuration change to the
completion of the configuration change
+15s.

CCA: Test in normal and non-normal control
mode

2.¢.5 Longitudinal Trim. +1° elevator angle. Cruise, Approach, and Steady-state wings level trim with thrust for level
Landing. flight. This test may be a series of snapshot tests.
+0.5° stabilizer or trim
surface angle. CCA: Test in normal or non-normal control
mode, as applicable.
+1° pitch angle.
+5% of net thrust or
equivalent.
2.¢.6. Longitudinal +2.2 daN (5 Ibf) or Cruise, Approach, and Continuous time history data or a series of
Maneuvering £10% of pitch controller | Landing. snapshot tests may be used.
Stability (Stick force.
Force/g). Test up to approximately 30° of roll angle for
Alternative method: approach and landing configurations. Test up to
approximately 45° of roll angle for the cruise
+1° or £10% of the configuration.
change of elevator angle.
Force tolerance not applicable if forces are
generated solely by the use of airplane hardware
in the FSTD.
Alternative method applies to airplanes which do
not exhibit stick-force-per-g characteristics.
CCA: Test in normal or non-normal control mode
2.¢.7. Longitudinal Static +2.2 daN (5 Ibf) or Approach. Data for at least two speeds above and two speeds

Stability.

+10% of pitch controller
force.

Alternative method:

+1° or £10% of the
change of elevator angle.

below trim speed. The speed range must be
sufficient to demonstrate stick force versus speed
characteristics.

This test may be a series of snapshot tests.
Force tolerance is not applicable if forces are

generated solely by the use of airplane hardware
in the FSTD.
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Alternative method applies to airplanes which do
not exhibit speed stability characteristics.

CCA: Test in normal or non-normal control mode,
as applicable.

2.c.8.a

Stall Characteristics

+3 kt airspeed for stall
warning and stall
speeds.

+2.0° angle of attack for
buffet threshold of
perception and initial
buffet based upon Nz
component.

Control inputs must be
plotted and demonstrate
correct trend and
magnitude.

Approach to stall:
+2.0° pitch angle;
+2.0° angle of attack;
and

+2.0° bank angle

Stall warning up to stall:
+2.0° pitch angle;

+2.0° angle of attack;
and

Correct trend and
magnitude for roll rate
and yaw rate.

Stall Break and
Recovery:

SOC Required (see
Attachment 7)

Additionally, for those
simulators with
reversible flight control
systems or equipped
with stick pusher

Second Segment Climb,
High Altitude Cruise
(Near Performance
T.imited Condition), and
Approach or Landing

Each of the following stall entries must be
demonstrated in at least one of the three flight
conditions:
= Stall entry at wings level (1g)
= Stall entry in turning flight of at least 25°
bank angle (accelerated stall)
= Stall entry in a power-on condition (required
only for propeller driven aircraft)

The cruise flight condition must be conducted in
a flaps-up (clean) configuration. The second
segment climb flight condition must use a
different flap setting than the approach or landing
flight condition.

Record the stall warning signal and initial buffet,
if applicable. Time history data must be recorded
for full stall through recovery to normal flight.
The stall warning signal must occur in the proper
relation to buffet/stall. FSTDs of airplanes
exhibiting a sudden pitch attitude change or “g
break” must demonstrate this characteristic.
FSTDs of airplanes exhibiting a roll off or loss of
roll control authority must demonstrate this
characteristic.

Numerical tolerances are not applicable past the
stall angle of attack, but must demonstrate correct
trend through recovery. See Attachment 7 for
additional requirements and information
concerning data sources and required angle of
attack ranges.

CCA: Test in normal and non-normal control
states. For CCA aircraft with stall envelope
protection systems, the normal mode testing is only|
required to an angle of attack range necessary to
demonstrate the correct operation of the system.

These tests may be used to satisfy the required

Buffet threshold of perception
should be based on 0.03 g
peak to peak normal
acceleration above the
background noise at the pilot
seat. Initial buffet to be based
on normal acceleration at the
pilot seat with a larger peak to
peak value relative to buffet
threshold of perception (some
airframe manufacturers have
used 0.1 g peak to peak).
Demonstrate correct trend in
growth of buffet amplitude
from initial buffet to stall
speed for normal and lateral
acceleration.

The FSTD sponsor/FSTD
manufacturer may limit
maximum buffet based on
motion platform
capability/limitations or other
simulator system limitations.

Tests may be conducted at
centers of gravity and weights
typically required for airplane
certification stall testing.

This test is required only for
FSTDs qualified to conduct
full stall training tasks.

In instances where flight test
validation data is limited due
to safety of flight
considerations, engineering
simulator validation data may
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systems: £10% or =5 1b
(2.2 daN))
Stick/Column force
(prior to the stall angle
of attack).

(angle of attack) flight maneuver and envelope
protection tests (test 2.h.6.). Non-normal control
states must be tested through stall identification
and recovery.

be used in lieu of flight test
validation data for angles of
attack that exceed the
activation of a stall protection
system or stick pusher
system.

Where approved engineering
simulation validation is used,
the reduced engineering
tolerances (as defined in
paragraph 11 of this
appendix) do not apply.

2.c.8.b  [Approach to Stall +3 kt airspeed for stall Second Segment Climb, | Each of the following stall entries must be Tests may be conducted at
Characteristics warning speeds. High Altitude Cruise demonstrated in at least one of the three flight centers of gravity and weights
(Near Performance conditions: typically required for airplane
+2.0° angle of attack for | Limited Condition), and = Approach to stall entry at wings level (1g) certification stall testing.
initial buffet. Approach or Landing = Approach to stall entry in turning flight of at
least 25° bank angle (accelerated stall) Tolerances on stall buffet are
Control displacements = Approach to stall entry in a power-on not applicable where the first
and flight control condition (required only for propeller driven indication of the stall is the
surfaces must be plotted aircraft) activation of the stall warning
and demonstrate correct system (i.e. stick shaker).
trend and magnitude. The cruise flight condition must be conducted in
a flaps-up (clean) configuration. The second
+2.0° pitch angle; segment climb flight condition must use a
£2.0° angle of attack; different flap setting than the approach or landing
and flight condition.
+2.0° bank angle
CCA: Test in Normal and Non-normal control
Additionally, for those states. For CCA aircraft with stall envelope
simulators with protection systems, the normal mode testing is
reversible flight control only required to an angle of attack range
systems: £10% or £5 Ib necessary to demonstrate the correct operation of
(2.2 daN)) the system. These tests may be used to satisfy the
Stick/Column force required (angle of attack) flight maneuver and
envelope protection tests (test 2.h.6.).
2.¢.9. Phugoid Dynamics. +10% of period. Cruise. Test must include three full cycles or that
necessary to determine time to one half or double
+10% of time to one half amplitude, whichever is less.
or double amplitude or
+0.02 of damping ratio. CCA: Test in non-normal control mode.
2.¢.10 Short Period +1.5° pitch angle or Cruise. CCA: Test in normal and non-normal control
Dynamics. +2°/s pitch rate. mode.
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+0.1 g normal

acceleration
2.c.11. (Reserved)

2.d. Lateral Directional Tests.

Power setting is that required for level flight unless otherwise specified.

2.d.1. Minimum control +3 kt airspeed. Takeoff or Landing Takeoff thrust must be set on the operating Minimum speed may be
speed, air (Vinea) Or (whichever is most engine(s). defined by a performance or
land@ng (Vinal), per critical in the airplane). control limit which prevents
aPP"Cab!e Time history or snapshot data may be used. demonstration of Ve, OF Ve
airworthiness . .

¢ in the conventional manner.
requirement or low . .
speed engine- CCA: Test in normal or non-normal control state,
inoperative handling as applicable.
characteristics in the
air.

2.d.2. Roll Response 12°/s or £10% of roll Cruise, and Approach or | Test with normal roll control displacement
(Rate). rate. Landing. (approximately one-third of maximum roll

controller travel).

f;r;;g}g??gm?on irol This test may be combined with step input of
flight deck roll controller test 2.d.3.

systems:

+1.3 daN (3 Ibf) or

+10% of wheel force.

2.d.3. Step input of flight +2° or £10% of roll Approach or Landing. This test may be combined with roll response With wings level, apply a step

deck roll controller. angle. (rate) test 2.d.2. roll control input using

approximately one-third of

CCA: Test in normal and non-normal control the roll controller travel.

mode When reaching approximately
20° to 30° of bank, abruptly
return the roll controller to
neutral and allow
approximately 10 seconds of
airplane free response.

2.d4. Spiral Stability. Correct trend and £2° or | Cruise, and Approach or | Airplane data averaged from multiple tests may

+10% of roll angle in 20
.

If alternate test is used:
correct trend and +2°
aileron angle.

Landing.

be used.

Test for both directions.

As an alternative test, show lateral control
required to maintain a steady turn with a roll
angle of approximately 30°.
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CCA: Test in non-normal control mode.

2.d.5. Engine Inoperative +1° rudder angle or £1° | Second Segment Climb, | This test may consist of snapshot tests. Test should be performed in a
Trim. tab angle or equivalent | and Approach or manner similar to that for
rudder pedal. Landing. which a pilot is trained to trim
an engine failure condition.
+2° side-slip angle.
2nd segment climb test
should be at takeoff thrust.
Approach or landing test
should be at thrust for level
flight.
2.d.6. Rudder Response. £2°/s or £10% of yaw Approach or Landing. Test with stability augmentation on and ofT.
rate.
Test with a step input at approximately 25% of
full rudder pedal throw.
CCA: Test in normal and non-normal control
mode
2.d4.7. Dutch Roll +0.5 s or £10% of Cruise, and Approach or | Test for at least six cycles with stability
period. Landing. augmentation off.
+10% of time to one CCA: Test in non-normal control mode.
half or double amplitude
or £.02 of damping
ratio.
+1 s or +20% of time
difference between
peaks of roll angle and
side-slip angle.
2.d.8. Steady State Sideslip. | For a given rudder Approach or Landing. This test may be a series of snapshot tests using

position:
+2° roll angle;
+1° side-slip angle;

+2° or £10% of aileron
angle; and

at least two rudder positions (in each direction for
propeller-driven airplanes), one of which must be
near maximum allowable rudder.
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+5° or £10% of spoiler
or equivalent roll
controller position or
force.

For airplanes with
reversible flight control
systems:

+1.3 daN (3 1bf) or
+10% of wheel force.

+2.2 daN (5 Ibf) or
+10% of rudder pedal
force.

2.e. Landings.
2.e.l. Normal Landing. £3 kt airspeed. Landing. Test from a minimum of 61 m (200 ft) AGL to Two tests should be shown,
nosewheel touchdown. including two normal landing
+1.5° pitch angle. flaps (if applicable) one of
CCA: Test in normal and which should be near
£1.5° AOA. non-normal control mode, if applicable. maximum certificated landing
mass, the other at light or
+3 m (10 ft) or £10% of medium mass.
height.
For airplanes with
reversible flight control
systems:
+2.2 daN (5 Ibf) or
+10% of column force.
2.e.2. Minimum Flap +3 kt airspeed. Minimum Certified Test from a minimum of 61 m (200 ft) AGL to

Landing.

+1.5° pitch angle.
+1.5° AOA.

+3 m (10 ft) or £10% of
height.

For airplanes with

Landing Flap
Configuration.

nosewheel touchdown.

Test at near maximum certificated landing weight.
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reversible flight control
systems:

+2.2 daN (5 1bf) or
+10% of column force.

2.e3. Crosswind Landing. +3 kt airspeed. Landing. Test from a minimum of 61 m (200 ft) AGL to a In those situations where a

50% decrease in main landing gear touchdown maximum crosswind or a

+1.5° pitch angle. speed. maximum demonstrated

crosswind is not known,

+1.5° AOA. Test data is required, including wind profile, for a contact the NSPM.
crosswind component of at least 60% of airplane

+3 m (10 ft) or £10% of performance data value measured at 10 m (33 ft)

height. above the runway.

+2° roll angle. Wind components must be provided as headwind
and crosswind values with respect to the runway.

+2° side-slip angle.

+3° heading angle.

For airplanes with

reversible flight control

systems:

+2.2 daN (5 Ibf) or

+10% of

column force.

+1.3 daN (3 1bf) or

+10% of wheel force.

+2.2 daN (5 1bf) or

+10% of rudder pedal

force.

2.e4. One Engine +3 kt airspeed. Landing. Test from a minimum of 61 m (200 ft) AGLtoa

Inoperative Landing.

+1.5° pitch angle.
+1.5° AOA.

+3 m (10 ft) or £10% of
height.

50% decrease in main landing gear touchdown
speed.
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+2° roll angle.
+2° side-slip angle.

+3° heading angle.

2.e.5 Autopilot landing (if | 1.5 m (5 ft) flare Landing. If autopilot provides roll-out guidance, record See Appendix F of this part
applicable). height. lateral deviation from touchdown to a 50% for definition of Tr.

decrease in main landing gear touchdown speed.

+0.5 s or + 10% of Tf.
Time of autopilot flare mode engage and main

+0.7 m/s (140 ft/min) gear touchdown must be noted.

rate of descent at

touchdown.

+3 m (10 ft) lateral

deviation during roll-

out.

2.¢.6. All-engine autopilot | +3 kt airspeed. As per airplane Normal all-engine autopilot go-around must be
go-around. performance data. demonstrated (if applicable) at medium weight.

+1.5° pitch angle.
+1.5° AOA.

2.e.7. One engine +3 kt airspeed. As per airplane Engine inoperative go-around required near
inoperative go performance data. maximum certificated landing weight with
around. +1.5° pitch angle. critical engine inoperative.

+1.5° AOA. Provide one test with autopilot (if applicable) and
one without autopilot.
+2° roll angle.
CCA: Non-autopilot test to be conducted in non-
+2° side-slip angle. normal mode.

2.e.8. Directional control +5 kt airspeed. Landing. Apply rudder pedal input in both directions using
(rudder effectiveness) full reverse thrust until reaching full thrust
with symmetric +£2°/s yaw rate. reverser minimum operating speed.
reverse thrust.

2.e.9. Directional control +5 kt airspeed. Landing. With full reverse thrust on the operating
(rudder effectiveness) engine(s), maintain heading with rudder pedal
with asymmetric ° . input until maximum rudder pedal input or thrust

+3° heading angle. - . .
reverse thrust. reverser minimum operation speed is reached.
2.1. Ground Effect.
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Test to demonstrate +1° elevator angle. Landing. A rationale must be provided with justification of X | X | X | See paragraph § of this
Ground Effect. results. Attachment for additional
+0.5° stabilizer angle. information.
CCA: Test in normal or non-normal control
+5% of net thrust or mode, as applicable.
equivalent.
+1° AOA.
+1.5 m (5 ft) or £10%
of height.
+3 Kkt airspeed.
+1° pitch angle.
2.g. Windshear.
Four tests, two See Attachment 5 of this | Takeoff and Landing. Requires windshear models that provide training X | X | See Attachment 5 of this
takeoff and two appendix. in the specific skills needed to recognize appendix for information
landing, with one of windshear phenomena and to execute recovery related to Level A and B
each conducted in procedures. See Attachment 5 of this appendix simulators.
still air and the other for tests, tolerances, and procedures.
with windshear active
to demonstrate
windshear models.
2.h. Flight Maneuver and Envelope Protection Functions.
Note. — The requirements of 2.h are only applicable to computer-controlled airplanes. Time history results of response
to control inputs during entry into each envelope protection function (i.e. with normal and degraded control states if their function
is different) are required. Set thrust as required to reach the envelope protection function.
2.h.1. Overspeed. +5 kt airspeed. Cruise. X|X|X
2.h.2. Minimum Speed. +3 kt airspeed. Takeoff, Cruise, and XXX
Approach or Landing.
2.h.3. Load Factor. +0.1g normal load factor | Takeoff, Cruise. X|X|X
2.h4. Pitch Angle. +1.5° pitch angle Cruise, Approach. X|X|X
2.h.5. Bank Angle. +2° or £10% bank angle | Approach. X|X|X
2.h.6. Angle of Attack. +1.5° angle of attack Second Segment Climb, X|X|X
and Approach or
Landing.
2.1 Engine and Airframe Icing Effects
2.i. Engine and Airframe Takeoff or Approach or | Time history of a full stall and initiation of the X | X | Tests will be evaluated for

Icing Effects
Demonstration (High
Angle of Attack)

Landing

[One flight condition —

recovery. Tests are intended to demonstrate
representative aerodynamic effects caused by in-
flight ice accretion. Flight test validation data is

representative effects on
relevant aerodynamic and
other parameters such as
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two tests (ice on and

off)]

not required.

Two tests are required to demonstrate engine and
airframe icing effects. One test will demonstrate
the FSTDs baseline performance without ice
accretion, and the second test will demonstrate
the aerodynamic effects of ice accretion relative
to the baseline test.

The test must utilize the icing model(s) as
described in the required Statement of
Compliance in Table A1A, Section 2.j. Test must
include rationale that describes the icing effects
being demonstrated. Icing effects may include,
but are not limited to, the following effects as
applicable to the particular airplane type:
= Decrease in stall angle of attack
= Changes in pitching moment
= Decrease in control effectiveness
= Changes in control forces
= [ncrease in drag
= Change in stall buffet characteristics and
threshold of perception
= Engine effects (power reduction/variation,
vibration, etc. where expected to be
present on the aircraft in the ice
accretion scenario being tested)

angle of attack, control
inputs, and thrust/power
settings.

Plotted parameters must
include:

. Altitude
. Airspeed
. Normal

acceleration
Engine power
Angle of attack
Pitch attitude
Bank angle
Flight control
inputs
e  Stall warning and
stall buffet onset

3. Motion System.

3.a. Frequency response.

As specified by the Not applicable. Appropriate test to demonstrate required See paragraph 6 of this
sponsor for FSTD frequency response. Attachment.
qualification.

3.b. Turn-around check.

As specified by the Not applicable. Appropriate test to demonstrate required smooth See paragraph 6 of this
sponsor for FSTD turn-around. Attachment.
qualification.

3.c Motion effects. Refer to Attachment 3 of this
Appendix on subjective
testing.

3.d. Motion system repeatability.

Motion system +0.05 g actual platform None.

repeatability linear accelerations.

Ensure that motion system
hardware and software (in
normal FSTD operating
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mode) continue to perform as
originally qualified.
Performance changes from
the original bascline can be
readily identified with this
information.

See paragraph 6.c. of this
Attachment.

3.e. Motion cueing fidelity
3.e.1. Motion cueing As specified by the Ground and flight. For the motion system as applied during training, Testing may be accomplished
fidelity — Frequency- [ FSTD manulfacturer for record the combined modulus and phase of the by the FSTD manufacturer
domain criterion. initial qualification. motion cueing algorithm and motion platform and results provided as a
over the frequency range appropriate to the statement of compliance.
characteristics of the simulated aircraft.
This test is only required for initial FSTD
qualification.
3.e.2. Reserved
3.f Characteristic motion | None. Ground and flight. The recorded test results for
vibrations. characteristic buffets should
The following tests allow the comparison of
with recorded results relative amplitude versus
and an SOC are frequency.
required for
characteristic motion o
vibrations, which can icttcaecll}ls;?;tragraph 6.¢. of this
be sensed at the flight :
deck where
applicable by
airplane type.
311, Thrust effect with The FSTD test results Ground. Test must be conducted at maximum possible
brakes set. must exhibit the overall thrust with brakes set.
appcarance and trends
of the airplane data,
with at least three (3) of
the predominant
frequency “spikes”
being present within & 2
Hz of the airplane data.
3.£2. Buffet with landing The FSTD test results Flight. Test condition must be for a normal operational

gear extended.

must exhibit the overall
appearance and trends
of the airplane data,

speed and not at the gear limiting speed.
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with at least three (3) of
the predominant
frequency “spikes”
being present within £ 2
Hz of the airplane data.

3.1.3. Buffet with flaps The FSTD test results Flight. Test condition must be at a normal operational
extended. must exhibit the overall speed and not at the flap limiting speed.
appearance and trends
of the airplane data,
with at least three (3) of
the predominant
frequency “spikes”
being present within & 2
Hz of the airplane data.

3.14. Buffet with The FSTD test results Flight. Test condition must be at a typical speed for a

speedbrakes must exhibit the overall representative buffet.
deployed. appearance and trends

of the airplane data,

with at least three (3) ol

the predominant

frequency “spikes™

being present within &2

Hz of the airplane data.

3.15. Stall buffet The F STD _test results Cruise (High Altitl‘lc_ie), Tests must be conducted for an angle of attack It slabilized‘ﬂight data
must exhibit the overall Second Scgment Climb, range betwecn the buffet threshold of perception to bctwcer} buffet threshold of
appearance and trends and Approach or the pilot and the stall angle of attack. Post stall perceplion and the stall
of the airplane data, Landing characteristics are not required. angle of attack arc not
with at least three (3) of available, PSD analysis
the predominant should be conducted for a
frequency “spikes” time span between initial
being present within & 2 buffet and the stall angle of
Hz of the airplane data. attack.

Test required only for
FSTDs qualificd for full
stall training tasks or for
those aircraft which exhibit
stall buffet before the
activation of the stall
warning system.

3.1.6. Buffet at high The FSTD test results Flight. Test condition should be for

airspeeds or high
Mach.

must exhibit the overall
appearance and trends
of the airplane dala,
with at least three (3) of
the predominant

high-speed maneuver
buffet/wind-up-turn or
alternatively Mach buflet.
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frequency “spikes”
being present within + 2
Hz of the airplane data.

3.£.7.

In-flight vibrations
for propeller driven
airplanes.

The FSTD test results
must exhibit the overall
appearance and trends
of the airplane data,
with at least three (3) of
the predominant
frequency “spikes”
being present within = 2
Hz of the airplane data.

Flight (clean

configuration).

Test should be conducted to
be representative of in-flight
vibrations for propeller-
driven airplanes.

4. Visual System.

4.a.

Visual scene quality

4.a.l.

Continuous
collimated cross-
cockpit visual field of
view.

Cross-cockpit,
collimated visual
display providing each
pilot with a minimum of
176° horizontal and 36°
vertical continuous field
of view.

Not applicable.

Required as part of MQTG but not required as
part of continuing evaluations.

Field of view should be
measured using a visual test
pattern filling the entire visual
scene (all channels)
consisting of a matrix of
black and white 5° squares.

Installed alignment should be
confirmed in an SOC (this
would generally consist of
results from acceptance
testing).

Continuous
collimated cross-
cockpit visual field of
view.

Continuous collimated
field-of-view providing
at least 45° horizontal
and 30° vertical field-
of-view for each pilot
seat. Both pilot seat
visual systems must be
operable
simultaneously.

Not applicable.

Required as part of MQTG but not required as
part of continuing evaluations.

A vertical field-of-view of
30° may be insufficient to
meet visual ground segment
requirements.

System geometry

5° even angular spacing
within +£1° as measured
from either pilot eye
point and within 1.5° for
adjacent squares.

Not applicable.

The angular spacing of any chosen 5° square and
the relative spacing of adjacent squares must be
within the stated tolerances.

The purpose of this test is to
evaluate local linearity of the
displayed image at either pilot
eye point. System geometry
should be measured using a
visual test pattern filling the
entire visual scene (all
channels) with a matrix of
black and white 5° squares
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with light points at the
intersections.

For continuing qualification
testing, the use of an optical
checking device is
encouraged. This device
should typically consist of a
hand-held go/no go gauge to
check that the relative
positioning is maintained.

Surface resolution
(object detection).

Not greater than 2 arc
minutes.

Not applicable.

An SOC is required and must include the relevant
calculations and an explanation of those
calculations.

This requirement is applicable to any level of
simulator equipped with a daylight visual system.

Resolution will be
demonstrated by a test of
objects shown to occupy the
required visual angle in each
visual display used on a scene
from the pilot’s eyepoint.

The object will subtend 2 arc
minutes to the eye.

This may be demonstrated
using threshold bars for a
horizontal test.

A vertical test should also be
demonstrated.

Light point size.

Not greater than 5 arc
minutes.

Not applicable.

An SOC is required and must include the relevant
calculations and an explanation of those
calculations.

This requirement is applicable to any level of
simulator equipped with a daylight visual system.

Light point size should be
measured using a test pattern
consisting of a centrally
located single row of white
light points displayed as both
a horizontal and vertical row.

It should be possible to move
the light points relative to the
cyepoint in all axes.

At a point where modulation
is just discernible in each
visual channel, a calculation
should be made to determine
the light spacing.

Raster surface
contrast ratio.

Not less than 5:1.

Not applicable.

This requirement is applicable to any level of
simulator equipped with a daylight visual system.

Surface contrast ratio should
be measured using a raster
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drawn test pattern filling the
entire visual scene (all
channels).

The test pattern should
consist of black and white
squares, 5° per square, with a
white square in the center of
each channel.

Measurement should be made
on the center bright square for
each channel using a 1° spot
photometer. This value
should have a minimum
brightness of 7 cd/m* (2 ft-
lamberts). Measure any
adjacent dark squares.

The contrast ratio is the bright
square value divided by the
dark square value.

Note 1. — During contrast
ratio testing, FSTD aft-cab
and flight deck ambient light
levels should be as low as
possible.

Note 2. —
Measurements should be
taken at the center of squares
to avoid light spill into the
measurement device.

Light point contrast
ratio.

Not less than 25:1.

Not applicable.

An SOC is required and must include the relevant
calculations.

Light point contrast ratio
should be measured using a
test pattern demonstrating an
area of greater than 1° area
filled with white light points
and should be compared to
the adjacent background.

Note. — Light point
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modulation should be just
discernible on calligraphic
systems but will not be

discernable on raster systems.

Measurements of the
background should be taken
such that the bright square is
just out of the light meter
FOV.

Note. — During
contrast ratio testing, FSTD
aft-cab and flight deck
ambient light levels should be
as low as practical.

Light point contrast
ratio.

Not less than 10:1.

Not applicable.

4.a.7

Light point
brightness.

Not less than 20 cd/m?
(5.8 ft-lamberts).

Not applicable.

Light points should be
displayed as a matrix creating
a square.

On calligraphic systems the

light points should just merge.

On raster systems the light
points should overlap such
that the square is continuous
(individual light points will
not be visible).

Surface brightness.

Not less than 20 cd/m?
(5.8 ft-lamberts) on the
display.

Not applicable.

This requirement is applicable to any level of
simulator equipped with a daylight visual system.

Surface brightness should be
measured on a white raster,
measuring the brightness
using the 1° spot photometer.

Light points are not
acceptable.

Use of calligraphic
capabilities to enhance raster
brightness is acceptable.

4.a9

Black level and

Black intensity:

Not applicable.

All projectors should be
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sequential contrast.

Background brightness
— Black polygon
brightness < 0.015
cd/m? (0.004 ft-
lamberts).

Sequential contrast:

Maximum brightness —
(Background brightness
— Black polygon
brightness) > 2,000:1.

turned off and the cockpit
environment made as dark as
possible. A background
reading should be taken of the
remaining ambient light on
the screen.

The projectors should then be
turned on and a black polygon
displayed. A second reading
should then be taken and the
difference between this and
the ambient level recorded.

A full brightness white
polygon should then be
measured for the sequential
contrast test.

This test is generally only
required for light valve
projectors.

4.a.10

Motion blur.

When a pattern is
rotated about the
eyepoint at 10°/s, the
smallest detectable gap
must be 4 arc min or
less.

Not applicable.

A test pattern consists of an
array of 5 peak white squares
with black gaps between them
of decreasing width.

The range of black gap widths
should at least extend above
and below the required
detectable gap, and be in
steps of 1 arc min.

The pattern is rotated at the
required rate.

Two arrays of squares should
be provided, one rotating in
heading and the other in
pitch, to provide testing in
both axes.

A series of stationary
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numbers identifies the gap
number.

Note.— This test can be
limited by the display
technology. Where this is the
case the NSPM should be
consulted on the limitations.

This test is generally only
required for light valve
projectors.

4.all Speckle test. Speckle contrast must Not applicable. An SOC is required describing the test method. This test is generally only
be < 10%. required for laser projectors.
4.b Head-Up Display
(HUD)
4b.1 Static Alignment. Static alignment with N/A Alignment requirement
displayed image. applies to any HUD system in
use or both simultaneously if
HUD bore sight must they are used simultaneously
align with the center of for training.
the displayed image
spherical pattern.
Tolerance +/- 6 arc min.
4b.2 System display. All functionality in all N/A A statement of the system
flight modes must be capabilities should be
demonstrated. provided and the capabilities
demonstrated
4b3 HUD attitude versus | Pitch and roll align with | Flight.
FSTD attitude aircraft instruments.
indicator (pitch and
roll of horizon).
dc Enhanced Flight
Vision System
(EFVS)
4.c.1 Registration test. Alignment between Takeoff point and on

EFVS display and out of
the window image must
represent the alignment
typical of the aircraft
and system type.

approach at 200 ft.

Note.— The effects of
the alignment tolerance in
4.b.1 should be taken into
account.
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42 EFVS RVR and The scene represents the | Flight. Infra-red scene representative
visibility calibration. EFVS view at 350 m of both 350 m (1,200 ft), and
(1,200 ft) and 1,609 m 1,609 m (1 sm) RVR.
(1 sm) RVR including
correct light intensity. Visual scene may be
removed.
4.c3 Thermal crossover. Demonstrate thermal Day and night. The scene will correctly
crossover effects during represent the thermal
day to night transition. characteristics of the scene
during a day to night
transition.
4d Visual ground segment
4.d.1 Visual ground Near end: the correct Trimmed in the landing | This test is designed to assess items impacting the
segment (VGS). number of approach configuration at 30 m accuracy of the visual scene presented to a pilot
lights within the (100 ft) wheel height at DH on an ILS approach.
computed VGS must be above; touchdown zone These items include:
visible. on glide glope at an
RVR setting of 300 m 1) RVR/Visibility:
(1,000 ft) or 350 m
Far end: £20% of the (1,200 ft).
computed VGS. 2) glide slope (G/S) and localizer modeling
accuracy (location and slope) for an ILS;
The threshold lights
computed to be visible 3) for a given weight, configuration and speed
must be visible in the representative of a point within the airplane’s
FSTD. operational envelope for a normal approach and
landing; and
4) Radio altimeter.
Note. — If non-homogeneous fog is
used, the vertical variation in horizontal visibility
should be described and included in the slant
range visibility calculation used in the VGS
computation.
4.e Visual System
Capacity
4e.l System capacity — Not less than: 10,000 Not applicable. Demonstrated through use of
Day mode. visible textured a visual scene rendered with

surfaces, 6,000 light
points, 16 moving
models.

the same image generator
modes used to produce scenes
for training.

The required surfaces, light
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points, and moving models
should be displayed
simultaneously.

4e2

System capacity — Not less than: 10,000 Not applicable.
Twilight/night mode. | visible textured
surfaces, 15,000 light
points, 16 moving
models.

Demonstrated through use of
a visual scene rendered with
the same image generator
modes used to produce scenes
for training.

The required surfaces, light
points, and moving models
should be displayed
simultaneously.

5. Sound System.

The sponsor will not be required to repeat the airplane tests (i.e., tests 5.a.1. through 5.a.8. (or 5.b.1. through 5.b.9.) and 5.c., as appropriate)
during continuing qualification evaluations if frequency response and background noise test results are within tolerance when compared to the
initial qualification evaluation results, and the sponsor shows that no software changes have occurred that will affect the airplane test results. If
the frequency response test method is chosen and fails, the sponsor may elect to fix the frequency response problem and repeat the test or the
sponsor may elect to repeat the airplane tests. If the airplane tests are repeated during continuing qualification evaluations, the results may be
compared against initial qualification evaluation results or airplane master data. All tests in this section must be presented using an unweighted
1/3-octave band format from band 17 to 42 (50 Hz to 16 kHz). A minimum 20 second average must be taken at the location corresponding to
the airplane data set. The airplane and flight simulator results must be produced using comparable data analysis techniques.

5.a.

Turbo-jet airplanes.

All tests in this section should
be presented using an
unweighted 1/3-octave band
format from at least band 17
to 42 (50 Hz to 16 kHz).

A measurement of minimum
20 s should be taken at the
location corresponding to the
approved data set.

The approved data set and
FSTD results should be
produced using comparable
data analysis techniques.

Refer to paragraph 7 of this
Attachment

Ready for engine Initial evaluation: Ground. Normal condition prior to engine start.
start. + 5 dB per 1/3 octave
band. The APU should be on if appropriate.

For initial evaluation, it is
acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
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Recurrent evaluation:
cannot exceed £5 dB
difference on threc
consecutive bands when
comparcd to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

that are consecutive and in
any case within + 7 dB from
approved reference data,
providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

5.a2. All engines at idle. | Initial evaluation: Ground. Normal condition prior to takeoft. For initial evaluation, it is
+ 5 dB per 1/3 octave acceptable to have some 1/3
band. octave bands out of + 5 dB
tolerance but not more than 2
Recurrent evaluation: that are consecutive and in
cannot exceed +5 dB any case within + 7 dB from
difference on three approved reference data,
consecutive bands when providing that the overall
compare d to initial trend is correct.
evaluation and the
average of the absolute . .
differonces between Where initial evaluatlgn '
initial and recurrent employs approved subjective
evaluation results tuning to develop the
cannot exceed 2 dB. approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.
5.a3. All engincs at Initial evaluation: Ground. Normal condition prior to takeoft. For initial evaluation, it is

maximum
allowable thrust
with brakes set.

+ 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consccutive bands when
compared to initial
evaluation and the
average of the absolute
differcnces between
initial and recurrent

acceptablc to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within + 7 dB from
approved reference data,
providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
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evaluation results
cannot exceed 2 dB.

tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

5.a4.

Climb

Initial evaluation:
+ 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

En-route climb.

Medium altitude.

For initial evaluation, it is
acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within + 7 dB from
approved relerence data,
providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

Cruise

Initial evaluation:
+ 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Cruise.

Normal cruise configuration.

For initial evaluation, it is
acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within = 7 dB from
approved reference data,
providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

Speed
brake/spoilers
extended (as
appropriate).

Initial evaluation:
+ 5 dB per 1/3 octave
band.

Cruise.

Normal and constant speed brake deflection for
descent at a constant airspeed and power setting.

For initial evaluation, it is
acceptable to have some 1/3
octave bands out of + 5 dB

suorie[nday pue SOy /910Z ‘0 YOIB]N ‘ABPSauUpPaj) /19 ‘ON ‘I8 '[OA /JI9)ISISay [eIapajg

GL2Z81



Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

tolerance but not more than 2
that are consecutive and in
any case within + 7 dB from
approved reference data,
providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

5.a7 Initial approach. Initial evaluation: Approach. Constant airspeed, For initial evaluation, it is
+ 5 dB per 1/3 octave gear up, acceptable to have some 1/3
band. flaps/slats as appropriate. octave bands out of + 5 dB
tolerance but not more than 2
Recurrent evaluation: that are consecutive and in
cannot exceed +5 dB any case within = 7 dB from
difference on three approved reference data,
consecutive bands when providing that the overall
compar_ed to initial trend is correct.
evaluation and the
average of the absolute o .
differences between Where initial evaluation
initial and recurrent employs approved subjective
evaluation results tuning to develop the
cannot exceed 2 dB. approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.
RE:RY Final approach. Initial evaluation: Landing. Constant airspeed, For initial evaluation, it is

+ 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between

gear down, landing
configuration flaps.

acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within + 7 dB from
approved reference data,
providing that the overall
trend is correct.

Where initial evaluation
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initial and recurrent
evaluation results
cannot exceed 2 dB.

employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

5b

Propeller-driven airplanes

All tests in this section should
be presented using an
unweighted 1/3-octave band
format [rom at least band 17
to 42 (50 Hz to 16 kHz).

A measurement of minimum
20 s should be taken at the
location corresponding to the
approved data set.

The approved data set and
FSTD results should be
produced using comparable
data analysis techniques.

Refer to paragraph 3.7 of this
Appendix.

5.b.1.

Ready for engine Initial evaluation:
start. + 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Ground.

Normal condition prior to engine start.

The APU should be on if appropriate.

For initial evaluation, it is
acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within + 7 dB from
approved reference data,
providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

suorie[nday pue SOy /910Z ‘0 YOIB]N ‘ABPSauUpPaj) /19 ‘ON ‘I8 '[OA /JI9)ISISay [eIapajg

LLZ81



5.b.2 All propellers Initial evaluation: Ground. Normal condition prior to takeoff. For initial evaluation, it is
feathered, if + 5 dB per 1/3 octave acceptable to have some 1/3
applicable. band. octave bands out of + 5 dB

tolerance but not more than 2
Recurrent evaluation: that are consecutive and in
cannot exceed +5 dB any case within + 7 dB from
differenc_e on three approved reference data,
consecutive bands when providing that the overall
compar_ed to initial trend is correct.
evaluation and the
average of the absolute L .
differences between Where initial evaluathn )
initial and recurrent employs approved subjective
evaluation results tuning to develop the
cannot exceed 2 dB. approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.
5b.3. Ground idle or Initial evaluation: Ground. Normal condition prior to takeoff. For initial evaluation, it is
equivalent. + 5 dB per 1/3 octave acceptable to have some 1/3
band. octave bands out of + 5 dB
tolerance but not more than 2
Recurrent evaluation: that are consecutive and in
cannot exceed +5 dB any case within + 7 dB from
differenc_e on three approved reference data,
consecutive bands when providing that the overall
compar_ed to initial trend is correct.
evaluation and the
average of the absolute L .
differences between Where initial evaluathn )
initial and recurrent employs approved subjective
evaluation results tuning to develop the
cannot exceed 2 dB. approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.
5b4 Flight idle or Initial evaluation: Ground. Normal condition prior to takeoff. For initial evaluation, it is

equivalent.

+ 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed £5 dB
difference on three

acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within £+ 7 dB from
approved reference data,
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consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

5b.5 All engines at Initial evaluation: Ground. Normal condition prior to takeoff. For initial evaluation, it is
maximum + 5 dB per 1/3 octave acceptable to have some 1/3
allowable power band. octave bands out of £ 5 dB
with brakes set. tolerance but not more than 2
Recurrent evaluation: that are consecutive and in
cannot exceed £5 dB any case within = 7 dB from
dlfferencg on three approved reference data,
CO“S"’C“t&"e b.ar.u.ls]when providing that the overall
compared fo initia trend is correct.
evaluation and the
f th | o .
average o the absolute Where initial evaluation
differences between .
- employs approved subjective
initial and recurrent "
. tuning to develop the
evaluation results
) approved reference standard,
cannot exceed 2 dB. .
recurrent evaluation
tolerances should be used
during recurrent evaluations.
5.b.6 Climb. Initial evaluation: En-route climb. Medium altitude. For initial evaluation, it is

+ 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within + 7 dB from
approved reference data,
providing that the overall
trend is correct.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.
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5.b.7 Cruise Initial evaluation: Cruise. Normal cruise configuration. For initial evaluation, it is
+ 5 dB per 1/3 octave acceptable to have some 1/3
band. octave bands out of £ 5 dB
tolerance but not more than 2
Recurrent evaluation: that are consecutive and in
cannot exceed £5 dB any case within = 7 dB from
difference on three approved reference data,
consecutive bar_l(_is when providing that the overall
compared to initial trend is correct
evaluation and the ’
average of the aPsolute Where initial evaluation
differences between L.
- employs approved subjective
initial and recurrent :
. tuning to develop the
evaluation results s
approved reference standard,
cannot exceed 2 dB. .
recurrent evaluation
tolerances should be used
during recurrent evaluations.
5.b.8 Initial approach. Tnitial evaluation: Approach. Constant airspeed, For initial evaluation, it is
+ 5 dB per 1/3 octave gear up, acceptable to have some 1/3
band. flaps extended as appropriate, octave bands out of + 5 dB
RPM as per operating manual. tolerance but not more than 2
Recurrent evaluation: that are consecutive and in
cannot exceed +5 dB any case within + 7 dB from
difference on three approved reference data,
consecutive b_ar_lc_ls when providing that the overall
compared to initial trend is correct
evaluation and the ’
averase of the absolute Where initial evaluation
differences between L
— employs approved subjective
initial and recurrent :
. tuning to develop the
evaluation results
approved reference standard,
cannot exceed 2 dB. .
recurrent evaluation
tolerances should be used
during recurrent evaluations.
5b.9 Final approach. Initial evaluation: Landing. Constant airspeed, For initial evaluation, it is

+ 5 dB per 1/3 octave
band.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the

gear down, landing
configuration flaps,

RPM as per operating manual.

acceptable to have some 1/3
octave bands out of + 5 dB
tolerance but not more than 2
that are consecutive and in
any case within + 7 dB from
approved reference data,
providing that the overall
trend is correct.
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average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations.

5.c Special cases. Initial evaluation: As appropriate. This applies to special steady-
+ 5 dB per 1/3 octave state cases identified as
band. particularly significant to the

pilot, important in training, or
Recurrent evaluation: unique to a specific airplane
cannot exceed +5 dB type or model.
difference on three
consecutive bands when For initial evaluation, it is
compa{ed to initial acceptable to have some 1/3
cvaluatlon‘ and the octave bands out of + 5 dB
average of the absolute
differonces between tolerance but not‘more than 2
initial and recurrent that are consecutive and in
evaluation results any case within + 7 dB from
cannot exceed 2 dB. approved reference data,
providing that the overall
trend is correct.
Where initial evaluation
employs approved subjective
tuning to develop the
approved reference standard,
recurrent evaluation
tolerances should be used
during recurrent evaluations
5d FSTD Initial evaluation: Results of the background noise at initial The simulated sound will be

background noise

background noise levels
must fall below the
sound levels described
in Paragraph 7.c (5) of
this Attachment.

Recurrent evaluation:
+3 dB per 1/3 octave
band compared to initial
evaluation.

qualification must be included in the QTG
document and approved by the NSPM.

The measurements are to be made with the
simulation running, the sound muted and a dead
cockpit.

evaluated to ensure that the
background noise does not
interfere with training.

Refer to paragraph 7 of this
Attachment.

This test should be presented
using an unweighted 1/3
octave band format from band
17 to 42 (50 Hz to 16 kHz).
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5e Frequency Initial evaluation: not Ground (static with all Only required if the results
response applicable. systems switched off) are to be used during
continuing qualification
Recurrent evaluation: evaluations in lieu of airplane
cannot exceed +5 dB tests.
difference on three
consecutive bands when The results must be approved
compared to initial by the NSPM during the
evaluation and the initial qualification.
average of the absolute
differences between This test should be presented
initial and recurrent using an unweighted 1/3
evaluation results octave band format from band
cannot exceed 2 dB. 17 to 42 (50 Hz to 16 kHz).
6 SYSTEMS
INTEGRATION
6.a. System response
time
6.a.1 Transport delay. Motion system and Pitch, roll and yaw. One separate test is required
instrument response: in each axis.
100 ms (or less) after
airplane response. Where EFVS systems are
installed, the EFVS response
Visual system response: should be within + or - 30 ms
120 ms (or less) after from visual system response,
airplane response. and not before motion system
response.

Note.— The delay from
the airplane EFVS electronic
elements should be added to
the 30 ms tolerance before
comparison with visual
system reference.

Transport delay. 300 milliseconds or less | Pitch, roll and yaw.

after controller
movement.

28281

suorie[nday pue SOy /910Z ‘0 YOIB]N ‘ABPSauUpPaj) /19 ‘ON ‘I8 '[OA /JI9)ISISay [eIapajg



Federal Register/Vol. 81, No. 61/Wednesday, March 30, 2016/Rules and Regulations

18283

Around Check, as described in the Table of
Objective Tests, are to demonstrate the
performance of the motion system hardware,
and to check the integrity of the motion set-
up with regard to calibration and wear. These
tests are independent of the motion cueing
software and should be considered robotic
tests.

* * * * *

d. Objective Motion Cueing Test—
Frequency Domain

(1) Background. This test quantifies the
response of the motion cueing system from
the output of the flight model to the motion
platform response. Other motion tests, such
as the motion system frequency response,
concentrate on the mechanical performance
of the motion system hardware alone. The
intent of this test is to provide quantitative
frequency response records of the entire
motion system for specified degree-of-
freedom transfer relationships over a range of
frequencies. This range should be
representative of the manual control range for
that particular aircraft type and the simulator
as set up during qualification. The
measurements of this test should include the
combined influence of the motion cueing
algorithm, the motion platform dynamics,
and the transport delay associated with the
motion cueing and control system
implementation. Specified frequency
responses describing the ability of the FSTD
to reproduce aircraft translations and
rotations, as well as the cross-coupling
relations, are required as part of these
measurements. When simulating forward
aircraft acceleration, the simulator is
accelerated momentarily in the forward
direction to provide the onset cueing. This is
considered the direct transfer relation. The
simulator is simultaneously tilted nose-up
due to the low-pass filter in order to generate
a sustained specific force. The tilt associated
with the generation of the sustained specific
force, and the angular rates and angular
accelerations associated with the initiation of
the sustained specific force, are considered
cross-coupling relations. The specific force is
required for the perception of the aircraft

sustained specific force, while the angular
rates and accelerations do not occur in the
aircraft and should be minimized.

(2) Frequency response test. This test
requires the frequency response to be
measured for the motion cueing system.
Reference sinusoidal signals are inserted at
the pilot reference position prior to the
motion cueing computations. The response of
the motion platform in the corresponding
degree-of-freedom (the direct transfer
relations), as well as the motions resulting
from cross-coupling (the cross-coupling
relations), are recorded. These are the tests
that are important to pilot motion cueing and
are general tests applicable to all types of
airplanes.

(3) This test is only required to be run once
for the initial qualification of the FSTD and
will not be required for continuing
qualification purposes. The FAA will accept
test results provided by the FSTD
manufacturer as part of a Statement of
Compliance confirming that the objective
motion cueing tests were used to assist in the
tuning of the FSTD’s motion cueing
algorithms.

* * * * *

11. Validation Test Tolerances
* * * * *

* % *
a.

(1) If engineering simulator data or other
non-flight-test data are used as an allowable
form of reference validation data for the
objective tests listed in Table A2A of this
attachment, the data provider must supply a
well-documented mathematical model and
testing procedure that enables a replication of
the engineering simulation results within
40% of the corresponding flight test
tolerances.

b. * % %

* * * * *

(5) The tolerance limit between the
reference data and the flight simulator results
is generally 40 percent of the corresponding
‘flight-test’ tolerances. However, there may be
cases where the simulator models used are of
higher fidelity, or the manner in which they

are cascaded in the integrated testing loop
have the effect of a higher fidelity, than those
supplied by the data provider. Under these
circumstances, it is possible that an error
greater than 40 percent may be generated. An
error greater than 40 percent may be
acceptable if simulator sponsor can provide
an adequate explanation.

* * * * *

12. Validation Data Roadmap

a. Airplane manufacturers or other data
suppliers should supply a validation data
roadmap (VDR) document as part of the data
package. A VDR document contains guidance
material from the airplane validation data
supplier recommending the best possible
sources of data to be used as validation data
in the QTG. A VDR is of special value when
requesting interim qualification, qualification
of simulators for airplanes certificated prior
to 1992, and qualification of alternate engine
or avionics fits. A sponsor seeking to have a
device qualified in accordance with the
standards contained in this QPS appendix
should submit a VDR to the NSPM as early
as possible in the planning stages. The NSPM
is the final authority to approve the data to
be used as validation material for the QTG.

* * * * *

m 9. Amend Attachment 3 to Appendix
A by revising:
m A. Table A3A;
m B. Table A3B;
m C. Table A3D; and
m D. Table A3F;
The revisions read as follows:
Appendix A to Part 60—Qualification

Performance Standards for Airplane
Full Flight Simulators

* * * * *

Attachment 3 to Appendix A to Part 60—
SIMULATOR SUBJECTIVE EVALUATION

* * * * *
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Tasks in this table are subject to evaluation if appropriate for the airplane simulated as
indicated in the SOQ Configuration List or the level of simulator qualification involved.
Items not installed or not functional on the simulator and, therefore, not appearing on the
SOQ Configuration List, are not required to be listed as exceptions on the SOQ.

1. Preparation For Flight
1.a. Pre-flight. Accomplish a functions check of all switches, indicators, systems, and
equipment at all crew members’ and instructors’ stations and determine that:
l.a.1 The flight deck design and functions are identical to that of the X[ X | X | X
airplane being simulated.
l.a.2 Reserved
1.a.3 Reserved
2. Surface Operations (pre-flight).

2.a. Engine Start
2.a.1. Normal start X | X |1 X | X
2.a.2. Alternate start procedures X | X | X | X
2.a.3. Abnormal starts and shutdowns (e.g., hot/hung start, tail pipe X | X | X | X

fire)

2.b. Taxi
2.b.1 Pushback/powerback X[ X | X
2.b.2. Thrust response X | X | X | X
2.b.3. Power lever friction X | X | X | X
2.b4. Ground handling X | X1 X | X
2.b.5. Nosewheel scuffing X | X
2.b.6. Taxi aids (e.g. taxi camera, moving map) X | X
2.b.7. Low visibility (taxi route, signage, lighting, markings, etc.) X | X

2.c. Brake Operation
2.c.1. Brake operation (normal and alternate/emergency) X | X | X | X
2.¢c.2. Brake fade (if applicable) X | X | X | X

2d Other

. Take-off.

d.a. Normal
3.a.1. Airplane/engine parameter relationships, including run-up X | X | X | X
3.a.2. Nosewheel and rudder steering X | X | X | X
3.a.3.a Crosswind (maximum demonstrated) X[ X | X | X
3.a.3.b Gusting crosswind X | X
3.a4. Special performance
3.a4.a Reduced V, X1 X[ X X
3.a.4.b Maximum engine de-rate X | X | X | X
3.a.4.c Soft surface X | X
3.a.4.d Short field/short take-off and landing (STOL) operations X | XX | X
3.a.4.e Obstacle (performance over visual obstacle) X | X
3.a.5. Low visibility take-off X | X | X | X
3.a.6. Landing gear, wing flap leading edge device operation X | X | X | X
3.a.7. Contaminated runway operation X | X
3.a.8. Other

3.b. Abnormal/emergency
3.b.1. Rejected Take-off X | X |1 X | X
3.b.2. Rejected special performance (e.g., reduced V,, max de-rate, X | X | X | X

short field operations)
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3.b.3. Rejected take-off with contaminated runway X | X
3.b.4. Takeoff with a propulsion system malfunction (allowing an X | X | X | X
analysis of causes, symptoms, recognition, and the effects on
aircraft performance and handling) at the following points:
(i) Prior to V1 decision speed;
(i) Between V1 and Vr (rotation speed); and
(iii)Between Vr and 500 feet above ground level.
3.b.5. Flight control system failures, reconfiguration modes, manual X | X | X | X
reversion and associated handling.
3.b.6. Other
. Climb.
4.a. Normal. X | X | X| X
4.b. One or more engines inoperative. X | X |X| X
4.c. Approach climb in icing (for airplanes with icing X | X |X| X
accountability).
4.d. Other
. Cruise.
S.a. Performance characteristics (speed vs. power, configuration, and attitude)
5.a.1. Straight and level flight. X | X | X | X
5.a.2. Change of airspeed. X | X | X | X
5.a.3. High altitude handling. X | X | X [ X
5.a.4. High Mach number handling (Mach tuck, Mach buffet) and X | X | X | X
recovery (trim change).
5.a.5. Overspeed warning (in excess of V,,, or My,,). X X X X
5.a.6. High IAS handling. X | X | X | X
5.a.7. Other
5.b. Maneuvers
5.b.1. High Angle of Attack
5.b.1.a High angle of attack, approach to stalls, stall warning, and stall X | X
buffet (take-off, cruise, approach, and landing configuration)
including reaction of the autoflight system and stall protection
system.
5.b.1.b High angle of attack, approach to stalls, stall warning, stall X | X
buffet, and stall (take-off, cruise, approach, and landing
configuration) including reaction of the autoflight system and
stall protection system.
5.b.2. Slow flight X | X
5.b.3. Upset prevention and recovery maneuvers within the FSTD’s X | X
validation envelope.
5.b.4. Flight envelope protection (high angle of attack, bank limit, X | X | X | X
overspeed, etc.)
5.b.5. Turns with/without speedbrake/spoilers deployed X X | X [ X
5.b.6. Normal and standard rate turns X |1 X1 X [ X
5.b.7. Steep turns X | X | X | X
5.b.8. Performance turn X | X
5.b.9. In flight engine shutdown and restart (assisted and windmill) X | X | X | X
5.b.10. Maneuvering with one or more engines inoperative, as X | X | X | X
appropriate
5.b.11. Specific flight characteristics (e.g. direct lift control) X X | X[ X
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5.b.12. Flight control system failures, reconfiguration modes, manual X | X | X | X
reversion and associated handling
5.b.13 Gliding to a forced landing X | X
5.b.14 Visual resolution and FSTD handling and performance for the following (where
applicable by aircraft type and training program):
5.b.14.a Terrain accuracy for forced landing area selection; X | X
5.b.14.b Terrain accuracy for VFR Navigation; X | X
5.b.14.c Eights on pylons (visual resolution); X | X
5.b.14.d Turns about a point; and X | X
5.b.14.e S-turns about a road or section line. X | X
5.b.15 Other.
6. Descent.
6.a. Normal X | X | X | X
6.b. Maximum rate/emergency (clean and with speedbrake, etc.). X | X ]| X | X
6.c. With autopilot. X X | X [ X
6.d. Flight control system failures, reconfiguration modes, manual X | X | X | X
reversion and associated handling.
6.e. Other
7. Instrument Approaches And Landing.

Those instrument approach and landing tests relevant to the simulated airplane type are
selected from the following list. Some tests are made with limiting wind velocities,
under windshear conditions, and with relevant system failures, including the failure of
the Flight Director. If Standard Operating Procedures allow use autopilot for non-
precision approaches, evaluation of the autopilot will be included. Level A simulators
are not authorized to credit the landing maneuver.

7.a. Precision approach

7.a.1 CAT I published approaches.

7.a.1l.a Manual approach with/without flight director including X | X | X | X
landing.

7.a.1.b Autopilot/autothrottle coupled approach and manual X | X | X | X
landing.

7.a.l.c Autopilot/autothrottle coupled approach, engine(s) X | X | X | X
inoperative.

7.a.1.d Manual approach, engine(s) inoperative. X | X | X [ X

7.a.l.e HUD/EFVS X | X

7.a.2 CAT Il published approaches.

7.a.2.a Autopilot/autothrottle coupled approach to DH and landing | X | X | X | X
(manual and autoland).

7.a.2.b Autopilot/autothrottle coupled approach with one-engine- X | X | X | X
inoperative approach to DH and go-around (manual and
autopilot).

7.a.2.c HUD/EFVS X | X

7.a.3 CAT III published approaches.

7.a.3.a Autopilot/autothrottle coupled approach to landingandroll- | X | X | X | X
out (if applicable) guidance (manual and autoland).

7.a.3.b Autopilot/autothrottle coupled approach to DH and go- X | X | X | X
around (manual and autopilot).

7.a.3.c Autopilot/autothrottle coupled approach to land and roll-out | X | X [ X | X
(if applicable) guidance with one engine inoperative
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(manual and autoland).
7.a.3.d Autopilot/autothrottle coupled approach to DH and go- X | X | X | X
around with one engine inoperative (manual and autopilot).
7.a.3.e HUD/EFVS X | X
7.a.4 Autopilot/autothrottle coupled approach (to a landing or to a go-
around):
7.a.4.a With generator failure; X | X | X | X
7.a.4.b.1 With maximum tail wind component certified or X | X
authorized;
7.a.4.b.2 With 10 knot tail wind; X | X
7.a.4.c.1 With maximum crosswind component demonstrated or X [ X
authorized; and
7.a.4.c.2 With 10 knot crosswind. X | X
7.a.5 PAR approach, all engine(s) operating and with one or more X | X | X | X
engine(s) inoperative
7.a2.6 MLS, GBAS, all engine(s) operating and with one or more X | X | X | X
engine(s) inoperative
7.b. Non-precision approach.
7.b.1 Surveillance radar approach, all engine(s) operating and with X | X | X | X
one or more engine(s) inoperative
7.b.2 NDB approach, all engine(s) operating and with one or more X | X | X | X
engine(s) inoperative
7.b.3 VOR, VOR/DME, TACAN approach, all engines(s) operating X | X | X | X
and with one or more engine(s) inoperative
7.b.4 RNAYV / RNP / GNSS (RNP at nominal and minimum X | X | X | X
authorized temperatures) approach, all engine(s) operating and
with one or more engine(s) inoperative
7.b.5 ILS LLZ (LOC), LLZ back course (or LOC-BC) approach, all X | X | X | X
engine(s) operating and with one or more engine(s) inoperative
7.b.6 ILS offset localizer approach, all engine(s) operating and with X | X | X | X
one or more engine(s) inoperative
T.c Approach procedures with vertical guidance (APV), e.g.
SBAS, flight path vector
7.c.1 APV/baro-VNAYV approach, all engine(s) operating and with X | X
one or more engine(s) inoperative
7.¢.2 Area navigation (RNAV) approach procedures based on SBAS, X | X
all engine(s) operating and with one or more engine(s)
inoperative

Visual Approaches (Visual Segment) And Landings.

Flight simulators with visual systems, which permit completing a special approach
procedure in accordance with applicable regulations, may be approved for that particular
approach procedure.

8.a. Maneuvering, normal approach and landing, all engines X | X | X | X
operating with and without visual approach aid guidance

8.b. Approach and landing with one or more engines inoperative X | X[ X [ X

8.c. Operation of landing gear, flap/slats and speedbrakes (normal X | X | X | X
and abnormal)

8.d.1 Approach and landing with crosswind (max. demonstrated) X 1 X[ X | X
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8.d.2 Approach and landing with gusting crosswind X | X
8.e. Approach and landing with flight control system failures, X | X | X | X

reconfiguration modes, manual reversion and associated
handling (most significant degradation which is probable)
8.e.1. Approach and landing with trim malfunctions X | X | X [ X
8.e.1.a Longitudinal trim malfunction X | X | X [ X
8.e.1.b Lateral-directional trim malfunction X | X[ X | X
8.1f. Approach and landing with standby (minimum) X | X | X | X
electrical’hydraulic power
8.g. Approach and landing from circling conditions (circling X | X[ X | X
approach)
8.h. Approach and landing from visual traffic pattern X [ X | X [ X
8.i. Approach and landing from non-precision approach X | X | X [ X
8.j. Approach and landing from precision approach X | X | X | X
8.k. Other
9. Missed Approach.
9.a. All engines, manual and autopilot. X 1 XX [ X
9.b. Engine(s) inoperative, manual and autopilot. X | X | X [ X
9.c. Rejected landing X | X
9.d. With flight control system failures, reconfiguration modes, X | X | X | X
manual reversion and associated handling
9.e. Bounced landing recovery X | X
10. Surface Operations (landing, after-landing and post-flight).
10.a Landing roll and taxi
10.a.1 HUD/EFVS X | X
10.a.2. Spoiler operation X | X | X [ X
10.a.3. Reverse thrust operation X | X | X [ X
10.a.4. Directional control and ground handling, both with and without X | X |X
reverse thrust
10.a.5. Reduction of rudder effectiveness with increased reverse thrust X | X | X
(rear pod-mounted engines)
10.a.6. Brake and anti-skid operation
10.a.6.a | Brake and anti-skid operation with dry, patchy wet, wet on X | X
rubber residue, and patchy icy conditions
10.a.6.b | Reserved
10.a.6.c Brake operation X | X
10.a.6.d | Auto-braking system operation X | X | X [ X
10.a.7 Other
10.b Engine shutdown and parking
10.b.1 Engine and systems operation X | X[ X | X
10.b.2 Parking brake operation X 1 XX [ X
10.b.3 Other
11. Any Flight Phase.
11.a. Airplane and engine systems operation (where fitted)
11.a.1. Air conditioning and pressurization (ECS) X | X | X | X
11.a.2. De-icing/anti-icing X | X | X [ X
11.a.3. Auxiliary power unit (APU). X | X | X | X
11.a.4. Communications X | X | X [ X
11.a.5. Electrical X [ X[ X | X
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11.a.6. Fire and smoke detection and suppression X | X | X | X
11.a.7. Flight controls (primary and secondary) X X | X [ X
11.a.8. Fuel and oil X | X | X | X
11.a.9. Hydraulic X | X | X | X
11.a.10. Pneumatic X | X | X | X
11.a.11. Landing gear X X | X [ X
11.a.12. Oxygen X |1 X1 X | X
11.a.13. Engine X | X | X | X
11.a.14. Airborne radar X | X | X | X
11.a.15. Autopilot and Flight Director X | X | X [ X
11.a.16. Terrain awareness warning systems and collision avoidance X | X | X | X
systems (e.g. EGPWS, GPWS, TCAS)
11.a.17. Flight control computers including stability and control X | X | X | X
augmentation
11.a.18. Flight display systems X X | X [ X
11.a.19. Flight management computers X | X | X [ X
11.a.20. Head-up displays (including EFVS, if appropriate) X | X | X | X
11.a.21. Navigation systems X | X | X | X
11.a.22. Stall warning/avoidance X X | X | X
11.a.23. Wind shear avoidance/recovery guidance equipment X X | X [ X
11.a.24. Flight envelope protections X | X | X | X
11.a.25. Electronic flight bag X | X
11.a.26. Automatic checklists (normal, abnormal and emergency X | X
procedures)
11.a.27. Runway alerting and advisory system X | X
11.a.28. Other
11.b. Airborne procedures
11.b.1. Holding X | X | X | X
11.b.2. Air hazard avoidance (traffic, weather, including visual X X
correlation)
11.b.3. Windshear
11.b.3.a Prior to take-off rotation X | X
11.b.3.b At lift-off X | X
11.b.3.c During initial climb X | X
11.b.3.d On final approach, below 150 m (500 ft) AGL X | X
11.b.4. Effects of airframe ice X | X
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simulators.

This table specifies the minimum airport model content and functionality to qualify a simulator at the
indicated level. This table applies only to the airport models required for simulator qualification; i.e., one
airport model for Level A and Level B simulators; three airport models for Level C and Level D

Begin QPS Requirements

Functional test content requirements for Level A and Level B simulators.

The following is the minimum airport model content requirement to satisfy visual
capability tests, and provides suitable visual cues to allow completion of all functions and
subjective tests described in this attachment for simulators at Levels A and B.

1.a.

A minimum of one (1) representative airport model. This model X | X
identification must be acceptable to the sponsor’s TPAA,
selectable from the 10S, and listed on the SOQ.

1.b.

The fidelity of the airport model must be sufficient for the aircrew | X | X
to visually identify the airport; determine the position of the
simulated airplane within a night visual scene; successfully
accomplish take-offs, approaches, and landings; and maneuver
around the airport on the ground as necessary.

1.c.

Runways:

1.c.1.

Visible runway number.

1.c.2.

eliallsl
eliallsl

Runway threshold elevations and locations must be modeled to
provide sufficient correlation with airplane systems (e.g.,
altimeter).

1.c.3.

Runway surface and markings.

1.c4.

Lighting for the runway in use including runway edge and
centerline.

1.c.5.

Lighting, visual approach aid and approach lighting of
appropriate colors.

1.c.6.

o A A
o A A

Representative taxiway lights.

2.a.

Additional functional test content requirements

2.a.1

Airport scenes

2.a.1.a

A minimum of three (3) real-world airport models to be X | X
consistent with published data used for airplane operations and
capable of demonstrating all the visual system features below.
Each model should be in a different visual scene to permit
assessment of FSTD automatic visual scene changes. The model
identifications must be acceptable to the sponsor’s TPAA,
selectable from the 10S, and listed on the SOQ.

2.a.1.b

Reserved

2.a.1.c

Reserved

2.a.1.d

Airport model content. X1 X |1 X |X
For circling approaches, all tests apply to the runway used for the
initial approach and to the runway of intended landing. If all
runways in an airport model used to meet the requirements of this
attachment are not designated as “in use,” then the “in use”
runways must be listed on the SOQ (e.g., KORD, Rwys 9R, 14L,
22R). Models of airports with more than one runway must have
all significant runways not “in-use” visually depicted for airport
and runway recognition purposes. The use of white or off white
light strings that identify the runway threshold, edges, and ends
for twilight and night scenes are acceptable for this requirement.
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Rectangular surface depictions are acceptable for daylight scenes.
A visual system’s capabilities must be balanced between
providing airport models with an accurate representation of the
airport and a realistic representation of the surrounding
environment. Airport model detail must be developed using
airport pictures, construction drawings and maps, or other similar
data, or developed in accordance with published regulatory
material; however, this does not require that such models contain
details that are beyond the design capability of the currently
qualified visual system. Only one “primary” taxi route from
parking to the runway end will be required for each “in-use”
runway.
2.a.2 Visual scene fidelity.
2.a.2.a The visual scene must correctly represent the parts of the airport X[ X | X | X
and its surroundings used in the training program.
2.a.2.b Reserved
2.a.2.¢c Reserved
2.a.3 Runways and taxiways.
2.a.3.a Airport specific runways and taxiways. X | X |1 X | X
2.a.3.b Reserved
2.a3.c Reserved
2.a4 If appropriate to the airport, two parallel runways and one X | X
crossing runway displayed simultaneously; at least two runways
must be capable of being lit simultaneously.
2.a.5 Runway threshold elevations and locations must be modeled to X | X
provide correlation with airplane systems (e.g. HUD, GPS,
compass, altimeter).
2.a.6 Slopes in runways, taxiways, and ramp areas must not cause X | X
distracting or unrealistic effects, including pilot eye-point height
variation.
2.a.7 Runway surface and markings for each “in-use” runway must include the following,
if appropriate:
2.a.7.a Threshold markings. X | XXX
2.a.7.b Runway numbers. X [ X[ X[ X
2.a.7.c Touchdown zone markings. X | X | X | X
2.a.7.d Fixed distance markings. X | XXX
2.a.7.¢ Edge markings. X[ X | X | X
2.a.7.f Center line markings. X | X | X | X
2.a.7.g Distance remaining signs. X[ X | X | X
2.a.7.h Signs at intersecting runways and taxiways. X[ X | X | X
2.a.7. Windsock that gives appropriate wind cues. X [ X
2.a.8 Runway lighting of appropriate colors, directionality, behavior and spacing for the
“in-use” runway including the following:
2.a.8.a Threshold lights. X[ X | X | X
2.a.8.b Edge lights. X[ X | X | X
2.a.8.¢ End lights. X | XXX
2.a.8.d Center line lights. X[ X | X | X
2.a.8.¢ Touchdown zone lights. X[ X | X | X
2.a.8.f Lead-off lights. X | X[ X | X
2.a.8.g Appropriate visual landing aid(s) for that runway. X | XXX
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2.2.8.h Appropriate approach lighting system for that runway. X[ X[ X[ X
2.2.9 Taxiway surface and markings (associated with each “in-use” runway):
2.2.9.a Edge markings X | X | X | X
2.2.9.b Center line markings. X | X | X | X
2.2.9.c Runway holding position markings. X | X | X | X
2.2.9.d ILS critical area markings. X | X[ X | X
2.2.9.e All taxiway markings, lighting, and signage to taxi, as a X
minimum, from a designated parking position to a designated
runway and return, after landing on the designated runway, to a
designated parking position; a low visibility taxi route (e.g.
surface movement guidance control system, follow-me truck,
daylight taxi lights) must also be demonstrated at one airport
model for those operations authorized in low visibilities. The
designated runway and taxi routing must be consistent with that
airport for operations in low visibilities.
The qualification of surface movement guidance control systems
(SMGCS) is optional at the request of the FSTD sponsor. For the
qualification of SMGCS, a demonstration model must be
provided for evaluation.
2.a.10 Taxiway lighting of appropriate colors, directionality, behavior and spacing
(associated with each “in-use” runway):
2.a.10.a | Edge lights. X | X | X | X
2.2.10.b | Center line lights. X | X | X | X
2.a.10.c | Runway holding position and ILS critical area lights. X | X | X | X
2.a.11 Required visual model correlation with other aspects of the airport environment
simulation.
2.a.11.a | The airport model must be properly aligned with the navigational | X | X | X | X
aids that are associated with operations at the runway “in-use”.
2.a.11.b | The simulation of runway contaminants must be correlated with X
the displayed runway surface and lighting.
2.a.12 Airport buildings, structures and lighting.
2.a.12.a | Buildings, structures and lighting:
2.a.12.a.1 | Airport specific buildings, structures and lighting. X | X
2.a.12.a.2 | Reserved
2.a.12.a.3 | Reserved
2.a.12.b | At least one useable gate, set at the appropriate height (required X | X
only for those airplanes that typically operate from terminal
gates).
2.a.12.c Representative moving and static airport clutter (e.g. other X | X
airplanes, power carts, tugs, fuel trucks, additional gates).
2.a.12.d | Gate/apron markings (e.g. hazard markings, lead-in lines, gate X | X
numbering), lighting and gate docking aids or a marshaller.
2.2.13 Terrain and obstacles.
2.a.13.a | Terrain and obstacles within 46 km (25 NM) of the reference X | X
airport.
2.a.13.b | Reserved
2.a.14 Significant, identifiable natural and cultural features and moving airborne traffic.
2.a.14.a | Significant, identifiable natural and cultural features within 46 km X | X
(25 NM) of the reference airport.
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Note.— This refers to natural and cultural features that are
typically used for pilot orientation in flight. Outlying airports not
intended for landing need only provide a reasonable facsimile of
runway orientation.

2.a.14.b

Reserved

2.a.14.c

Representative moving airborne traffic (including the capability
to present air hazards — e.g. airborne traffic on a possible collision
course).

2.b

Visual scene management.

2.b.1

All airport runway, approach and taxiway lighting and cultural
lighting intensity for any approach must be capable of being set to
six (6) different intensities (0 to 5); all visual scene light points
should fade into view appropriately.

2.b.2

Airport runway, approach and taxiway lighting and cultural

lighting intensity for any approach must be set at an intensity
representative of that used in training for the visibility set; all
visual scene light points should fade into view appropriately.

2.b.3

The directionality of strobe lights, approach lights, runway edge
lights, visual landing aids, runway center line lights, threshold
lights, and touchdown zone lights on the runway of intended
landing must be realistically replicated.

Visual feature recognition.

Note.— The following are the minimum distances at which runway features should be
visible. Distances are measured from runway threshold to an airplane aligned with the

runway on an extended 3-degree glide slope in suitable simulated meteorological

conditions. For circling approaches, all tests below apply both to the runway used for the

initial approach and to the runway of intended landing.

2.c1

Runway definition, strobe lights, approach lights, and runway
edge white lights from 8 km (5 sm) of the runway threshold.

X

X

X

X

2.c.2

Visual approach aids lights.

2.c.2.a

Visual approach aids lights from 8 km (5 sm) of the runway
threshold.

2.c.2.b

Visual approach aids lights from 4.8 km (3 sm) of the runway
threshold.

2.¢c3

Runway center line lights and taxiway definition from 4.8 km
(3 sm).

s K

2.c4

Threshold lights and touchdown zone lights from 3.2 km (2 sm).

2.¢c.5

Runway markings within range of landing lights for night scenes;
as required by the surface resolution test on day scenes.

ol T I

e

e

(A

2.c.6

For circling approaches, the runway of intended landing and
associated lighting must fade into view in a non-distracting
manner.

o

2.d

Selectable airport visual scene capability for:

2.d.1

Night.

2.d.2

Twilight.

2.d.3

Day.

2.d4

Dynamic effects — the capability to present multiple ground and
air hazards such as another airplane crossing the active runway or
converging airborne traffic; hazards should be selectable via
controls at the instructor station.

e | A

e[| |
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2.d.5

[llusions — operational visual scenes which portray
representative physical relationships known to cause landing
illusions, for example short runways, landing approaches over
water, uphill or downhill runways, rising terrain on the approach
path and unique topographic features.

Note.— Illusions may be demonstrated at a generic airport or at
a specific airport.

2.e

Correlation with airplane and associated equipment.

2.e.1

Visual cues to relate to actual airplane responses.

2.e.2

Visual cues during take-off, approach and landing.

2.e.2.a

Visual cues to assess sink rate and depth perception during
landings.

2.e.2.b

Visual cueing sufficient to support changes in approach path by
using runway perspective. Changes in visual cues during take-off,
approach and landing should not distract the pilot.

2.e3

Accurate portrayal of environment relating to airplane attitudes.

2.e4

The visual scene must correlate with integrated airplane systems,
where fitted (e.g. terrain, traffic and weather avoidance systems
and HUD/EFVS).

il

il

2.e.5

The effect of rain removal devices must be provided.

2.f

Scene quality.

2.1.1

Quantization.

2.f.1.a

Surfaces and textural cues must be free from apparent
quantization (aliasing).

2.f.1.b

Surfaces and textural cues must not create distracting
quantization (aliasing).

2.2

System capable of portraying full color realistic textural cues.

2.3

The system light points must be free from distracting jitter,
smearing or streaking.

| A

| A

2.4

System capable of providing representative focus effects that
simulate rain (e.g. reduced visibility and object resolution in the
out the window view as a result of rain).

2.£5

System capable of providing light point perspective growth (e.g.
relative size of runway and taxiway edge lights increase as the
lights are approached).

Environmental effects.

The displayed scene must correspond to the appropriate surface
contaminants and include runway lighting reflections for wet,
partially obscured lights for snow, or suitable alternative effects.

Special weather representations which include the sound, motion
and visual effects of light, medium and heavy precipitation near a
thunderstorm on take-off, approach and landings at and below an
altitude of 600 m (2 000 ft) above the airport surface and within a
radius of 16 km (10 sm) from the airport.

2.3

One airport with a snow scene to include terrain snow and snow-
covered taxiways and runways.

In-cloud effects such as variable cloud density, speed cues and
ambient changes should be provided.

2.8.5

The effect of multiple cloud layers representing few, scattered,
broken and overcast conditions giving partial or complete
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obstruction of the ground scene.

2.8.6

Gradual break-out to ambient visibility/RVR, defined as up to
10% of the respective cloud base or top, 20 ft < transition layer <
200 ft; cloud effects should be checked at and below a height of
600 m (2 000 ft) above the airport and within a radius of 16 km
(10 sm) from the airport. Transition effects should be complete
when the IOS cloud base or top is reached when exiting and start
when entering the cloud, i.e. transition effects should occur
within the I0S defined cloud layer.

2.8.7

Visibility and RVR measured in terms of distance.
Visibility/RVR must be checked at and below a height of 600 m
(2 000 ft) above the airport and within a radius of 16 km (10 sm)
from the airport.

Patchy fog (sometimes referred to as patchy RVR) giving the
effect of variable RVR. The lowest RVR should be that selected
on the IOS, ie. variability is only greater than the IOS RVR.

2.2.9

Effects of fog on airport lighting such as halos and defocus.

2.2.10

Effect of ownship lighting in reduced visibility, such as reflected
glare, to include landing lights, strobes, and beacons.

| A

| A

2.g.11

Wind cues to provide the effect of blowing snow or sand across a
dry runway or taxiway should be selectable from the instructor
station.

End QPS Requirement

Begin Information

An example of being able to “combine two airport models to
achieve two “in-use” runways:

One runway designated as the “in use” runway in the first model
of the airport, and the second runway designated as the “in use”
runway in the second model of the same airport. For example,
the clearance is for the ILS approach to Runway 27, Circle to
Land on Runway 18 right. Two airport visual models might be
used: the first with Runway 27 designated as the “in use” runway
for the approach to runway 27, and the second with Runway 18
Right designated as the “in use” runway. When the pilot breaks
off the ILS approach to runway 27, the instructor may change to
the second airport visual model in which runway 18 Right is
designated as the “in use” runway, and the pilot would make a
visual approach and landing. This process is acceptable to the
FAA as long as the temporary interruption due to the visual
model change is not distracting to the pilot, does not cause
changes in navigational radio frequencies, and does not cause
undue instructor/evaluator time.

Sponsors are not required to provide every detail of a runway, but
the detail that is provided should be correct within the capabilities
of the system.

End Information




This table specifies motion effects that are required to indicate when a flight crewmember must be able to recognize an event
or situation. Where applicable, flight simulator pitch, side loading and directional control characteristics must be
representative of the airplane.

1. Taxiing effects such as lateral, longitudinal, and directional X | X
cues resulting from steering and braking inputs. Runway
contamination with associated anti-skid and taxiway
characteristics.
2. Runway rumble, oleo deflection, ground speed, uneven X | X [ Different gross weights can
runway, runway/taxiway centerline light characteristics: also be selected, which may
also affect the associated
Procedure: After the airplane has been pre-set to the takeoff vibrations depending on
position and then released, taxi at various speeds with a smooth airplane type. The associated
runway and note the general characteristics of the simulated motion effects for the above
runway rumble effects of oleo deflections. Repeat the maneuver tests should also include an
with a runway roughness of 50%, then with maximum assessment of the effects of
roughness. Note the associated motion vibrations affected by rolling over centerline lights,
ground speed and runway roughness. surface discontinuities of
uneven runways, and various
taxiway characteristics.
3. Buffets on the ground due to spoiler/speedbrake extension X | X
and reverse thrust:
Procedure: Perform a normal landing and use ground spoilers
and reverse thrust — either individually or in combination — to
decelerate the simulated airplane. Do not use wheel braking so
that only the buffet due to the ground spoilers and thrust
reversers is felt.
4. Bumps associated with the landing gear: X | X

Procedure: Perform a normal take-off paying special attention
to the bumps that could be perceptible due to maximum oleo

96281

suorie[nday pue SOy /910Z ‘0 YOIB]N ‘ABPSauUpPaj) /19 ‘ON ‘I8 '[OA /JI9)ISISay [eIapajg



extension after lift-off. When the landing gear is extended or
retracted, motion bumps can be felt when the gear locks into
position.

Buffet during extension and retraction of landing gear:

Procedure: Operate the landing gear. Check that the motion
cues of the buffet experienced represent the actual airplane.

Buffet in the air due to flap and spoiler/speedbrake
extension:

Procedure: Perform an approach and extend the flaps and slats
with airspeeds deliberately in excess of the normal approach
speeds. In cruise configuration, verify the buffets associated
with the spoiler/speedbrake extension. The above effects can
also be verified with different combinations of
spoiler/speedbrake, flap, and landing gear settings to assess the
interaction effects.

Buffet due to atmospheric disturbances (e.g. buffet due to
turbulence, windshear, proximity to thunderstorms, gusting
winds, etc.).

Approach to stall buffet and stall buffet (where applicable):

Procedure: Conduct an approach-to-stall with engines at idle
and a deceleration of 1 knot/second. Check that the motion cues
of the buffet, including the level of buffet increase with
decreasing speed, are representative of the actual airplane.

For FSTDs qualified for full
stall training tasks, modeling
that accounts for any increase
in buffet amplitude from initial
buffet threshold of perception
to critical angle of attack or
deterrent buffet as a function
of angle of attack. The stall
buffet modeling should
include effects of Nz, as well
as Nx and Ny if relevant.
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Touchdown cues for main and nose gear:

Procedure: Conduct several normal approaches with various
rates of descent. Check that the motion cues for the touchdown
bumps for each descent rate are representative of the actual
airplane.

10.

Nosewheel scuffing:

Procedure: Taxi at various ground speeds and manipulate the
nosewheel steering to cause yaw rates to develop that cause the
nosewheel to vibrate against the ground (“scuffing”). Evaluate
the speed/nosewheel combination needed to produce scuffing
and check that the resultant vibrations are representative of the
actual airplane.

11.

Thrust effect with brakes set:

Procedure: Set the brakes on at the take-off point and increase
the engine power until buffet is experienced. Evaluate its
characteristics. Confirm that the buffet increases appropriately
with increasing engine thrust.

This effect is most discernible
with wing-mounted engines.

12.

Mach and maneuver buffet:

Procedure: With the simulated airplane trimmed in 1 g flight
while at high altitude, increase the engine power so that the
Mach number exceeds the documented value at which Mach
buffet is experienced. Check that the buffet begins at the same
Mach number as it does in the airplane (for the same
configuration) and that buffet levels are representative of the
actual airplane. For certain airplanes, maneuver buffet can also
be verified for the same effects. Maneuver buffet can occur
during turning flight at conditions greater than 1 g, particularly
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at higher altitudes.

13. Tire failure dynamics: The pilot may notice some
yawing with a multiple tire
Procedure: Simulate a single tire failure and a multiple tire failure selected on the same
failure. side. This should require the
use of the rudder to maintain
control of the airplane.
Dependent on airplane type, a
single tire failure may not be
noticed by the pilot and should
not have any special motion
effect. Sound or vibration may
be associated with the actual
tire losing pressure.
14. Engine failures, malfunction, engine, and airframe
structural damage:
Procedure: The characteristics of an engine malfunction as
stipulated in the malfunction definition document for the
particular flight simulator must describe the special motion
effects felt by the pilot. Note the associated engine instruments
varying according to the nature of the malfunction and note the
replication of the effects of the airframe vibration.
15. Tail strikes, engine pod/propeller, wing strikes: The motion effect should be

Procedure: Tail-strikes can be checked by over-rotation of the
airplane at a speed below V; while performing a takeoff. The
effects can also be verified during a landing.

Excessive banking of the airplane during its take-off/landing roll
can cause a pod strike.

felt as a noticeable bump. If
the tail strike affects the
airplane angular rates, the
cueing provided by the motion
system should have an
associated effect.
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This table specifies the minimum special effects necessary for the specified simulator level.

1.

Braking Dynamics:

Representations of the dynamics of brake failure (flight simulator
pitch, side-loading, and directional control characteristics
representative of the airplane), including antiskid and decreased
brake efficiency due to high brake temperatures (based on airplane
related data), sufficient to enable pilot identification of the problem
and implementation of appropriate procedures.

X

Effects of Airframe and Engine Icing:
Required only for those airplanes authorized for operations in
known icing conditions.

Procedure: With the simulator airborne, autopilot on and auto-
throttles off, engine and airfoil anti-ice/de-ice systems deactivated;
activate icing conditions at a rate that allows monitoring of simulator
and systems response. Icing recognition will typically include
airspeed decay, change in simulator pitch attitude, change in engine
performance indications (other than due to airspeed changes), and
change in data from pitot/static system. Activate heating, anti-ice, or
de-ice systems independently. Recognition will include proper
effects of these systems, eventually returning the simulated airplane

to normal flight. See Table A1A, section 2.j. and Attachment 7 for
additional requirements.

Appendix A to Part 60—Qualification
Performance Standards for Airplane
Full Flight Simulators—[Amended]

m 10. Amend Attachment 4 to Appendix
A by removing and reserving Figure
A4H.

m 11. Amend Attachment 6 to Appendix
A by adding the text for FSTD Directive
No. 2 in sequential order after FSTD
Directive No. 1 to read as follows:

Appendix A to Part 60—Qualification
Performance Standards for Airplane
Full Flight Simulators

* * * * *

Flight Simulation Training Device (FSTD)
Directive

FSTD Directive 2. Applicable to all
airplane Full Flight Simulators (FFS),
regardless of the original qualification basis
and qualification date (original or upgrade),
used to conduct full stall training, upset
recovery training, airborne icing training, and
other flight training tasks as described in this
Directive.

Agency: Federal Aviation Administration
(FAA), DOT.

Action: This is a retroactive requirement
for any FSTD being used to obtain training,
testing, or checking credit in an FAA
approved flight training program for the
specific training maneuvers as defined in this
Directive.

Summary: Notwithstanding the
authorization listed in paragraph 13b in
Appendix A of this Part, this FSTD Directive
requires that each FSTD sponsor conduct
additional subjective and objective testing,

conduct required modifications, and apply
for additional FSTD qualification under
§60.16 to support continued qualification of
the following flight training tasks where
training, testing, or checking credit is being
sought in a selected FSTD being used in an
FAA approved flight training program:

a. Recognition of and Recovery from a Full
Stall

b. Upset Prevention and Recovery

c. Engine and Airframe Icing

d. Takeoff and Landing with Gusting
Crosswinds

e. Recovery from a Bounced Landing

The FSTD sponsor may elect to apply for
additional qualification for any, all, or none
of the above defined training tasks for a
particular FSTD. After March 12, 2019, any
FSTD used to conduct the above training
tasks must be evaluated and issued
additional qualification by the National
Simulator Program Manager (NSPM) as
defined in this Directive.

Dates: FSTD Directive No. 2 becomes
effective on May 31, 2016.

For Further Information Contact: Larry
McDonald, Air Transportation Division/
National Simulator Program Branch, AFS—
205, Federal Aviation Administration, P.O.
Box 20636, Atlanta, GA 30320; telephone
(404) 474-5620; email larry.e.mcdonald@
faa.gov.

Specific Requirements

1. Part 60 requires that each FSTD be:

a. Sponsored by a person holding or
applying for an FAA operating certificate
under Part 119, Part 141, or Part 142, or
holding or applying for an FAA-approved
training program under Part 63, Appendix C,
for flight engineers, and

b. Evaluated and issued a Statement of
Qualification (SOQ) for a specific FSTD level.
2. The evaluation criteria contained in this
Directive is intended to address specific
training tasks that require additional
evaluation to ensure adequate FSTD fidelity.
3. The requirements described in this
Directive define additional qualification
criteria for specific training tasks that are
applicable only to those FSTDs that will be
utilized to obtain training, testing, or
checking credit in an FAA approved flight
training program. In order to obtain
additional qualification for the tasks
described in this Directive, FSTD sponsors
must request additional qualification in
accordance with § 60.16 and the
requirements of this Directive. FSTDs that are
found to meet the requirements of this
Directive will have their Statement of
Qualification (SOQ) amended to reflect the
additional training tasks that the FSTD has
been qualified to conduct. The additional
qualification requirements as defined in this
Directive are divided into the following
training tasks:
a. Section I—Additional Qualification
Requirements for Full Stall Training Tasks
b. Section [I—Additional Qualification
Requirements for Upset Prevention and
Recovery Training Tasks
c. Section III—Additional Qualification
Requirements for Engine and Airframe
Icing Training Tasks
d. Section IV—Additional Qualification
Requirements for Takeoff and Landing in
Gusting Crosswinds
e. Section V—Additional Qualification
Requirements for Bounced Landing
Recovery Training Tasks
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4. A copy of this Directive (along with all
required Statements of Compliance and
objective test results) must be filed in the
MQTG in the designated FSTD Directive
Section, and its inclusion must be annotated
on the Index of Effective FSTD Directives
chart. See Attachment 4, Appendix A for a
sample MQTG Index of Effective FSTD
Directives chart.

Section I—Evaluation Requirements for Full
Stall Training Tasks

1. This section applies to previously
qualified Level C and Level D FSTDs being
used to obtain credit for stall training
maneuvers beyond the first indication of a
stall (such as stall warning system activation,
stick shaker, etc.) in an FAA approved
training program.

2. The evaluation requirements in this
Directive are intended to validate FSTD
fidelity at angles of attack sufficient to
identify the stall, to demonstrate aircraft
performance degradation in the stall, and to
demonstrate recovery techniques from a fully
stalled flight condition.

3. After March 12, 2019, any FSTD being
used to obtain credit for full stall training
maneuvers in an FAA approved training
program must be evaluated and issued
additional qualification in accordance with
this Directive and the following sections of
Appendix A of this Part:

a. Table A1A, General Requirements, Section
2.m. (High Angle of Attack Modeling)

b. Table A1A, General Requirements, Section
3.f. (Stick Pusher System) [where
applicable]

. Table A2A, Objective Testing
Requirements, Test 2.a.10 (Stick Pusher
Force Calibration) [where applicable]

d. Table A2A, Objective Testing
Requirements, Test 2.c.8.a (Stall
Characteristics)

. Table A2A, Objective Testing
Requirements, Test 3.f.5 (Characteristic
Motion Vibrations—Stall Buffet) [See
paragraph 4 of this section for applicability
on previously qualified FSTDs]

Table A3A, Functions and Subjective
Testing Requirements, Test 5.b.1.b. (High
Angle of Attack Maneuvers)

g. Attachment 7, Additional Simulator
Qualification Requirements for Stall, Upset
Prevention and Recovery, and Engine and
Airframe Icing Training Tasks (High Angle
of Attack Model Evaluation)

4. For FSTDs initially qualified before May
31, 2016, including FSTDs that are initially
qualified under the grace period conditions
as defined in §60.15(c):

a. Objective testing for stall characteristics
(Table A2A, test 2.c.8.a.) will only be
required for the (wings level) second
segment climb and approach or landing
flight conditions. In lieu of objective
testing for the high altitude cruise and
turning flight stall conditions, these
maneuvers may be subjectively evaluated
by a qualified subject matter expert (SME)
pilot and addressed in the required
statement of compliance.

b. Where existing flight test validation data
in the FSTD’s Master Qualification Test
Guide (MQTG) is missing required
parameters or is otherwise unsuitable to

@]

o

-

fully meet the objective testing

requirements of this Directive, the FAA

may accept alternate sources of validation,
including subjective validation by an SME
pilot with direct experience in the stall
characteristics of the aircraft.

c. Objective testing for characteristic motion
vibrations (Stall buffet—Table A2A, test
3.£.5) is not required where the FSTD’s stall
buffets have been subjectively evaluated by
an SME pilot. For previously qualified
Level D FSTDs that currently have
objective stall buffet tests in their approved
MQTG, the results of these existing tests
must be provided to the FAA with the
updated stall and stall buffet models in
place.

d. As described in Attachment 7 of this
Appendix, the FAA may accept a statement
of compliance from the data provider
which confirms the stall characteristics
have been subjectively evaluated by an
SME pilot on an engineering simulator or
development simulator that is acceptable
to the FAA. Where this evaluation takes
place on an engineering or development
simulator, additional objective ‘‘proof-of-
match” testing for all flight conditions as
described in tests 2.c.8.a. and 3.f.5.will be
required to verify the implementation of
the stall model and stall buffets on the
training FSTD.

5. Where qualification is being sought to
conduct full stall training tasks in accordance
with this Directive, the FSTD Sponsor must
conduct the required evaluations and
modifications as prescribed in this Directive
and report compliance to the NSPM in
accordance with § 60.23 using the NSP’s
standardized FSTD Sponsor Notification
Form. At a minimum, this form must be
accompanied with the following information:
a. A description of any modifications to the

FSTD (in accordance with §60.23)

necessary to meet the requirements of this

Directive.

b. Statements of Compliance (High Angle of
Attack Modeling/Stick Pusher System)—
See Table A1A, Section 2.m., 3.f., and
Attachment 7

c. Statement of Compliance (SME Pilot
Evaluation)—See Table A1A, Section 2.m.
and Attachment 7

d. Copies of the required objective test results
as described above in sections 3.c., 3.d.,
and 3.e.

6. The NSPM will review each submission
to determine if the requirements of this
Directive have been met and respond to the
FSTD Sponsor as described in § 60.23(c).
Additional NSPM conducted FSTD
evaluations may be required before the
modified FSTD is placed into service. This
response, along with any noted restrictions,
will serve as interim qualification for full
stall training tasks until such time that a
permanent change is made to the Statement
of Qualification (SOQ) at the FSTD’s next
scheduled evaluation.

Section II—Evaluation Requirements for
Upset Prevention and Recovery Training
Tasks

1. This section applies to previously
qualified FSTDs being used to obtain
training, testing, or checking credits for upset

prevention and recovery training tasks
(UPRT) as defined in Appendix A, Table
A1A, Section 2.n. of this part. Additionally,
FSTDs being used for unusual attitude
training maneuvers that are intended to
exceed the parameters of an aircraft upset
must also be evaluated and qualified for
UPRT under this section. These parameters
include pitch attitudes greater than 25
degrees nose up; pitch attitudes greater than
10 degrees nose down, and bank angles
greater than 45 degrees.

2. The requirements contained in this
section are intended to define minimum
standards for evaluating an FSTD for use in
upset prevention and recovery training
maneuvers that may exceed an aircraft’s
normal flight envelope. These standards
include the evaluation of qualified training
maneuvers against the FSTD’s validation
envelope and providing the instructor with
minimum feedback tools for the purpose of
determining if a training maneuver is
conducted within FSTD validation limits and
the aircraft’s operating limits.

3. This Directive contains additional
subjective testing that exceeds the evaluation
requirements of previously qualified FSTDs.
Where aerodynamic modeling data or
validation data is not available or insufficient
to meet the requirements of this Directive,
the NSPM may limit additional qualification
to certain upset prevention and recovery
maneuvers where adequate data exists.

4. After March 12, 2019, any FSTD being
used to obtain training, testing, or checking
credit for upset prevention and recovery
training tasks in an FAA approved flight
training program must be evaluated and
issued additional qualification in accordance
with this Directive and the following sections
of Appendix A of this part:

a. Table A1A, General Requirements, Section
2.n. (Upset Prevention and Recovery)

b. Table A3A, Functions and Subjective
Testing, Test 5.b.3. (Upset Prevention and
Recovery Maneuvers)

c. Attachment 7, Additional Simulator
Qualification Requirements for Stall, Upset
Prevention and Recovery, and Engine and
Airframe Icing Training Tasks (Upset
Prevention and Recovery Training
Maneuver Evaluation)

5. Where qualification is being sought to
conduct upset prevention and recovery
training tasks in accordance with this
Directive, the FSTD Sponsor must conduct
the required evaluations and modifications as
prescribed in this Directive and report
compliance to the NSPM in accordance with
§60.23 using the NSP’s standardized FSTD
Sponsor Notification Form. At a minimum,
this form must be accompanied with the
following information:

a. A description of any modifications to the
FSTD (in accordance with §60.23)
necessary to meet the requirements of this
Directive.

b. Statement of Compliance (FSTD Validation
Envelope)—See Table A1A, Section 2.n.
and Attachment 7

c. A confirmation statement that the modified
FSTD has been subjectively evaluated by a
qualified pilot as described in
§60.16(a)(1)(iii).
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6. The NSPM will review each submission
to determine if the requirements of this
Directive have been met and respond to the
FSTD Sponsor as described in § 60.23(c).
Additional NSPM conducted FSTD
evaluations may be required before the
modified FSTD is placed into service. This
response, along with any noted restrictions,
will serve as an interim qualification for
upset prevention and recovery training tasks
until such time that a permanent change is
made to the Statement of Qualification (SOQ)
at the FSTD’s next scheduled evaluation.

Section III—Evaluation Requirements for
Engine and Airframe Icing Training Tasks

1. This section applies to previously
qualified Level C and Level D FSTDs being
used to obtain training, testing, or checking
credits in maneuvers that demonstrate the
effects of engine and airframe ice accretion.

2. The requirements in this section are
intended to supersede and improve upon
existing Level C and Level D FSTD
evaluation requirements on the effects of
engine and airframe icing. The requirements
define a minimum level of fidelity required
to adequately simulate the aircraft specific
aerodynamic characteristics of an in-flight
encounter with engine and airframe ice
accretion as necessary to accomplish training
objectives.

3. This Directive contains additional
subjective testing that exceeds the evaluation
requirements of previously qualified FSTDs.
Where aerodynamic modeling data is not
available or insufficient to meet the
requirements of this Directive, the NSPM
may limit qualified engine and airframe icing
maneuvers where sufficient aerodynamic
modeling data exists.

4. After March 12, 2019, any FSTD being
used to conduct training tasks that
demonstrate the effects of engine and
airframe icing must be evaluated and issued
additional qualification in accordance with
this Directive and the following sections of
Appendix A of this part:

a. Table A1A, General Requirements, Section
2.j. (Engine and Airframe Icing)

b. Attachment 7, Additional Simulator
Qualification Requirements for Stall, Upset
Prevention and Recovery, and Engine and
Airframe Icing Training Tasks (Engine and
Airframe Icing Evaluation; Paragraphs 1, 2,
and 3). Objective demonstration tests of
engine and airframe icing effects
(Attachment 2, Table A2A, test 2.1. of this
Appendix) are not required for previously
qualified FSTDs.

5. Where continued qualification is being
sought to conduct engine and airframe icing
training tasks in accordance with this
Directive, the FSTD Sponsor must conduct
the required evaluations and modifications as
prescribed in this Directive and report
compliance to the NSPM in accordance with
§60.23 using the NSP’s standardized FSTD
Sponsor Notification Form. At a minimum,
this form must be accompanied with the
following information:

a. A description of any modifications to the
FSTD (in accordance with §60.23)
necessary to meet the requirements of this
Directive;

b. Statement of Compliance (Ice Accretion
Model)—See Table A1A, Section 2.j., and
Attachment 7; and

c. A confirmation statement that the modified
FSTD has been subjectively evaluated by a
qualified pilot as described in
§60.16(a)(1)(iii).

6. The NSPM will review each submission
to determine if the requirements of this
Directive have been met and respond to the
FSTD Sponsor as described in § 60.23(c).
Additional NSPM conducted FSTD
evaluations may be required before the
modified FSTD is placed into service. This
response, along with any noted restrictions,
will serve as an interim update to the FSTD’s
Statement of Qualification (SOQ) until such
time that a permanent change is made to the
SOQ at the FSTD’s next scheduled
evaluation.

Section IV—Evaluation Requirements for
Takeoff and Landing in Gusting Crosswind

1. This section applies to previously
qualified FSTDs that will be used to obtain
training, testing, or checking credits in
takeoff and landing tasks in gusting
crosswinds as part of an FAA approved
training program. The requirements of this
Directive are applicable only to those Level
B and higher FSTDs that are qualified to
conduct takeoff and landing training tasks.

2. The requirements in this section
introduce new minimum simulator
requirements for gusting crosswinds during
takeoff and landing training tasks as well as
additional subjective testing that exceeds the
evaluation requirements of previously
qualified FSTDs.

3. After March 12, 2019, any FSTD that is
used to conduct gusting crosswind takeoff
and landing training tasks must be evaluated
and issued additional qualification in
accordance with this Directive and the
following sections of Appendix A of this
part:

a. Table A1A, General Requirements, Section

2.d.3. (Ground Handling Characteristics);
b. Table A3A, Functions and Subjective

Testing Requirements, test 3.a.3 (Takeoff,

Crosswind—Maximum Demonstrated and

Gusting Crosswind); and
c. Table A3A, Functions and Subjective

Testing Requirements, test 8.d. (Approach

and landing with crosswind—Maximum

Demonstrated and Gusting Crosswind).

4. Where qualification is being sought to
conduct gusting crosswind training tasks in
accordance with this Directive, the FSTD
Sponsor must conduct the required
evaluations and modifications as prescribed
in this Directive and report compliance to the
NSPM in accordance with §60.23 using the
NSP’s standardized FSTD Sponsor
Notification Form. At a minimum, this form
must be accompanied with the following
information:

a. A description of any modifications to the
FSTD (in accordance with §60.23)
necessary to meet the requirements of this
Directive.

b. Statement of Compliance (Gusting
Crosswind Profiles)—See Table A1A,
Section 2.d.3.

c. A confirmation statement that the modified
FSTD has been subjectively evaluated by a

qualified pilot as described in

§60.16(a)(1)(iii).

5. The NSPM will review each submission
to determine if the requirements of this
Directive have been met and respond to the
FSTD Sponsor as described in § 60.23(c).
Additional NSPM conducted FSTD
evaluations may be required before the
modified FSTD is placed into service. This
response, along with any noted restrictions,
will serve as an interim qualification for
gusting crosswind training tasks until such
time that a permanent change is made to the
Statement of Qualification (SOQ) at the
FSTD’s next scheduled evaluation.

Section V—Evaluation Requirements for
Bounced Landing Recovery Training Tasks

1. This section applies to previously
qualified FSTDs that will be used to obtain
training, testing, or checking credits in
bounced landing recovery as part of an FAA
approved training program. The requirements
of this Directive are applicable only to those
Level B and higher FSTDs that are qualified
to conduct takeoff and landing training tasks.

2. The evaluation requirements in this
section are intended to introduce new
evaluation requirements for bounced landing
recovery training tasks and contains
additional subjective testing that exceeds the
evaluation requirements of previously
qualified FSTDs.

3. After March 12, 2019, any FSTD that is
used to conduct bounced landing training
tasks must be evaluated and issued
additional qualification in accordance with
this Directive and the following sections of
Appendix A of this Part:

a. Table A1A, General Requirements, Section

2.d.2. (Ground Reaction Characteristics)

b. Table A3A, Functions and Subjective

Testing Requirements, test 9.e. (Missed

Approach—Bounced Landing)

4. Where qualification is being sought to
conduct bounced landing training tasks in
accordance with this Directive, the FSTD
Sponsor must conduct the required
evaluations and modifications as prescribed
in this Directive and report compliance to the
NSPM in accordance with § 60.23 using the
NSP’s standardized FSTD Sponsor
Notification Form. At a minimum, this form
must be accompanied with the following
information:

a. A description of any modifications to the
FSTD (in accordance with § 60.23)
necessary to meet the requirements of this
Directive; and

b. A confirmation statement that the
modified FSTD has been subjectively
evaluated by a qualified pilot as described
in § 60.16(a)(1)(iii).

5. The NSPM will review each submission
to determine if the requirements of this
Directive have been met and respond to the
FSTD Sponsor as described in § 60.23(c).
Additional NSPM conducted FSTD
evaluations may be required before the
modified FSTD is placed into service. This
response, along with any noted restrictions,
will serve as an interim qualification for
bounced landing recovery training tasks until
such time that a permanent change is made
to the Statement of Qualification (SOQ) at the
FSTD’s next scheduled evaluation.
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m 12. In appendix A to part 60, add
Attachment 7 to read as follows:

Appendix A to Part 60—Qualification
Performance Standards for Airplane
Full Flight Simulators

* * * * *

Attachment 7 to Appendix A to Part 60—
Additional Simulator Qualification
Requirements for Stall, Upset Prevention
and Recovery, and Engine and Airframe
Icing Training Tasks

Begin QPS Requirements

A. High Angle of Attack Model Evaluation
(Table A1A, Section 2.m.)

1. Applicability: This attachment applies to
all simulators that are used to satisfy training
requirements for stall maneuvers that are
conducted at angles of attack beyond the
activation of the stall warning system. This
attachment is not applicable for those FSTDs
that are only qualified for approach to stall
maneuvers where recovery is initiated at the
first indication of the stall. The material in
this section is intended to supplement the
general requirements, objective testing
requirements, and subjective testing
requirements contained within Tables A1A,
A2A, and A3A, respectively.

2. General Requirements: The requirements
for high angle of attack modeling are
intended to evaluate the recognition cues and
performance and handling qualities of a
developing stall through the stall
identification angle-of-attack and recovery.
Strict time-history-based evaluations against
flight test data may not adequately validate
the aerodynamic model in an unsteady and
potentially unstable flight regime, such as
stalled flight. As a result, the objective testing
requirements defined in Table A2A do not
prescribe strict tolerances on any parameter
at angles of attack beyond the stall
identification angle of attack. In lieu of
mandating such objective tolerances, a
Statement of Compliance (SOC) will be
required to define the source data and
methods used to develop the stall
aerodynamic model.

3. Fidelity Requirements: The requirements
defined for the evaluation of full stall
training maneuvers are intended to provide
the following levels of fidelity:

a. Airplane type specific recognition cues of
the first indication of the stall (such as the
stall warning system or aerodynamic stall
buffet);

b. Airplane type specific recognition cues of

an impending aerodynamic stall; and

. Recognition cues and handling qualities

from the stall break through recovery that
are sufficiently exemplar of the airplane
being simulated to allow successful
completion of the stall recovery training
tasks.

For the purposes of stall maneuver
evaluation, the term “exemplar” is defined as
a level of fidelity that is type specific of the
simulated airplane to the extent that the
training objectives can be satisfactorily
accomplished.

4. Statement of Compliance (Aerodynamic
Model): At a minimum, the following must
be addressed in the SOC:

(o]

a. Source Data and Modeling Methods: The
SOC must identify the sources of data used
to develop the aerodynamic model. These
data sources may be from the airplane
original equipment manufacturer (OEM),
the original FSTD manufacturer/data
provider, or other data provider acceptable
to the FAA. Of particular interest is a
mapping of test points in the form of
alpha/beta envelope plot for a minimum of
flaps up and flaps down aircraft
configurations. For the flight test data, a
list of the types of maneuvers used to
define the aerodynamic model for angle of
attack ranges greater than the first
indication of stall must be provided per
flap setting. In cases where it is impractical
to develop and validate a stall model with
flight-test data (e.g., due to safety concerns
involving the collection of flight test data
past a certain angle of attack), the data
provider is expected to make a reasonable
attempt to develop a stall model through
the required angle of attack range using
analytical methods and empirical data
(e.g., wind-tunnel data);

b. Validity Range: The FSTD sponsor must
declare the range of angle of attack and
sideslip where the aerodynamic model
remains valid for training. For stall
recovery training tasks, satisfactory
aerodynamic model fidelity must be shown
through at least 10 degrees beyond the stall
identification angle of attack. For the
purposes of determining this validity
range, the stall identification angle of
attack is defined as the angle of attack
where the pilot is given a clear and
distinctive indication to cease any further
increase in angle of attack where one or
more of the following characteristics occur:

. No further increase in pitch occurs when
the pitch control is held at the full aft stop
for 2 seconds, leading to an inability to
arrest descent rate;

ii. An uncommanded nose down pitch that
cannot be readily arrested, which may be
accompanied by an uncommanded rolling
motion;

iii. Buffeting of a magnitude and severity that
is a strong and effective deterrent to further
increase in angle of attack; and

iv. Activation of a stick pusher.

The model validity range must also be
capable of simulating the airplane
dynamics as a result of a pilot initially
resisting the stick pusher in training. For
aircraft equipped with a stall envelope
protection system, the model validity range
must extend to 10 degrees of angle of attack
beyond the stall identification angle of
attack with the protection systems disabled
or otherwise degraded (such as a degraded
flight control mode as a result of a pitot/
static system failure).

. Model Characteristics: Within the declared
range of model validity, the SOC must
address, and the aerodynamic model must
incorporate, the following stall
characteristics where applicable by aircraft
type:

i. Degradation in static/dynamic lateral-

directional stability;

ii. Degradation in control response (pitch,

roll, yaw);

-

o]

iii. Uncommanded roll acceleration or roll-off
requiring significant control deflection to
counter;

iv. Apparent randomness or non-
repeatability;

v. Changes in pitch stability;

vi. Stall hysteresis;

vii. Mach effects;

viii. Stall buffet; and

ix. Angle of attack rate effects.

An overview of the methodology used to
address these features must be provided.

5. Statement of Compliance (Subject Matter
Expert Pilot Evaluation): The sponsor must
provide an SOC that confirms the FSTD has
been subjectively evaluated by a subject
matter expert (SME) pilot who is
knowledgeable of the aircraft’s stall
characteristics. In order to qualify as an
acceptable SME to evaluate the FSTD’s stall
characteristics, the SME must meet the
following requirements:

a. Has held a type rating/qualification in the
aircraft being simulated;

b. Has direct experience in conducting stall
maneuvers in an aircraft that shares the
same type rating as the make, model, and
series of the simulated aircraft. This stall
experience must include hands on
manipulation of the controls at angles of
attack sufficient to identify the stall (e.g.,
deterrent buffet, stick pusher activation,
etc.) through recovery to stable flight;

c. Where the SME’s stall experience is on an
airplane of a different make, model, and
series within the same type rating,
differences in aircraft specific stall
recognition cues and handling
characteristics must be addressed using
available documentation. This
documentation may include aircraft
operating manuals, aircraft manufacturer
flight test reports, or other documentation
that describes the stall characteristics of
the aircraft; and

d. Must be familiar with the intended stall
training maneuvers to be conducted in the
FSTD (e.g., general aircraft configurations,
stall entry methods, etc.) and the cues
necessary to accomplish the required
training objectives. The purpose of this
requirement is to ensure that the stall
model has been sufficiently evaluated in
those general aircraft configurations and
stall entry methods that will likely be
conducted in training.

This SOC will only be required once at the
time the FSTD is initially qualified for stall
training tasks as long as the FSTD’s stall
model remains unmodified from what was
originally evaluated and qualified. Where an
FSTD shares common aerodynamic and flight
control models with that of an engineering
simulator or development simulator that is
acceptable to the FAA, the FAA will accept
an SOC from the data provider that confirms
the stall characteristics have been
subjectively assessed by an SME pilot on the
engineering or development simulator.

An FSTD sponsor may submit a request to
the Administrator for approval of a deviation
from the SME pilot experience requirements
in this paragraph. This request for deviation
must include the following information:

a. An assessment of pilot availability that
demonstrates that a suitably qualified pilot
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meeting the experience requirements of
this section cannot be practically located;
and

b. Alternative methods to subjectively
evaluate the FSTD’s capability to provide
the stall recognition cues and handling
characteristics needed to accomplish the
training objectives.

B. Upset Prevention and Recovery Training
(UPRT) Maneuver Evaluation (Table A1A,
Section 2.n.)

1. Applicability: This attachment applies to
all simulators that are used to satisfy training
requirements for upset prevention and
recovery training (UPRT) maneuvers. For the
purposes of this attachment (as defined in the
Airplane Upset Recovery Training Aid), an
aircraft upset is generally defined as an
airplane unintentionally exceeding the
following parameters normally experienced
in line operations or training:

a. Pitch attitude greater than 25 degrees nose

up;
b. Pitch attitude greater than 10 degrees nose
down;
c. Bank angles greater than 45 degrees; and
d. Within the above parameters, but flying at
airspeeds inappropriate for the conditions.
FSTDs that will be used to conduct training
maneuvers where the FSTD is either
repositioned into an aircraft upset condition
or an artificial stimulus (such as weather
phenomena or system failures) is applied that
is intended to result in a flightcrew entering
an aircraft upset condition must be evaluated
and qualified in accordance with this section.
2. General Requirements: The general
requirement for UPRT qualification in Table
A1A defines three basic elements required
for qualifying an FSTD for UPRT maneuvers:

a. FSTD Training Envelope: Valid UPRT
should be conducted within the high and
moderate confidence regions of the FSTD
validation envelope as defined in
paragraph 3 below.

b. Instructor Feedback: Provides the
instructor/evaluator with a minimum set of
feedback tools to properly evaluate the
trainee’s performance in accomplishing an
upset recovery training task.

. Upset Scenarios: Where dynamic upset
scenarios or aircraft system malfunctions
are used to stimulate the FSTD into an
aircraft upset condition, specific guidance
must be available to the instructor on the
I0S that describes how the upset scenario
is driven along with any malfunction or
degradation in FSTD functionality that is
required to stimulate the upset.

3. FSTD Validation Envelope: For the
purposes of this attachment, the term “flight
envelope” refers to the entire domain in
which the FSTD is capable of being flown
with a degree of confidence that the FSTD
responds similarly to the airplane. This
envelope can be further divided into three

@]

subdivisions (see Appendix 3-D of the

Airplane Upset Recovery Training Aid):

a. Flight test validated region: This is the
region of the flight envelope which has
been validated with flight test data,
typically by comparing the performance of
the FSTD against the flight test data
through tests incorporated in the QTG and
other flight test data utilized to further
extend the model beyond the minimum
requirements. Within this region, there is
high confidence that the simulator
responds similarly to the aircraft. Note that
this region is not strictly limited to what
has been tested in the QTG; as long as the
aerodynamics mathematical model has
been conformed to the flight test results,
that portion of the mathematical model can
be considered to be within the flight test
validated region.

b. Wind tunnel and/or analytical region: This
is the region of the flight envelope for
which the FSTD has not been compared to
flight test data, but for which there has
been wind tunnel testing or the use of
other reliable predictive methods (typically
by the aircraft manufacturer) to define the
aerodynamic model. Any extensions to the
aerodynamic model that have been
evaluated in accordance with the
definition of an exemplar stall model (as
described in the stall maneuver evaluation
section) must be clearly indicated. Within
this region, there is moderate confidence
that the simulator will respond similarly to
the aircraft.

c. Extrapolated: This is the region
extrapolated beyond the flight test
validated and wind tunnel/analytical
regions. The extrapolation may be a linear
extrapolation, a holding of the last value
before the extrapolation began, or some
other set of values. Whether this
extrapolated data is provided by the
aircraft or simulator manufacturer, it is a
“best guess’” only. Within this region, there
is low confidence that the simulator will
respond similarly to the aircraft. Brief
excursions into this region may still retain
a moderate confidence level in FSTD
fidelity; however, the instructor should be
aware that the FSTD’s response may
deviate from the actual aircraft.

4. Instructor Feedback Mechanism: For the
instructor/evaluator to provide feedback to
the student during UPRT maneuver training,
additional information must be accessible
that indicates the fidelity of the simulation,
the magnitude of trainee’s flight control
inputs, and aircraft operational limits that
could potentially affect the successful
completion of the maneuver(s). Ata
minimum, the following must be available to
the instructor/evaluator:

a. FSTD Validation Envelope: The FSTD
must employ a method to display the

FSTD’s expected fidelity with respect to

the FSTD validation envelope. This may be
displayed as an angle of attack vs sideslip
(alpha/beta) envelope cross-plot on the
Instructor Operating System (IOS) or other
alternate method to clearly convey the
FSTD’s fidelity level during the maneuver.
The cross-plot or other alternative method
must display the relevant validity regions
for flaps up and flaps down at a minimum.
This validation envelope must be derived
by the aerodynamic data provider or
derived using information and data sources
provided by the original aerodynamic data
provider.

b. Flight Control Inputs: The FSTD must
employ a method for the instructor/
evaluator to assess the trainee’s flight
control inputs during the upset recovery
maneuver. Additional parameters, such as
cockpit control forces (forces applied by
the pilot to the controls) and the flight
control law mode for fly-by-wire aircraft,
must be portrayed in this feedback
mechanism as well. For passive sidesticks,
whose displacement is the flight control
input, the force applied by the pilot to the
controls does not need to be displayed.
This tool must include a time history or
other equivalent method of recording flight
control positions.

c. Aircraft Operational Limits: The FSTD
must employ a method to provide the
instructor/evaluator with real-time
information concerning the aircraft
operating limits. The simulated aircraft’s
parameters must be displayed dynamically
in real-time and also provided in a time
history or equivalent format. At a
minimum, the following parameters must
be available to the instructor:

i. Airspeed and airspeed limits, including the
stall speed and maximum operating limit
airspeed (Vmo/Mmo);

ii. Load factor and operational load factor
limits; and

iii. Angle of attack and the stall identification
angle of attack. See section A, paragraph
4.b. of this attachment for additional
information concerning the definition of
the stall identification angle of attack. This
parameter may be displayed in conjunction
with the FSTD validation envelope.

End QPS Requirements

Begin Information

An example FSTD ““alpha/beta” envelope
display and IOS feedback mechanism are
shown below in Figure 1 and Figure 2. The
following examples are provided as guidance
material on one possible method to display
the required UPRT feedback parameters on
an IOS display. FSTD sponsors may develop
other methods and feedback mechanisms that
provide the required parameters and support
the training program objectives.

BILLING CODE 4910-13-P
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Figure 1 — Example FSTD Alpha/Beta Envelope Plot

P4801 ALPHA-BETA PLOT

P4808 ALPHA-BETA V-N SYNOPTIC PFD

T TEST

Number of
Plot Points
29

BILLING CODE 4910-13-C
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End Information
Begin QPS Requirements

C. Engine and Airframe Icing Evaluation
(Table A1A, Section 2.j.)

1. Applicability: This section applies to all
FSTDs that are used to satisfy training
requirements for engine and airframe icing.
New general requirements and objective
requirements for simulator qualification have
been developed to define aircraft specific
icing models that support training objectives
for the recognition and recovery from an in-
flight ice accretion event.

2. General Requirements: The qualification
of engine and airframe icing consists of the
following elements that must be considered
when developing ice accretion models for
use in training:

a. Ice accretion models must be developed
to account for training the specific skills
required for recognition of ice accumulation
and execution of the required response.

b. Ice accretion models must be developed
in a manner to contain aircraft specific
recognition cues as determined with aircraft
OEM supplied data or other suitable
analytical methods.

c. At least one qualified ice accretion
model must be objectively tested to
demonstrate that the model has been
implemented correctly and generates the
correct cues as necessary for training.

3. Statement of Compliance: The SOC as
described in Table A1A, Section 2.j. must
contain the following information to support
FSTD qualification of aircraft specific ice
accretion models:

a. A description of expected aircraft
specific recognition cues and degradation
effects due to a typical in-flight icing
encounter. Typical cues may include loss of
lift, decrease in stall angle of attack, changes
in pitching moment, decrease in control
effectiveness, and changes in control forces
in addition to any overall increase in drag.
This description must be based upon relevant
source data, such as aircraft OEM supplied
data, accident/incident data, or other
acceptable data sources. Where a particular
airframe has demonstrated vulnerabilities to
a specific type of ice accretion (due to
accident/incident history) which requires
specific training (such as supercooled large-
droplet icing or tailplane icing), ice accretion
models must be developed that address the
training requirements.

b. A description of the data sources
utilized to develop the qualified ice accretion
models. Acceptable data sources may be, but
are not limited to, flight test data, aircraft
certification data, aircraft OEM engineering
simulation data, or other analytical methods
based upon established engineering
principles.

4. Objective Demonstration Testing: The
purpose of the objective demonstration test is
to demonstrate that the ice accretion models
as described in the Statement of Compliance
have been implemented correctly and
demonstrate the proper cues and effects as
defined in the approved data sources. At
least one ice accretion model must be
selected for testing and included in the
Master Qualification Test Guide (MQTG).
Two tests are required to demonstrate engine

and airframe icing effects. One test will
demonstrate the FSTDs baseline performance
without icing, and the second test will
demonstrate the aerodynamic effects of ice
accretion relative to the baseline test.

a. Recorded Parameters: In each of the two
required MQTG cases, a time history
recording must be made of the following
parameters:

i. Altitude;

ii. Airspeed;

iii. Normal Acceleration;

iv. Engine Power/settings;

v. Angle of Attack/Pitch attitude;

vi. Bank Angle;

vii. Flight control inputs;

viii. Stall warning and stall buffet onset; and

ix. Other parameters as necessary to
demonstrate the effects of ice accretions.

b. Demonstration maneuver: The FSTD
sponsor must select an ice accretion model
as identified in the SOC for testing. The
selected maneuver must demonstrate the
effects of ice accretion at high angles of attack
from a trimmed condition through approach
to stall and “full” stall as compared to a
baseline (no ice buildup) test. The ice
accretion models must demonstrate the cues
necessary to recognize the onset of ice
accretion on the airframe, lifting surfaces,
and engines and provide representative
degradation in performance and handling
qualities to the extent that a recovery can be
executed. Typical recognition cues that may
be present depending upon the simulated
aircraft include:

i. Decrease in stall angle of attack;

ii. Increase in stall speed;

iii. Increase in stall buffet threshold of
perception speed;

iv. Changes in pitching moment;

v. Changes in stall buffet characteristics;

vi. Changes in control effectiveness or control
forces; and

vii. Engine effects (power variation,
vibration, etc.);

The demonstration test may be conducted by

initializing and maintaining a fixed amount

of ice accretion throughout the maneuver in

order to consistently evaluate the

aerodynamic effects.

End QPS Requirements

13. Amend Appendix B by:
m A. Revising paragraph 1.b.;
m B. Revising paragraph 1.d.(21);
m C. Revising paragraph 1.d.(24);
m D. Revising paragraph 1.d.(25);
m E. Revising paragraph 11.b.(2);
m F. Removing and reserving paragraph
11.e.(2);
m G. Revising paragraph 11.h.;
m H. Revising paragraph 13.b.;
m 1. Revising paragraph 13.d.; and
m J. Adding paragraph 24.a.(4)
The revisions and addition read as
follows:

Appendix B to Part 60—Qualification
Performance Standards for Airplane
Flight Training Devices

* * * * *

1. Introduction
* * * * *

b. Questions regarding the contents of this
publication should be sent to the U.S.
Department of Transportation, Federal
Aviation Administration, Flight Standards
Service, National Simulator Program Staff,
AFS-205, P.O. Box 20636, Atlanta, Georgia
30320. Telephone contact numbers for the
NSP are: Phone, 404—474-5620; fax, 404—
474-5656. The NSP Internet Web site address
is: http://www.faa.gov/about/initiatives/nsp/.
On this Web site you will find an NSP
personnel list with telephone and email
contact information for each NSP staff
member, a list of qualified flight simulation
devices, advisory circulars (ACs), a
description of the qualification process, NSP
policy, and an NSP “In-Works” section. Also
linked from this site are additional
information sources, handbook bulletins,
frequently asked questions, a listing and text
of the Federal Aviation Regulations, Flight
Standards Inspector’s handbooks, and other
FAA links.

* * * * *

d. * * %

(21) International Air Transport
Association document, “Flight Simulation
Training Device Design and Performance
Data Requirements,”” as amended.

* * * * *

(24) International Civil Aviation
Organization (ICAO) Manual of Criteria for
the Qualification of Flight Simulation
Training Devices, as amended.

(25) Aeroplane Flight Simulation Training
Device Evaluation Handbook, Volume I, as
amended and Volume II, as amended, The
Royal Aeronautical Society, London, UK.

* * * * *

11. Initial (and Upgrade) Qualification
Requirements (§ 60.15)

* * * * *

b. * k%

(2) Unless otherwise authorized through
prior coordination with the NSPM, a
confirmation that the sponsor will forward to
the NSPM the statement described in
§60.15(b) in such time as to be received no
later than 5 business days prior to the
scheduled evaluation and may be forwarded
to the NSPM via traditional or electronic
means.

* * * * *

h. The sponsor may elect to complete the
QTG objective and subjective tests at the
manufacturer’s facility or at the sponsor’s
training facility (or other sponsor designated
location where training will take place). If the
tests are conducted at the manufacturer’s
facility, the sponsor must repeat at least one-
third of the tests at the sponsor’s training
facility in order to substantiate FTD
performance. The QTG must be clearly
annotated to indicate when and where each
test was accomplished. Tests conducted at
the manufacturer’s facility and at the
sponsor’s designated training facility must be
conducted after the FTD is assembled with
systems and sub-systems functional and
operating in an interactive manner. The test
results must be submitted to the NSPM.

* * * * *
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13. Previously Qualified FTDs (§ 60.17)

* * * * *

b. FTDs qualified prior to May 31, 2016,
and replacement FTD systems, are not
required to meet the general FTD
requirements, the objective test requirements,
and the subjective test requirements of
Attachments 1, 2, and 3 of this appendix as
long as the FTD continues to meet the test
requirements contained in the MQTG
developed under the original qualification
basis.

* * * * *

d. FTDs qualified prior to May 31, 2016,
may be updated. If an evaluation is deemed
appropriate or necessary by the NSPM after
such an update, the evaluation will not
require an evaluation to standards beyond

those against which the FTD was originally
qualified.

* * * * *

24. Levels of FTD
* * * *

* ok k
a.

(4) Level 7. A Level 7 device is one that
has an enclosed airplane-specific flight deck
and aerodynamic program with all applicable
airplane systems operating and control
loading that is representative of the
simulated airplane throughout its ground and
flight envelope and significant sound
representation. All displays may be flat/LCD
panel representations or actual
representations of displays in the aircraft, but
all controls, switches, and knobs must
physically replicate the aircraft in control

operation. It also has a visual system that
provides an out-of-the-flight deck view,
providing cross-flight deck viewing (for both
pilots simultaneously) of a field-of-view of at
least 180° horizontally and 40° vertically.

* * * * *

m 14. In appendix B to part 60, amend

Attachment 1 to Appendix B by revising
Tables B1A and B1B to read as follows:

Appendix B to Part 60—Qualification
Performance Standards for Airplane
Flight Training Devices

* * * * *

Attachment 1 to Appendix B to Part 60—
General FTD REQUIREMENTS

* * * * *



1. General Flight deck Configuration.

1.a.

The FTD must have a flight deck that is a replica of the airplane simulated
with controls, equipment, observable flight deck indicators, circuit breakers,
and bulkheads properly located, functionally accurate and replicating the
airplane. The direction of movement of controls and switches must be
identical to that in the airplane. Pilot seat(s) must afford the capability for the
occupant to be able to achieve the design “eye position.” Equipment for the
operation of the flight deck windows must be included, but the actual
windows need not be operable. Fire axes, extinguishers, and spare light bulbs
must be available in the flight FTD, but may be relocated to a suitable
location as near as practical to the original position. Fire axes, landing gear
pins, and any similar purpose instruments need only be represented in
silhouette.

The use of electronically displayed images with physical overlay or masking
for FTD instruments and/or instrument panels is acceptable provided:

(1) All instruments and instrument panel layouts are dimensionally
correct with differences, if any, being imperceptible to the pilot;

(2) Instruments replicate those of the airplane including full instrument
functionality and embedded logic;

(3) Instruments displayed are free of quantization (stepping);

(4) Instrument display characteristics replicate those of the airplane
including: resolution, colors, luminance, brightness, fonts, fill
patterns, line styles and symbology;

(5) Overlay or masking, including bezels and bugs, as applicable,
replicates the airplane panel(s);

(6) Instrument controls and switches replicate and operate with the same
technique, effort, travel and in the same direction as those in the
airplane;

(7) Instrument lighting replicates that of the airplane and is operated from
the FSTD control for that lighting and, if applicable, is at a level

For FTD purposes, the flight
deck consists of all that space
forward of a cross section of
the fuselage at the most
extreme aft setting of the
pilots' seats including
additional, required flight
crewmember duty stations and
those required bulkheads aft of
the pilot seats. For
clarification, bulkheads
containing only items such as
landing gear pin storage
compartments, fire axes and
extinguishers, spare light
bulbs, aircraft documents
pouches are not considered
essential and may be omitted.

For Level 6 FTDs, flight deck
window panes may be omitted
where non-distracting and
subjectively acceptable to
conduct qualified training
tasks.
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1.b.

commensurate with other lighting operated by that same control; and
(8) As applicable, instruments must have faceplates that replicate those in
the airplane; and

Level 7 FTD only;

The display image of any three dimensional instrument, such as an electro-
mechanical instrument, should appear to have the same three dimensional
depth as the replicated instrument. The appearance of the simulated
instrument, when viewed from the principle operator’s angle, should replicate
that of the actual airplane instrument. Any instrument reading inaccuracy due
to viewing angle and parallax present in the actual airplane instrument should
be duplicated in the simulated instrument display image. Viewing angle error
and parallax must be minimized on shared instruments such and engine
displays and standby indicators.

The FTD must have equipment (e.g., instruments, panels, systems, circuit
breakers, and controls) simulated sufficiently for the authorized
training/checking events to be accomplished. The installed equipment must
be located in a spatially correct location and may be in a flight deck or an
open flight deck area. Additional equipment required for the authorized
training/checking events must be available in the FTD, but may be located in
a suitable location as near as practical to the spatially correct position.
Actuation of equipment must replicate the appropriate function in the
airplane. Fire axes, landing gear pins, and any similar purpose instruments
need only be represented in silhouette.

1.c.

Those circuit breakers that affect procedures or result in observable flight
deck indications must be properly located and functionally accurate.

2. Programming.

2.a.1

The FTD must provide the proper effect of aerodynamic changes for the
combinations of drag and thrust normally encountered in flight. This must
include the effect of change in airplane attitude, thrust, drag, altitude,
temperature, and configuration.
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Level 6 additionally requires the effects of changes in gross weight and center
of gravity.
Level 5 requires only generic aerodynamic programming.

An SOC is required.

2.a.2

A flight dynamics model that accounts for various combinations of drag and
thrust normally encountered in flight must correspond to actual flight
conditions, including the effect of change in airplane attitude, thrust, drag,
altitude, temperature, gross weight, moments of inertia, center of gravity
location, and configuration.

The effects of pitch attitude and of fuel slosh on the aircraft center of gravity
must be simulated.

An SOC is required.

2.b.

The FTD must have the computer capacity, accuracy, resolution, and dynamic
response needed to meet the qualification level sought.

An SOC is required.

2.c.1

Relative responses of the flight deck instruments must be measured by
latency tests, or transport delay tests, and may not exceed 300 milliseconds.
The instruments must respond to abrupt input at the pilot's position within the
allotted time, but not before the time when the airplane responds under the
same conditions.

(1) Latency: The FTD instrument and, if applicable, the motion system
and the visual system response must not be prior to that time when the
airplane responds and may respond up to 300 milliseconds after that
time under the same conditions.

(2) Transport Delay: As an alternative to the Latency requirement, a
transport delay objective test may be used to demonstrate that the FTD
system does not exceed the specified limit. The sponsor must measure

The intent is to verify that the
FTD provides instrument cues
that are, within the stated time
delays, like the airplane
responses. For airplane
response, acceleration in the
appropriate, corresponding
rotational axis is preferred.
Additional information
regarding Latency and
Transport Delay testing may
be found in Appendix A,

0T€8T
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all the delay encountered by a step signal migrating from the pilot’s
control through all the simulation software modules in the correct
order, using a handshaking protocol, finally through the normal output
interfaces to the instrument display and, if applicable, the motion
system, and the visual system.

Attachment 2, paragraph 15.

2.c.2. Relative responses of the motion system, visual system, and flight deck The intent is to verify that the
instruments, measured by latency tests or transport delay tests. Motion onset FTD provides instrument,
should occur before the start of the visual scene change (the start of the scan motion, and visual cues that
of the first video field containing different information) but must occur before are, within the stated time
the end of the scan of that video field. Instrument response may not occur delays, like the airplane
prior to motion onset. Test results must be within the following limits: responses. For airplane

response, acceleration in the
100 ms for the motion (if installed) and instrument systems; and appropriate, corresponding
120 ms for the visual system. rotational axis is preferred.

2.d. Ground handling and aerodynamic programming must include the following:

2.d.1. Ground effect. Ground effect includes
modeling that accounts for
roundout, flare, touchdown,
lift, drag, pitching moment,
trim, and power while in
ground effect.

2.d.2. Ground reaction. Ground reaction includes

modeling that accounts for
strut deflections, tire friction,
and side forces. This is the
reaction of the airplane upon
contact with the runway during
landing, and may differ with
changes in factors such as
gross weight, airspeed, or rate
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of descent on touchdown.

2.d.3. Ground handling characteristics, including acrodynamic and ground reaction
modeling including steering inputs, operations with crosswind, gusting
crosswind, braking, thrust reversing, deceleration, and turning radius.

2.e. If the aircraft being simulated is one of the aircraft listed in § 121.358, Low- Windshear models may consist
altitude windshear system equipment requirements, the FTD must employ of independent variable winds
windshear models that provide training for recognition of windshear in multiple simultaneous
phenomena and the execution of recovery procedures. Models must be components. The FAA
available to the instructor/evaluator for the following critical phases of flight: Windshear Training Aid
(1) Prior to takeoff rotation; presents one acceptable means
(2) At liftoff; of compliance with FTD wind
(3) During initial climb; and model requirements.
(4) On final approach, below 500 ft AGL.
The QTG must reference the FAA Windshear Training Aid or present The FTD should employ a
alternate airplane related data, including the implementation method(s) used. method to ensure the required
If the alternate method is selected, wind models from the Royal Aerospace survivable and non-survivable
Establishment (RAE), the Joint Airport Weather Studies (JAWS) Project and windshear scenarios are
other recognized sources may be implemented, but must be supported and repeatable in the training
properly referenced in the QTG. environment.
The addition of realistic levels of turbulence associated with each required For Level 7 FTDs, windshear
windshear profile must be available and selectable to the instructor. training tasks may only be

qualified for aircraft equipped

In addition to the four basic windshear models required for qualification, at with a synthetic stall warning
least two additional “complex” windshear models must be available to the system. The qualified
instructor which represent the complexity of actual windshear encounters. windshear profile(s) are
These models must be available in the takeoff and landing configurations and evaluated to ensure the
must consist of independent variable winds in multiple simultaneous synthetic stall warning (and
components. The Windshear Training Aid provides two such example not the stall buffet) is first
“complex” windshear models that may be used to satisfy this requirement. indication of the stall.

2.1, The FTD must provide for manual and automatic testing of FTD hardware Automatic “flagging” of out-

crest
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and software programming to determine compliance with FTD objective tests
as prescribed in Attachment 2 of this appendix.

An SOC is required.

of-tolerance situations is
encouraged.

The FTD must accurately reproduce the following runway conditions:
(1) Dry;

(2) Wet;

(3) Ley:

(4) Patchy Wet;

(5) Patchy Icy; and

(6) Wet on Rubber Residue in Touchdown Zone.

An SOC is required.

2.h.

The FTD must simulate:
(1) brake and tire failure dynamics, including antiskid failure; and
(2) decreased brake efficiency due to high brake temperatures, if applicable.

An SOC is required

FTD pitch, side loading, and
directional control
characteristics should be
representative of the airplane.

Engine and Airframe Icing

Modeling that includes the effects of icing, where appropriate, on the
airframe, acrodynamics, and the engine(s). Icing models must simulate the
aerodynamic degradation effects of ice accretion on the airplane lifting
surfaces including loss of lift, decrease in stall angle of attack, change in
pitching moment, decrease in control effectiveness, and changes in control
forces in addition to any overall increase in drag. Aircraft systems (such as
the stall protection system and autoflight system) must respond properly to
ice accretion consistent with the simulated aircraft.

Aircraft OEM data or other acceptable analytical methods must be utilized to
develop ice accretion models that are representative of the simulated aircraft’s
performance degradation in a typical in-flight icing encounter. Acceptable

SOC should be provided
describing the effects which
provide training in the specific
skills required for recognition
of icing phenomena and
execution of recovery. The
SOC should describe the
source data and any analytical
methods used to develop ice
accretion models including
verification that these effects
have been tested.
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analytical methods may include wind tunnel analysis and/or engineering
analysis of the aerodynamic effects of icing on the lifting surfaces coupled
with tuning and supplemental subjective assessment by a subject matter
expert pilot.

SOC required.

Icing effects simulation models
are only required for those
airplanes authorized for
operations in icing conditions.
Icing simulation models should
be developed to provide
training in the specific skills
required for recognition of ice
accumulation and execution of
the required response.

See Attachment 7 of this
Appendix for further guidance
material.

The aerodynamic modeling in the FTD must include:

(1) Low-altitude level-flight ground effect;

(2) Mach effect at high altitude;

(3) Normal and reverse dynamic thrust effect on control surfaces;
(4) Aeroelastic representations; and

(5) Nonlinearities due to sideslip.

An SOC is required and must include references to computations of
aeroelastic representations and of nonlinearities due to sideslip.

See Attachment 2 of this
appendix, paragraph 5, for
further information on ground
effect.

2.k.

The FTD must have aerodynamic and ground reaction modeling for the
effects of reverse thrust on directional control, if applicable.

An SOC is required.

3. Equipment Operation.

3.a.

All relevant instrument indications involved in the simulation of the airplane
must automatically respond to control movement or external disturbances to
the simulated airplane; e.g., turbulence or windshear. Numerical values must

Prest
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be presented in the appropriate units.

For Level 7 FTDs, instrument indications must also respond to effects
resulting from icing.

3.b.1.

Navigation equipment must be installed and operate within the tolerances
applicable for the airplane.

Levels 6 must also include communication equipment (inter-phone and
air/ground) like that in the airplane and, if appropriate to the operation being
conducted, an oxygen mask microphone system.

Level 5 need have only that navigation equipment necessary to fly an
instrument approach.

3.b.2.

Communications, navigation, caution, and warning equipment must be
installed and operate within the tolerances applicable for the airplane.

Instructor control of internal and external navigational aids. Navigation aids
must be usable within range or line-of-sight without restriction, as applicable
to the geographic area.

See Attachment 3 of this
appendix for further
information regarding long-
range navigation equipment.

3.b.3.

Complete navigation database for at least 3 airports with corresponding
precision and non-precision approach procedures, including navigational
database updates.

3.c.1.

Installed systems must simulate the applicable airplane system operation, both
on the ground and in flight. Installed systems must be operative to the extent
that applicable normal, abnormal, and emergency operating procedures
included in the sponsor’s training programs can be accomplished.

Level 6 must simulate all applicable airplane flight, navigation, and systems
operation.

Level 5 must have at least functional flight and navigational controls,
displays, and instrumentation.

Level 4 must have at least one airplane system installed and functional.

3.c.2.

Simulated airplane systems must operate as the airplane systems operate

Airplane system operation
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under normal, abnormal, and emergency operating conditions on the ground
and in flight.

Once activated, proper systems operation must result from system
management by the crew member and not require any further input from the
instructor's controls.

should be predicated on, and
traceable to, the system data
supplied by the airplane
manufacturer, original
equipment manufacturer or
alternative approved data for
the airplane system or
component.

At a minimum, alternate
approved data should validate
the operation of all normal,
abnormal, and emergency
operating procedures and
training tasks the FSTD is
qualified to conduct.

3.d.

The lighting environment for panels and instruments must be sufficient for
the operation being conducted.

Back-lighted panels and
instruments may be installed
but are not required.

3.e.

The FTD must provide control forces and control travel that corresponds to
the airplane being simulated. Control forces must react in the same manner as
in the airplane under the same flight conditions.

For Level 7 FTDs, control systems must replicate airplane operation for the
normal and any non-normal modes including back-up systems and should
reflect failures of associated systems. Appropriate cockpit indications and
messages must be replicated.

3.1

The FTD must provide control forces and control travel of sufficient precision
to manually fly an instrument approach.

FTD control feel dynamics must replicate the airplane. This must be
determined by comparing a recording of the control feel dynamics of the FTD

91€8T
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to airplane measurements. For initial and upgrade qualification evaluations,
the control dynamic characteristics must be measured and recorded directly
from the flight deck controls, and must be accomplished in takeoff, cruise,
and landing flight conditions and configurations.

4. Instructor or Evaluator Facilities.

4.a.1. In addition to the flight crewmember stations, suitable seating arrangements These seats need not be a
for an instructor/check airman and FAA Inspector must be available. These replica of an aircraft seat and
seats must provide adequate view of crewmember's panel(s). may be as simple as an office

chair placed in an appropriate
position.

4.a.2. In addition to the flight crewmember stations, the FTD must have at least two The NSPM will consider
suitable seats for the instructor/check airman and FAA inspector. These seats alternatives to this standard for
must provide adequate vision to the pilot's panel and forward windows. All additional seats based on
seats other than flight crew seats need not represent those found in the unique flight deck
airplane, but must be adequately secured to the floor and equipped with configurations.
similar positive restraint devices.

4.b.1. The FTD must have instructor controls that permit activation of normal,
abnormal, and emergency conditions as appropriate. Once activated, proper
system operation must result from system management by the crew and not
require input from the instructor controls.

4.b.2. The FTD must have controls that enable the instructor/evaluator to control all
required system variables and insert all abnormal or emergency conditions
into the simulated airplane systems as described in the sponsor’s FAA-
approved training program; or as described in the relevant operating manual
as appropriate.

4.c. The FTD must have instructor controls for all environmental effects expected
to be available at the 10S; e.g., clouds, visibility, icing, precipitation,
temperature, storm cells and microbursts, turbulence, and intermediate and
high altitude wind speed and direction.

4.d. The FTD must provide the instructor or evaluator the ability to present ground For example, another airplane
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and air hazards.

crossing the active runway or
converging airborne traffic.

5. Motion

System.

5.a.

The FTD may have a motion system, if desired, although it is not required. If
a motion system is installed and additional training, testing, or checking
credits are being sought on the basis of having a motion system, the motion
system operation may not be distracting and must be coupled closely to
provide integrated sensory cues. The motion system must also respond to
abrupt input at the pilot's position within the allotted time, but not before the
time when the airplane responds under the same conditions.

The motion system standards
set out in part 60, Appendix A
for at least Level A simulators
is acceptable.

S.b.

[f a motion system is installed, it must be measured by latency tests or
transport delay tests and may not exceed 300 milliseconds. Instrument
response may not occur prior to motion onset.

The motion system standards
set out in part 60, Appendix A
for at least Level A simulators
is acceptable.

6. Visual System.

6.a. The FTD may have a visual system, if desired, although it is not required. If a visual
system is installed, it must meet the following criteria:
6.a.1. The visual system must respond to abrupt input at the pilot's position.
An SOC is required.
6.a.2. The visual system must be at least a single channel, non-collimated display.
An SOC is required.
6.a.3. The visual system must provide at least a field-of-view of 18° vertical / 24°
horizontal for the pilot flying.
An SOC is required.
6.a.4. The visual system must provide for a maximum parallax of 10° per pilot.
An SOC is required.
6.a.5. The visual scene content may not be distracting.
An SOC is required.
6.a.6. The minimum distance from the pilot’s eye position to the surface of a direct view
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display may not be less than the distance to any front panel instrument.

An SOC is required.

6.a.7. The visual system must provide for a minimum resolution of 5 arc-minutes for both
computed and displayed pixel size.
An SOC is required.

6.b. If a visual system is installed and additional training, testing, or checking credits are Directly projected, non-
being sought on the basis of having a visual system, a visual system meeting the collimated visual displays may
standards set out for at least a Level A FFS (see Appendix A of this part) will be prove to be unacceptable for
required. A “direct-view,” non-collimated visual system (with the other dual pilot applications.
requirements for a Level A visual system met) may be considered satisfactory for
those installations where the visual system design “eye point” is appropriately
adjusted for each pilot’s position such that the parallax error is at or less than 10°
simultaneously for each pilot.
An SOC is required.

6.c. The FTD must have a visual system providing an out-of-the-flight deck view. X

6.d. The FTD must provide a continuous visual field-of-view of at least176° X | The horizontal field-of-view is
horizontally and 36° vertically or the number of degrees necessary to meet the traditionally described as a
visual ground segment requirement, whichever is greater. The minimum 180° field-of-view. However,
horizontal field-of-view coverage must be plus and minus one-half (}2) of the the field-of-view is technically
minimum continuous field-of-view requirement, centered on the zero degree no less than 176°. Additional
azimuth line relative to the aircraft fuselage. field-of-view capability may

be added at the sponsor’s
An SOC is required and must explain the system geometry measurements discretion provided the
including system linearity and field-of-view. minimum fields of view are
retained.

Collimation is not required but parallax effects must be minimized (not
greater than 10° for each pilot when aligned for the point midway between the
left and right seat eyepoints).

6.e. The visual system must be free from optical discontinuities and artifacts that X | Non-realistic cues might

create non-realistic cues.

include image “swimming”
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and image “roll-off,” that may
lead a pilot to make incorrect
assessments of speed,
acceleration, or situational
awareness.

6.f. The FTD must have operational landing lights for night scenes. Where used,
dusk (or twilight) scenes require operational landing lights.

6.g. The FTD must have instructor controls for the following:

(1) Visibility in statute miles (km) and runway visual range (RVR) in ft.(m);
(2) Airport selection; and
(3) Airport lighting.

6.h. The FTD must provide visual system compatibility with dynamic response
programming.

6.i. The FTD must show that the segment of the ground visible from the FTD This will show the modeling
flight deck is the same as from the airplane flight deck (within established accuracy of RVR, glideslope, and
tolerances) when at the correct airspeed, in the landing configuration, at the localizer for a given weight,
appropriate height above the touchdown zone, and with appropriate visibility. configuration, and speed within

the airplane's operational
envelope for a normal approach
and landing.

6.j. The FTD must provide visual cues necessary to assess sink rates (provide
depth perception) during takeoffs and landings, to include:

(1) Surface on runways, taxiways, and ramps; and
(2) Terrain features.
6.k. The FTD must provide for accurate portrayal of the visual environment Visual attitude vs. FTD

relating to the FTD attitude.

attitude is a comparison of
pitch and roll of the horizon as
displayed in the visual scene
compared to the display on the
attitude indicator.

02E8T
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6.1.

The FTD must provide for quick confirmation of visual system color, RVR,
focus, and intensity.

An SOC is required.

6.m.

The FTD must be capable of producing at least 10 levels of occulting.

6.n.

Night Visual Scenes. When used in training, testing, or checking activities,
the FTD must provide night visual scenes with sufficient scene content to
recognize the airport, the terrain, and major landmarks around the airport.
The scene content must allow a pilot to successfully accomplish a visual
landing. Scenes must include a definable horizon and typical terrain
characteristics such as fields, roads and bodies of water and surfaces
illuminated by airplane landing lights.

>[4

6.0.

Dusk (or Twilight) Visual Scenes. When used in training, testing, or
checking activities, the FTD must provide dusk (or twilight) visual scenes
with sufficient scene content to recognize the airport, the terrain, and major
landmarks around the airport. The scene content must allow a pilot to
successfully accomplish a visual landing. Dusk (or twilight) scenes, as a
minimum, must provide full color presentations of reduced ambient intensity,
sufficient surfaces with appropriate textural cues that include self-illuminated
objects such as road networks, ramp lighting and airport signage, to conduct a
visual approach, landing and airport movement (taxi). Scenes must include a
definable horizon and typical terrain characteristics such as fields, roads and
bodies of water and surfaces illuminated by airplane landing lights. If
provided, directional horizon lighting must have correct orientation and be
consistent with surface shading effects. Total night or dusk (twilight) scene
content must be comparable in detail to that produced by 10,000 visible
textured surfaces and 15,000 visible lights with sufficient system capacity to
display 16 simultaneously moving objects.

An SOC is required.
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6.p.

Daylight Visual Scenes. The FTD must provide daylight visual scenes with
sufficient scene content to recognize the airport, the terrain, and major
landmarks around the airport. The scene content must allow a pilot to
successfully accomplish a visual landing. Any ambient lighting must not
“washout” the displayed visual scene. Total daylight scene content must be
comparable in detail to that produced by 10,000 visible textured surfaces and
6,000 visible lights with sufficient system capacity to display 16
simultaneously moving objects. The visual display must be free of apparent
and distracting quantization and other distracting visual effects while the FTD
is in motion.

An SOC is required.

6.q.

The FTD must provide operational visual scenes that portray physical
relationships known to cause landing illusions to pilots.

For example: short runways,
landing approaches over water,
uphill or downhill runways,
rising terrain on the approach
path, unique topographic
features.

6.r.

The FTD must provide special weather representations of light, medium, and
heavy precipitation near a thunderstorm on takeoff and during approach and
landing. Representations need only be presented at and below an altitude of
2,000 ft. (610 m) above the airport surface and within 10 miles (16 km) of the
airport.

6.s.

The FTD must present visual scenes of wet and snow-covered runways,
including runway lighting reflections for wet conditions, partially obscured
lights for snow conditions, or suitable alternative effects.

6.t.

The FTD must present realistic color and directionality of all airport lighting.

6.u.

The following weather effects as observed on the visual system must be
simulated and respective instructor controls provided.
(1) Multiple cloud layers with adjustable bases, tops, sky coverage and

s

Scud effects are low, detached,
and irregular clouds below a
defined cloud layer.

ccest
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scud effect;

(2) Storm cells activation and/or deactivation;

(3) Visibility and runway visual range (RVR), including fog and patchy
fog effect;

(4) Effects on ownship external lighting;

(5) Effects on airport lighting (including variable intensity and fog
effects);

(6) Surface contaminants (including wind blowing effect);

(7) Variable precipitation effects (rain, hail, snow);

(8) In-cloud airspeed effect; and

(9) Gradual visibility changes entering and breaking out of cloud.

The simulator must provide visual effects for:
(1) Light poles;
(2) Raised edge lights as appropriate; and
(3) Glow associated with approach lights in low visibility before physical
lights are seen,

Visual effects for light poles
and raised edge lights are for
the purpose of providing
additional depth perception
during takeoff, landing, and
taxi training tasks. Three
dimensional modeling of the
actual poles and stanchions is
not required.

7. Sound System.

7.a. The FTD must provide flight deck sounds that result from pilot actions that
correspond to those that occur in the airplane.
7.b. The volume control must have an indication of sound level setting which This indication is of the sound
meets all qualification requirements. level setting as evaluated
during the FTD’s initial
evaluation.
7.c. The FTD must accurately simulate the sound of precipitation, windshield

wipers, and other significant airplane noises perceptible to the pilot during
normal and abnormal operations, and include the sound of a crash (when the
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FTD is landed in an unusual attitude or in excess of the structural gear
limitations); normal engine and thrust reversal sounds; and the sounds of flap,
gear, and spoiler extension and retraction.

Sounds must be directionally representative.

An SOC is required.

7.d.

The FTD must provide realistic amplitude and frequency of flight deck noises
and sounds. FTD performance must be recorded, subjectively assessed for
the initial evaluation, and be made a part of the QTG. .

vcest
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1. Preflight

Procedures.

1.a. Preflight Inspection (flight deck only) A |A[X X

1.b. Engine Start A |A|X|X

1.c. Taxiing T

1.d. Pre-takeoff Checks A |[A[X |X

2. Takeoff and Departure Phase.

2.a. Normal and Crosswind Takeoff T

2.b. Instrument Takeoff T

2.c. Engine Failure During Takeoff T

2.d. Rejected Takeoff (requires visual system) A X

2.e. Departure Procedure X | X |[X

3. Inflight Maneuvers.

3.a. Steep Turns XX [X

3.b Approaches to Stalls A | X | X | Approach to stall maneuvers
qualified only where the aircraft does
not exhibit stall buffet as the first
indication of the stall.

3.c. Engine Failure—Multiengine Airplane AlX X

3.d. Engine Failure—Single-Engine Airplane AlX [ X

3.e. Specific Flight Characteristics incorporated into the user’s FAA approved flight A | A | A | A| Level 4 FTDs have no minimum

training program. requirement for aerodynamic
programming and are generally not
qualified to conduct in-flight
maneuvers.

3.1. Windshear Recovery T | For Level 7 FTD, windshear recovery
may be qualified at the Sponsor’s
option. See Table B1A for specific
requirements and limitations.

4. Instrument Procedures.

4.a. Standard Terminal Arrival / Flight Management System Arrivals Procedures AlX |X

4.b. Holding AlX X

4.c. Precision Instrument

4.c.1. All engines operating. A | X | X | e.g., Autopilot, Manual (FIt. Dir.
Assisted), Manual (Raw Data)

4.c.2. One engine inoperative. T | e.g., Manual (Flt. Dir. Assisted),

Manual (Raw Data)
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4.d. Non-precision Instrument Approach A | X | X | e.g., NDB, VOR, VOR/DME,
VOR/TAC, RNAV, LOC, LOC/BC,
ADF, and SDF.
d.e. Circling Approach (requires visual system) A | X | Specific authorization required.
4.f. Missed Approach
4.1f.1. Normal. AlX X
4.£.2. One engine Inoperative. T
5. Landings and Approaches to Landings.
5.a. Normal and Crosswind Approaches and Landings T
5.b. Landing From a Precision / Non-Precision Approach T
S.c. Approach and Landing with (Simulated) Engine Failure — Multiengine Airplane T
5.d. Landing From Circling Approach T
S.e. Rejected Landing T
5.1 Landing From a No Flap or a Nonstandard Flap Configuration Approach T
6. Normal and Abnormal Procedures.
6.a. Engine (including shutdown and restart) A JAJX X
6.b. Fuel System A |AX X
6.c. Electrical System A |A|X X
6.d. Hydraulic System A |A|X|X
6.e. Environmental and Pressurization Systems A |A[X X
6.1. Fire Detection and Extinguisher Systems A [AIX X
6.2. Navigation and Avionics Systems A |A[X|X
6.h. Automatic Flight Control System, Electronic Flight Instrument System, and A |A|X|X
Related Subsystems
6.i. Flight Control Systems A A XX
6.j. Anti-ice and Deice Systems A |A|X X
6.k. Aircraft and Personal Emergency Equipment A |A|X|X
7. Emergency Procedures.
7.a. Emergency Descent (Max. Rate) AlX X
7.b. Inflight Fire and Smoke Removal AlX [X
7.c. Rapid Decompression AlX | X
7.d. Emergency Evacuation A [AX X
8. Postflight Procedures.
8.a. After-Landing Procedures A |AX X
8.b. Parking and Securing A |A|X|X
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Note 1: An “A” in the table indicates that the system, task, or procedure, although not required to be present, may be examined if the appropriate
airplane system is simulated in the FTD and is working properly.

Note 2: Items not installed or not functional on the FTD and not appearing on the SOQ Configuration List, are not required to be listed as
exceptions on the SOQ.

Note 3: A “T” in the table indicates that the task may only be qualified for introductory initial or recurrent qualification training. These tasks may
not be qualified for proficiency testing or checking credits in an FAA approved flight training program.
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18328 Federal Register/Vol.

81, No. 61/ Wednesday, March 30, 2016 /Rules and Regulations

m C.In Table B2B;
m D. In Table B2C;
m E. In Table B2D; and
m F.In Table B2E,.
The revisions and additions read as
follows:

Appendix B to Part 60—Qualification
Performance Standards for Airplane
Flight Training Devices

* * * * *

Attachment 2 to Appendix B to Part 60—FFS

OBJECTIVE TESTS

* * * * *

2.k x %
* * * * *

e. It is not acceptable to program the FTD
so that the mathematical modeling is correct
only at the validation test points. Unless
otherwise noted, FTD tests must represent
airplane performance and handling qualities
at operating weights and centers of gravity

(CG) typical of normal operation. FTD tests

at extreme weight or CG conditions may be
acceptable where required for concurrent
aircraft certification testing. Tests of handling
qualities must include validation of
augmentation devices.

* * * * *



1. Performance.

La. Taxi.

l.a.l Minimum radius +0.9m (3 ft) or £20% Ground. Plot both main and nose gear loci and key engine
turn. of airplane turn radius. parameter(s). Data for no brakes and the

minimum thrust required to maintain a steady
turn except for airplanes requiring asymmetric
thrust or braking to achieve the minimum radius
turn.

l.a.2 Rate of turn versus +10% or +2°/s of turn Ground. Record for a minimum of two speeds, greater
nosewheel steering rate. than minimum turning radius speed with one at a
angle (NWA). typical taxi speed, and with a spread of at least 5

kt.

1.b. Takeoff. Note.— For Level 7 FTD, all airplane
manufacturer commonly-used certificated take-
off flap settings must be demonstrated at least
once either in minimum unstick speed (1.5.3),
normal take-off (1.b.4), critical engine failure on
take-off (1.5.5) or crosswind take-off (1.5.6).

1.b.1 Ground acceleration +15sor Takeoff. Acceleration time and distance must be recorded May be combined with normal
time and distance. +5% of time: and for a minimum of 80% of the total time from takeoff (1.b.4.) or rejected

+£61 m (200 ft) or £5% brake release to V. Preliminary aircraft takeoff (1.b.7.). Plotted data

of distance. certification data may be used. should be shown using
appropriate scales for each

For Level 6 FTD: portion of the maneuver.

*1.5 s or £5% of time. For Level 6 FTD, this test is
required only if RTO training
credit is sought.

1.b.2 Minimum control +25% of maximum Takeoft. Engine failure speed must be within +1 kt of If @ Vyneg test is not available, an
speed, ground (Vace) | airplane lateral airplane engine failure speed. Engine thrust decay acceptable alternative is a flight
using aerodynamic deviation reached or must be that resulting from the mathematical test snap engine deceleration to
controls only per +1.5m (5 ft). model for the engine applicable to the FTD under idle at a speed between V, and
applicable test. If the modeled engine is not the same as the Vi-10kt, followed by control of
airworthiness . . oSt . :g . . heading using aerodynamic

. For airplanes with airplane manufacturer’s flight test engine, a

requirement or . . . A control only and recovery should

alternative engine reversible flight control furth_er‘ test may be run w1th<the same ‘mmal be achieved with the main gear

inoperative test to systems: conditions using the thrust from the flight test on the ground.

demonstrate ground data as the driving parameter.

control +10% or +£2.2 daN (5 Ibf) To ensure only aerodynamic

characteristics. rudder pedal force. control, nosewheel steering must
be disabled (i.e. castored) or the
nosewheel held slightly off the
ground.

1.b.3 Minimum unstick +3 kt airspeed. Takeoff. Record time history data from 10 knots before Vo is defined as the minimum

speed (Vi) or

+1.5° pitch angle.

start of rotation until at Ieast 5 seconds after the

speed at which the last main
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equivalent test to
demonstrate early
rotation take-off
characteristics.

occurrence of main gear lift-off.

landing gear leaves the ground.
Main landing gear strut
compression or equivalent
air/ground signal should be
recorded. If a V,, test is not
available, alternative acceptable
flight tests are a constant high-
attitude takeoff run through main
gear lift-off or an early rotation
takeoft.

If either of these alternative
solutions is selected, aft body
contact/tail strike protection
functionality, if present on the
airplane, should be active.

1.b4 Normal take-off. +3 kt airspeed. Takeoff. Data required for near maximum certificated The test may be used for ground
) takeoff weight at mid center of gravity location acceleration time and distance
+1.5¢ pitch angle. and light takeoff weight at an aft center of gravity (1.b.1).
o location. If the airplane has more than one
+1.5° AOA. certificated take-off configuration, a different qutted data ShOUId be sh9wn
i . b d £ h weich using appropriate scales for each
+6 m (20 ft) height. configuration must be used for each weight. portion of the maneuver.
For airol it Record takeoft profile from brake release to at
or airplanes with least 61 m (200 ft) AGL.
reversible flight control
systems:
+2.2 daN (5 1Ibf) or
+10% of column force.
1.b.5 Critical engine failure | +3 kt airspeed. Takeoff. Record takeoff profile to at least 61 m (200 ft)

on take-off.

+1.5° pitch angle.
+1.5° AOA.

+6 m (20 ft) height.
+2° roll angle.

+2° side-slip angle.
+3° heading angle.

For airplanes with
reversible flight control
systems:

AGL.

Engine failure speed must be within £3 kt of
airplane data.

Test at near maximum takeoff weight

0€€8T
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+2.2 daN (5 Ibf) or
+10% of column force;

+1.3 daN (3 Ibf) or
+10% of wheel force;
and

+2.2 daN (5 Ibf) or
+10% of rudder pedal
force.

1.b.6

Crosswind take-off.

+ 3 kt airspeed.
+1.5° pitch angle.
+1.5° AOA.

+6 m (20 ft) height.
+2° roll angle.

+2° side-slip angle.
+3° heading angle.

Correct trends at ground
speeds below 40 kt for
rudder/pedal and
heading angle.

For airplanes with
reversible flight control
systems:

+2.2 daN (5 Ibf) or
+10% of column force;

+1.3 daN (3 Ibf) or
+10% of wheel force;
and

+2.2 daN (5 Ibf) or
+10% of rudder pedal
force.

Takeoff.

Record takeoff profile from brake release to at
least 61 m (200 ft) AGL.

This test requires test data, including wind
profile, for a crosswind component of at least
60% of the airplane performance data value
measured at 10 m (33 ft) above the runway.

Wind components must be provided as headwind
and crosswind values with respect to the runway.

In those situations where a
maximum crosswind or a
maximum demonstrated
crosswind is not known, contact
the NSPM.

1.b.7.a.

Rejected Takeoff.

+5% of time or 1.5 s.

Takeoff.

Record at mass near maximum takeoff weight.

Autobrakes will be used where
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+7.5% of distance or
+76 m (250 ft).

For Level 6 FTD: +5%
of time or 1.5 s.

Speed for reject must be at least 80% of V.

Maximum braking effort, auto or manual.

Where a maximum braking demonstration is not
available, an acceptable alternative is a test using
approximately 80% braking and full reverse, if
applicable.

Time and distance must be recorded from brake
release to a full stop.

applicable.

1.b.7.b. | Rejected Takeoft. +5% of time or £1.5 s. Takeoff Record time for at least 80% of the segment from For Level 6 FTD, this test is
initiation of the rejected takeoff to full stop. required only if RTO training
credit is sought.
1.b.8. Dynamic Engine +2°/s or £20% of body Takeoff. Engine failure speed must be within £3 kt of For safety considerations,
Failure After angular rates. airplane data. airplane flight test may be
Takeoff. performed out of ground effect
Engine failure may be a snap deceleration to idle. at a safe altitude, but with
Record hands-off from 5 s before engine failure cogregt alrpllane configuration
to +5 s or 30° roll angle, whichever occurs first. and atrspeed.
CCA: Test in Normal and Non-normal control
state.
l.c. Climb.
Lel. Normal Climb, all +3 kt airspeed. Clean. Flight test data are preferred; however, airplane For Level 5 and Level 6 FTDs,
engines operating. performance manual data are an acceptable this may be a snapshot test
+0.5 m/s (100 ft/ min) alternative. result.
or +5% of rate of climb.
Record at nominal climb speed and mid initial
climb altitude.
FTD performance is to be recorded over an
interval of at least 300 m (1, 000 ft).
l.c.2. One-engine- +3 kt airspeed. 2nd segment climb. Flight test data is preferred; however, airplane

inoperative 2nd
segment climb.

+0.5 m/s (100 ft/ min)
or £5% of rate of climb,
but not less than
airplane performance
data requirements.

performance manual data is an acceptable
alternative.

Record at nominal climb speed.

FTD performance is to be recorded over an
interval of at least 300 m (1,000 ft).

Test at WAT (weight, altitude or temperature)

cE€Ee81
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limiting condition.

1.c.3. One Engine +10% time, +10% Clean Flight test data or airplane performance manual
Inoperative Ln route distance, £10% fuel data may be used.
Climb. used
Test for at least a 1,550 m (5,000 ft) segment.
l.cd. One Engine +3 kt airspeed. Approach Flight test data or airplane performance manual Airplane should be configured
Inoperative Approach data may be used. with all anti-ice and de-ice
Climb for airplanes +0.5 m/s (100 ft/ min) systems operating normally, gear
withicing or +5% rate of climb, FTD performance to be recorded over an interval up and go-around flap.
accountability if but not less than of at least 300 m (1,000 ft).
provided in the airplane performance All icing accountability
32&12}2? tr;lcigfg;?;ng? data. Test near maximum certificated landing weight considerations, in accordance
flight. as may be applicable to an approach in icing with the airplane performance
conditions. data fqr an approach in icing
conditions, should be applied.
1.d. Cruise / Descent.
1d.1. Level flight +5% Time Cruise Time required to increase airspeed a minimum of
acceleration 50 kt, using maximum continuous thrust rating or
equivalent.
For airplanes with a small operating speed range,
speed change may be reduced to 80% of
operational speed change.
1.d.2. Level light +£5% Time Cruise Time required to decrease airspeed a minimum of
deceleration. 50 kt, using idle power.
For airplanes with a small operating speed range,
speed change may be reduced to 80% of
operational speed change.
1.d.3. Cruisc performance. +.05 EPR or £3% N1 Cruise. The test may be a single snapshot showing
or £5% of torque. instantaneous fuel flow, or a minimum of two
consecutive snapshots with a spread of at least 3
+5% of fuel flow. minutcs in steady flight.
1.d4. Idle descent. +3 kt airspeed. Clean. Idle power stabilized descent at normal descent
speed at mid altitude.
+1.0 m/s (200 ft/min) or
+5% of rate of descent. FTD performance to be recorded over an interval
of at least 300 m (1,000 ft).
1.d.5. Emergency descent. +5 kt airspeed. As per airplane FTD performance to be recorded over an interval Stabilized descent to be

+1.5 m/s (300 ft/min) or
+5% of rate of descent.

performance data.

of at least 900 m (3,000 ft).

conducted with speed brakes
extended if applicable, at mid
altitude and near V,, or
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according to emergency descent
procedure.

l.e.

Stopping.

l.e.l.

Deceleration time
and distance, manual
wheel brakes, dry
runway, no reverse
thrust.

+1.5 s or £5% of time.

For distances up to
1,220 m (4,000 ft), the
smaller of £61 m (200
ft) or £10% of distance.

For distances greater
than 1,220 m (4,000 ft),
+5% of distance.

Landing.

Time and distance must be recorded for at least
80% of the total time from touchdown to a full
stop.

Position of ground spoilers and brake system
pressure must be plotted (if applicable).

Data required for medium and near maximum
certificated landing weight.

Engineering data may be used for the medium
weight condition.

l.e.2.

Deceleration time
and distance, reverse
thrust, no wheel
brakes, dry runway.

+1.5 s or £5% of time;
and

the smaller of £61 m
(200 ft) or £10% of
distance.

Landing

Time and distance must be recorded for at least
80% of the total time from initiation of reverse
thrust to full thrust reverser minimum operating
speed.

Position of ground spoilers must be plotted (if
applicable).

Data required for medium and near maximum
certificated landing weight.

Engineering data may be used for the medium
weight condition.

Stopping distance,
wheel brakes, wet
runway.

+61 m (200 ft) or £10%
of distance.

Landing.

Either flight test or manufacturer’s performance
manual data must be used, where available.

Engineering data, based on dry runway flight test
stopping distance and the effects of contaminated
runway braking coefficients, are an acceptable
alternative.

l.ed.

Stopping distance,
wheel brakes, icy
runway.

+61 m (200 ft) or £10%
of distance.

Landing.

Either flight test or manufacturer’s performance
manual data must be used, where available.

Engineering data, based on dry runway flight test
stopping distance and the effects of contaminated
runway braking coefficients, are an acceptable
alternative.

L.f.

Engines.

Lf.1.

Acceleration.

For Level 7 FTD:

Approach or landing

Total response is the incremental change in the

See Appendix F of this part for

vEEST
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+10% Ti or £0.25 s; and critical engine parameter from idle power to go- definitions of T; and T..
+10% Tt or £0.25 s. around power.

For Level 6 FTD:
+10% Tt or £0.25 s.

For Level 5 FTD: #1 s

1.£.2. Deceleration. For Level 7 FTD: Ground Total response is the incremental change in the X[ X | X| See Appendix F of this part for
+10% Ti or £0.25 s; and critical engine parameter from maximum take-off definitions of Ty and T¢.
+10% Tt or £0.25 s. power to idle power.

For Level 6 FTD:
+10% Tt or £0.25 s.

For Level 5 FTD: 1 s

2. Handling Qualities.

2.a. Static Control Tests.

Note.l — Testing of position versus force is not applicable if forces are generated solely by use of airplane hardware in the FTD.

Note 2 — Pitch, roll and yaw controller position versus force or time should be measured at the control. An alternative method in lieu of external test fixtures

at the flight controls would be to have recording and measuring instrumentation built into the FTD. The force and position data from this instrumentation could
be directly recorded and matched to the airplane data. Provided the instrumentation was verified by using external measuring equipment while conducting the
static control checks, or equivalent means, and that evidence of the satisfactory comparison is included in the MQTG, the instrumentation could be used for both
initial and recurrent evaluations for the measurement of all required control checks. Verification of the instrumentation by using external measuring equipment
should be repeated if major modifications and/or repairs are made to the control loading system. Such a permanent installation could be used without any time
being lost for the installation of external devices. Static and dynamic flight control tests should be accomplished at the same feel or impact pressures as the
validation data where applicable.

Note 3 — (Level 7 FTD only) FTD static control testing from the second set of pilot controls is only required if both sets of controls are not mechanically interconnected on the
FTD. A rationale is required from the data provider if a single set of data is applicable to both sides. [f controls are mechanically interconnected in the FTD, a
single set of tests is sufficient.

2.a.1.a. Pitch controller +0.9 daN (2 1bf) Ground. Record results for an uninterrupted control sweep X | X | Testresults should be validated
position versus force breakout. to the stops. with in-flight data from tests
and surface position such as longitudinal static
calibration. +2.2 daN (5 Ibf) or stability, stalls, etc.

+10% of force.

+2° elevator angle.

2.a.1.b. Pitch controller +0.9 daN (2 Ibf) As determined by Record results during initial qualification X Applicable only on continuing
position versus force | breakout. sponsor evaluation for an uninterrupted control sweep to qualification evaluations. The
the stops. The recorded tolerances apply to intent is to design the control
+2.2 daN (5 Ibf) o subs‘eguer‘n comparispns on continuing feel for Level 5 to be able to
£10% of force. qualification evaluations. manually fly an instrument

approach; and not to compare
results to flight test or other such
data.
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2.a.2.a. Roll controller +0.9 daN (2 Ibf) Ground. Record results for an uninterrupted control sweep Test results should be validated
position versus force | preakout. to the stops. with in-flight data from tests
and surface position such as engine-out trims, steady
calibration. +1.3 daN (3 Ibf) or state side-slips, etc.
+10% of force.
+2° aileron angle.
+3° spoiler angle.
2.a.2.b. Roll controller +0.9 daN (2 1bf) As determined by Record results during initial qualification Applicable only on continuing
position versus force | preakout. sponsor evaluation for an uninterrupted control sweep to qualification evaluations. The
the stops. The recorded tolerances apply to intent is to design the control
£1.3 daN (3 Ibf) or subs;quept comparisAons on continuing feel for Level 5 to be able to
£10% of force. qualification evaluations. manually fly an instrument
approach; and not to compare
results to flight test or other such
data.
2.a2.3.a. Rudder pedal +2.2 daN (5 Ibf) Ground. Record results for an uninterrupted control sweep Test results should be validated
position versus force | preakout. to the stops. with in-flight data from tests
and surface position such as engine-out trims, steady
calibration. 422 daN (5 Ibf) o state side-slips, etc.
+10% of force.
+2° rudder angle.
2.a.3.b. Rudder pedal +2.2 daN (5 Ibf) As determined by Record results during initial qualification Applicable only on continuing
position versus force | preakout. sponsor evaluation for an uninterrupted control sweep to qualification evaluations. The
the stops. The recorded tolerances apply to intent is to design the control
2.2 daN (5 Ibf) or subsgquer}t comparisons on continuing feel for Level 5 t.O be able to
£10% of force. qualification evaluations. manually fly an instrument
approach; and not to compare
results to flight test or other such
data.
2.a.4.a. Nosewheel Steering +0.9 daN (2 Ibf) Ground. Record results of an uninterrupted control sweep to
Controller Force and | preakout. the stops.
Position Calibration.
+1.3 daN (3 Ibf) or
+10% of force.
+2° NWA.
2.a.4.b. Nosewheel Steering +0.9 daN (2 1bf) Ground. Record results of an uninterrupted control sweep to
Controller Force breakout. the stops.

+1.3 daN (3 Ibf) or

9€€81
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+10% of force.

versus force

+10% of force.

deflection. Computer output results may be used
to show compliance.

2.a.5 Rudder Pedal 4+2° NWA. Ground. Record results of an uninterrupted control sweep to
Steering Calibration. the stops.

2.2.6. Pitch Trim Indicator | L 50 ¢rim angle. Ground. The purpose of the test is to
vs. Surface Position compare FSTD surface position
Calibration. indicator against the FSTD flight

controls model computed value.

2.a.7. Pitch Trim Rate. +10% of trim rate (°/s) Ground and approach. Trim rate to be checked at pilot primary induced

or trim rate (ground) and autopilot or pilot primary
trim rate in-flight at go-around flight conditions.
+0.1/s trim rate.
For CCA, representative flight test conditions must
be used.

2.a.8. Alignment of cockpit | When matching engine Ground. Simultaneous recording for all engines. The Data from a test airplane or
throttle lever versus parameters: tolerances apply against airplane data. engineering test bench are
selected engine acceptable, provided the correct
parameter. +5° of TLA. For airplanes with throttle detents, all detents to engine controller (both hardware

be presented and at least one position between and software) is used.
When matching detents: detents/ endpoints (where practical). For

airplanes without detents, end points and at least In the case of propeller-driven
+3% N1 or +.03 EPR or three other positions are to be presented. airplanes, if an additional lever,
+3% torque, or usually referred to as the
+£3% maximum rated propeller lever, is present, it
manifold pressure, or should also be checked. This test

. ’ may be a series of snapshot tests.

equivalent.
Where the levers do not
have angular travel, a
tolerance of £2 cm
(0.8 in) applies.

2.2.9.a. Brake pedal position | 2.2 daN (5 Ibf) or Ground. Relate the hydraulic system pressure to pedal FTD computer output results
versus force and +10% of force. position in a ground static test. may be used to show
brake system compliance.
pressure calibration. +1.0 MPa (150 psi) or Both left and right pedals must be checked.

+10% of brake system
pressure.
2.a.9.b. Brake pedal position +2.2 daN (5 Ibf) or Ground. Two data points are required: zero and maximum FTD computer output results

may be used to show
compliance.

Test not required unless RTO
credit is sought.
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2.b. Dynamic Control Tests. | |
Note.— Tests 2.b.1, 2.b.2 and 2.b.3 are not applicable for FTDs where the control forces are completely generated within the
airplane controller unit installed in the FTD. Power setting may be that required for level flight unless otherwise specified. See
paragraph 4 of Appendix A, Attachment 2.
2.b.1. Pitch Control. For underdamped Takeoff, Cruise, and Data must be for normal control displacements in n = the sequential period of a

systems:

T(Py) £10% of Py or
+0.05 s.

T(Py) £20% of P, or
+0.05 s.

T(P,) £30% of P, or
+0.05 s.

T(P,) £10*(n+1)% of P,
or £0.05 s.

T(An) £10% of Apas,
where A,y 1S the largest
amplitude or £0.5% of
the total control travel
(stop to stop).

T(Ag) £5% of Ag =
residual band or £0.5%
of the maximum control
travel = residual band.

+1 significant
overshoots (minimum of
1 significant overshoot).

Steady state position
within residual band.

Note 1.— Tolerances
should not be applied on
period or amplitude
after the last significant
overshoot.

Landing.

both directions (approximately 25% to 50% of
full throw or approximately 25% to 50% of
maximum allowable pitch controller deflection
for flight conditions limited by the maneuvering
load envelope).

Tolerances apply against the absolute values of
each period (considered independently).

full oscillation.

Refer to paragraph 4 of
Appendix A, Attachment 2 for
additional information.

For overdamped and critically
damped systems, see Figure
A2B of Appendix A for an
illustration of the reference
measurement.

8€E8T
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Note 2.—
Oscillations within the
residual band are not
considered significant
and are not subject to
tolerances.

For overdamped and
critically damped
systems only, the
following tolerance
applies:

T(Py) £10% of P, or
+0.05 s.

2.b.2. Roll Control. Same as 2.b.1. Takeoff, Cruise, and Data must be for normal control displacement Refer to paragraph 4 of
Landing. (approximately 25% to 50% of full throw or Appendix A, Attachment 2 for
approximately 25% to 50% of maximum additional information.
allowable roll controller deflection for flight
conditions limited by the maneuvering load For overdamped and critically
envelope). damped systems, see Figure
A2B of Appendix A for an
illustration of the reference
measurement.
2.b.3. Yaw Control. Same as 2.b.1. Takeoff, Cruise, and Data must be for normal control displacement Refer to paragraph 4 of
Landing. (approximately 25% to 50% of full throw). Appendix A, Attachment 2 for
additional information.
For overdamped and critically
damped systems, see Figure
A2B of Appendix A for an
illustration of the reference
measurement.
2.b.4. Small Control Inputs +0.15°/s body pitch rate | Approach or Landing. Control inputs must be typical of minor

— Pitch.

or £20% of peak body
pitch rate applied
throughout the time
history.

corrections made while established on an ILS
approach (approximately 0.5 to 2°/s pitch rate).

Test in both directions.

Show time history data from 5 s before until at
least 5 s after initiation of control input.

If a single test is used to demonstrate both
directions, there must be a minimum of 5 s before
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control reversal to the opposite direction.

CCA: Test in normal and non-normal control state.

2.b.5 Small Control Inputs | +0.15°/s body roll rate or | Approach or landing. Control inputs must be typical of minor
—Roll. +20% of'peak body roll corrections made while established on an ILS
rate applied throughout approach (approximately 0.5 to 2°/s roll rate).
the time history.
Test in one direction. For airplanes that exhibit
non-symmetrical behavior, test in both directions.
Show time history data from 5 s before until at
least 5 s after initiation of control input.
If a single test is used to
demonstrate both directions, there must be a
minimum of 5 s before control reversal to the
opposite direction.
CCA: Test in normal and non-normal control
state.
2.b.6. Small Control Inputs | +0.15%s body yaw rate Approach or landing. Control inputs must be typical of minor
- Yaw. or £20% ol peak body corrections made while established on an ILS
yaw rate applleq approach (approximately 0.5 to 2°/s yaw rate).
throughout the time
history. Test in both directions.
Show time history data from 5 s before until at
least 5 s after initiation of control input.
If a single test is used to demonstrate both
directions, there must be a minimum of 5 s before
control reversal to the opposite direction.
CCA: Test in normal and non-normal control
state.
2.c. Longitudinal Control Tests.
Power setting is that required for level flight unless otherwise specified.
2.c.l.a. Power Change +3 kt airspeed. Approach. Power change from thrust for approach or level
Dynamics. +30 m (100 ft) altitude. flight to maximum continuous or go-around
+1.5° or £20% of pitch power.
angle.

Time history of uncontrolled free response for a

0v€8T
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time increment equal to at least 5 s before
initiation of the power change to the completion
of the power change

+15s.

CCA: Test in normal and non-normal control
mode

2.c.1.b. Power Change Force. | +51b (2.2 daN) or, Approach. May be a series of snapshot test results. Power
+20% pitch control change dynamics test as described in test 2.c.1.a.
force. will be accepted.
CCA: Test in Normal and Non-normal control
mode.
2.c.2.a. Flap/Slat Change +3 kt airspeed. Takeoff through initial Time history of uncontrolled free response for a
Dynamics. flap retraction, and time increment equal to at least 5 s before
+30 m (100 ft) altitude. approach to landing,. initiation of the reconfiguration change to the
completion of the reconfiguration change + 15 s.
+1.5° or £20% of pitch
angle. CCA: Test in normal and non-normal control
mode
2.c.2.b. Flap/Slat Change +51b (2.2 daN) or, Takeoff through initial May be a series of snapshot test results. Flap/Slat
Force. +20% pitch control flap retraction, and change dynamics test as described in test 2.c.2.a.
force. approach to landing. will be accepted.
CCA: Test in Normal and Non-normal control
mode.
2.¢.3. Spoiler/Speedbrake +3 kt airspeed. Cruise. Time history of uncontrolled free response for a
Change Dynamics. time increment equal to at least 5 s before
+30 m (100 ft) altitude. initiation of the configuration change to the
completion of the configuration change +15 s.
+1.5° or £20% of pitch
angle. Results required for both extension and
retraction.
CCA: Test in normal and non-normal control
mode
2.c.4.a. Gear Change +3 kt airspeed. Takeoff (retraction), and | Time history of uncontrolled free response for a
Dynamics. Approach (extension). time increment equal to at least 5 s before
+30 m (100 ft) altitude. initiation of the configuration change to the
completion of the configuration change
+1.5° or +£20% of pitch +15s.
angle.
CCA: Test in normal and non-normal control
mode
2.c.4.b. Gear Change Force. +51b (2.2 daN) or, Takeoff (retraction) and | May be a series of snapshot test results. Gear
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+20% pitch control
force.

Approach (extension).

change dynamics test as described in test 2.c.4.a.
will be accepted.

CCA: Test in Normal and Non-normal control
mode.

2.c.5 Longitudinal Trim. +1° elevator angle. Cruise, Approach, and Steady-state wings level trim with thrust for level
Landing. flight. This test may be a series of snapshot tests.
+0.5° stabilizer or trim
surface angle. Level 5 FTD may use equivalent stick and trim
controllers in lieu of elevator and trim surface.
+1° pitch angle.
CCA: Test in normal or non-normal control
£5% of net thrust or mode, as applicable.
equivalent.
2.¢.6. Longitudinal +2.2 daN (5 Ibf) or Cruise, Approach, and Continuous time history data or a series of
Maneuvering +10% of pitch controller | Landing. snapshot tests may be used.
Stability (Stick force.
Force/g). Test up to approximately 30° of roll angle for
Alternative method: approach and landing configurations. Test up to
approximately 45° of roll angle for the cruise
+1° or £10% of the configuration.
change of elevator angle.
Force tolerance not applicable if forces are
generated solely by the use of airplane hardware
in the FTD.
Alternative method applies to airplanes which do
not exhibit stick-force-per-g characteristics.
CCA: Test in normal or non-normal control mode
2.¢.7. Longitudinal Static +2.2 daN (5 Ibf) or Approach. Data for at least two speeds above and two speeds

Stability.

+10% of pitch controller
force.

Alternative method:

+1° or £10% of the
change of elevator angle.

below trim speed. The speed range must be
sufficient to demonstrate stick force versus speed
characteristics.

This test may be a series of snapshot tests.
Force tolerance is not applicable if forces are
generated solely by the use of airplane hardware

in the FTD.

Alternative method applies to airplanes which do
not exhibit speed stability characteristics.

chest
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Level 5 must exhibit positive static stability, but
need not comply with the numerical tolerance.

CCA: Test in normal or non-normal control mode,
as applicable.

2.c.8.a. |Approach to Stall +3 kt airspeed for initial | Second Segment Climb, | Each of the following stall entry methods must be Tests may be conducted at
ICharacteristics buffet, stall warning, High Altitude Cruise demonstrated in at least one of the three required centers of gravity typically
and stall speeds. (Near Performance flight conditions: required for airplane
Limited Condition), and = Stall entry at wings level (1g) certification stall testing.
Control inputs must be Approach or Landing = Stall entry in turming flight of at least 25°
plotted and demonstrate bank angle (accelerated stall)
correct trend and = Stall entry in a power-on condition (required
magnitude. only for turboprop aircraft)
+2.0° pitch angle The required cruise condition must be conducted
+2.0° angle of attack in a flaps-up (clean) configuration. The second
+2.0° bank angle segment climb and approach/landing conditions
£2.0° sideslip angle must be conducted at different flap settings.
Additionally, for those For airplanes that exhibit stall buffet as the first
simulators with indication of a stall, for qualification of this task,
reversible flight control the FTD must be equipped with a vibration system
systems: that meets the applicable subjective and objective
+10%or+51b (2.2 requirements in Appendix A of this Part.
daN)) Stick/Column
force (prior to “g break”
only).
2.c.8.b. [Stall Warning (actuation | %3 kts. airspeed, Second Segment Climb, | The stall maneuver must be entered with thrust at
lof stall warning device.) [ +2° bank for speeds and Approach or or near idle power and wings level (1g). Record
greater than actuation of | Landing. the stall warning signal and initial buffet if
stall warning device or applicable.
initial buffet.
CCA: Test in Normal and Non-normal control
states.
2.c.9.a. Phugoid Dynamics. +10% of period. Cruise. Test must include three full cycles or that
necessary to determine time to one half or double
+10% of time to one half amplitude, whichever is less.
or double amplitude or
+0.02 of damping ratio. CCA: Test in non-normal control mode.
2.¢.9.b. Phugoid Dynamics. £10% period, Cruise. The test must incll{de whicheye_:r is less of the
Representative foll(‘)wmg‘: Three full cycles (six overshoots after
. the input is completed), or the number of cycles
damping.

sufficient to determine representative damping.
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CCA: Test in non-normal control mode.

2.c.10 Short Period +1.5° pitch angle or Cruise. CCA: (Level 7 FTD) Test in normal and non-

Dynamics. +2°/s pitch rate. normal control mode.
(Level 6 FTD) Test in non-normal control mode.
+0.1 g normal
acceleration
2.c.11. (Reserved)
2.d. Lateral Directional Tests.
Power setting is that required for level flight unless otherwise specified.

2.d.1. Minimum control +3 kt airspeed. Takeoff or Landing Takeoff thrust must be set on the operating Minimum speed may be defined
speed, air (Vi) or (whichever is most engine(s). by a performance or control
landing (Vina), per critical in the airplane). limit which prevents
appllcab!e Time history or snapshot data may be used. demonstration of Ve, or Vi in
alrwgnhlness the conventional manner.
requirement or low . .
speed engine- CCA: Test in normal or non-normal control state,
inoperative handling as applicable.
characteristics in the
air.

2.d.2. Roll Response 42°/s or £10% of roll Cruise, and Approach or | Test with normal roll control displacement
(Rate). rate. Landing. (approximately one-third of maximum roll

controller travel).

For airplanes with . . . .

. . This test may be combined with step input of
reversible flight control flight deck roll controller test 2.d.3.
systems (Level 7 FTD
only):
+1.3 daN (3 Ibf) or
+10% of wheel force.

2.d.3. Step input of flight +2° or £10% of roll Approach or Landing. This test may be combined with roll response With wings level, apply a step

deck roll controller. angle. (rate) test 2.d.2. roll control input using
approximately one-third of the
CCA: (Level 7 FTD) Test in normal and non- roll controller travel. When
normal control mode. reaching approximately 20° to
30° of bank, abruptly return the
(Level 6 FTD) Test in non-normal control mode. roll controller to neutral and
allow approximately 10 seconds
of airplane free response.
2.d.4.a. Spiral Stability. Correct trend and £2° or | Cruise, and Approach or | Airplane data averaged from multiple tests may

+10% of roll angle in 20
S.

Landing.

be used.

vrestL
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If alternate test is used:
correct trend and +2°
aileron angle.

Test for both directions.

As an alternative test, show lateral control
required to maintain a steady turn with a roll
angle of approximately 30°.

CCA: Test in non-normal control mode.

2.d.4.b. Spiral Stability. Correct trend and £3° or | Cruise Airplane data averaged from multiple tests may
+10% of roll angle in 20 be used.
S.
Test for both directions.
As an alternative test, show lateral control
required to maintain a steady turn with a roll
angle of approximately 30°.
CCA: Test in non-normal control mode.
2.d.4.c. Spiral Stability. Correct trend Cruise Airplane data averaged from multiple tests may
be used.
CCA: Test in non-normal control mode.
2.d.5. Engine Inoperative £1° rudder angle or £1° | Second Segment Climb, | This test may consist of snapshot tests. Test should be performed in a
Trim. tab angle or equivalent and A_pproach or manner similar to that for which
rudder pedal. Landing. a pilot is trained to trim an
engine failure condition.
+2° side-slip angle.
2nd segment climb test should
be at takeoff thrust. Approach or
landing test should be at thrust
for level flight.
2.d.6.a. Rudder Response. +2°/s or £10% of yaw Approach or Landing. For Level 7 FTD: Test with stability
rate. augmentation on and off.
Test with a step input at approximately 25% of
full rudder pedal throw.
Not required if rudder input and response is
shown in Dutch Roll test (test 2.d.7).
CCA: Test in normal and non-normal control
mode
2.d.6.b. Rudder Response. Roll rate +2°/sec, bank Approach or Landing. May be accomplished as a yaw

angle +3°.

May be roll response to a given rudder deflection.

response test, in which case the
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CCA: Test in Normal and Non-normal control
states.

procedures and requirements of
test 2.d.6.a. will apply.

2.d.7.

Dutch Roll

+0.5 s or £10% of
period.

+10% of time to one
half or double amplitude
or £.02 of damping
ratio.

(Level 7 FTD only): +1
s or £20% of time
difference between
peaks of roll angle and
side-slip angle.

Cruise, and Approach or
Landing.

Test for at least six cycles with stability
augmentation off.

CCA: Test in non-normal control mode.

2.d8.

Steady State Sideslip.

For a given rudder
position:

+2° roll angle;
+1° side-slip angle;

+2° or £10% of aileron
angle; and

+5° or £10% of spoiler
or equivalent roll
controller position or
force.

For airplanes with
reversible flight control
systems (Level 7 FTD
only):

+1.3 daN (3 Ibf) or
+10% of wheel force.

+2.2 daN (5 Ibf) or
+10% of rudder pedal
force.

Approach or Landing.

This test may be a series of snapshot tests using
at least two rudder positions (in each direction for
propeller-driven airplanes), one of which must be
near maximum allowable rudder.

(Level 5 and Level 6 FTD only): Sideslip angle is
matched only for repeatability and only on
continuing qualification evaluations.

97€8T
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2.e.

Landings.

2.e.1.

Normal Landing.

+3 kt airspeed.
+1.5° pitch angle.
+1.5° AOA.

+3 m (10 ft) or £10% of
height.

For airplanes with
reversible flight control
systems:

+2.2 daN (5 Ibf) or
+10% of column force.

Landing.

Test from a minimum of 61 m (200 ft) AGL to
nosewheel touchdown.

CCA: Test in normal and
non-normal control mode, if applicable.

Two tests should be shown,
including two normal landing
flaps (if applicable) one of
which should be near maximum
certificated landing mass, the
other at light or medium mass.

Minimum Flap
Landing.

+3 kt airspeed.
+1.5° pitch angle.
+1.5° AOA.

+3 m (10 ft) or £10% of
height.

For airplanes with
reversible flight control
systems:

+2.2 daN (5 1bf) or
+10% of column force.

Minimum Certified
Landing Flap
Configuration.

Test from a minimum of 61 m (200 ft) AGL to
nosewheel touchdown.

Test at near maximum certificated landing weight.

Crosswind Landing.

+3 kt airspeed.
+1.5° pitch angle.
+1.5° AOA.

+3 m (10 ft) or £10% of
height.

+2° roll angle.

Landing.

Test from a minimum of 61 m (200 ft) AGL to a
50% decrease in main landing gear touchdown
speed.

It requires test data, including wind profile, for a
crosswind component of at least 60% of airplane
performance data value measured at 10 m (33 ft)
above the runway.

Wind components must be provided as headwind

In those situations where a
maximum crosswind or a
maximum demonstrated
crosswind is not known, contact
the NSPM.
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+2° side-slip angle.
+3° heading angle.

For airplanes with
reversible flight control
systems:

+2.2 daN (5 Ibf) or
+10% of
column force.

+1.3 daN (3 Ibf) or
+10% of wheel force.

+2.2 daN (5 1bf) or
+10% of rudder pedal
force.

and crosswind values with respect to the runway.

One Engine
Inoperative Landing.

+3 kt airspeed.
+1.5° pitch angle.
+1.5° AOA.

+3 m (10 ft) or £10% of
height.

+2° roll angle.
+2° side-slip angle.

+3° heading angle.

Landing.

Test from a minimum of 61 m (200 ft) AGL to a
50% decrease in main landing gear touchdown
speed.

Autopilot landing (if
applicable).

+1.5 m (5 ft) flare
height.

+0.5 s or £ 10% of Tf.
+0.7 m/s (140 ft/min)

rate of descent at
touchdown.

Landing.

If autopilot provides roll-out guidance, record
lateral deviation from touchdown to a 50%
decrease in main landing gear touchdown speed.

Time of autopilot flare mode engage and main
gear touchdown must be noted.

See Appendix F of this part for
definition of Ty.

87€8T
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+3 m (10 ft) lateral
deviation during roll-
out.

2.¢.6. All-engine autopilot +3 kt airspeed. As per airplane Normal all-engine autopilot go-around must be
go-around. performance data. demonstrated (if applicable) at medium weight.
+1.5° pitch angle.
+1.5° AOA.
2.e7. One engine +3 kt airspeed. As per airplane Engine inoperative go-around required near
moperative go performance data. maximum certificated landing weight with
around. +1.5° pitch angle. critical engine inoperative.
+1.5° AOA. Provide one test with autopilot (if applicable) and
one without autopilot.
+2° roll angle.
) . CCA: Non-autopilot test to be conducted in non-
+2° side-slip angle. normal mode.
2.e.8. Directional control +35 kt airspeed. Landing. Apply rudder pedal input in both directions using
(rudder effectiveness) full reverse thrust until reaching full thrust
with symmetric +£2°/s yaw rate. reverser minimum operating speed.
reverse thrust.
2.e.9. Directional control +5 kt airspeed. Landing. With full reverse thrust on the operating
(rudder effectiveness) engine(s), maintain heading with rudder pedal
with asymmetric o . input until maximum rudder pedal input or thrust
+3° heading angle. - - .
reverse thrust. reverser minimum operation speed is reached.
2.1. Ground Effect.
Test to demonstrate +1° elevator angle. Landing. A rationale must be provided with justification of See paragraph on Ground Effect
Ground Effect. results. in this attachment for additional

+0.5° stabilizer angle.

+5% of net thrust or
equivalent.

+1° AOA.

+1.5m (5 ft) or £10%
of height.

+3 kt airspeed.

+1° pitch angle.

CCA: Test in normal or non-normal control
mode, as applicable.

information.
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2.g. Reserved
2.h. Flight Maneuver and Envelope Protection Functions.
Note. — The requirements of 2.h are only applicable to computer-controlled airplanes. Time history results of response
to control inputs during entry into each envelope protection function (i.e. with normal and degraded control states if their function
is different) are required. Set thrust as required to reach the envelope protection function.
2.h.1. Overspeed. +5 kt airspeed. Cruise. X
2.h.2. Minimum Speed. +3 kt airspeed. Takeoff, Cruise, and X
Approach or Landing.
2.h.3. Load Factor. +0.1g normal load factor | Takeoff, Cruise. X
2.h4. Pitch Angle. +1.5° pitch angle Cruise, Approach. X
2.h.5. Bank Angle. +2° or £10% bank angle | Approach. X
2.h.6. Angle of Attack. +1.5° angle of attack Second Segment Climb, X
and Approach or
Landing.
3. Reserved
4. Visual System.
4.a. Visual scene quality
4.a.1. Continuous cross- Visual display providing | Not applicable. Required as part of MQTG but not required as X | Field of view should be
cockpit visual field of | each pilot with a part of continuing evaluations. measured using a visual test
VIEw. minimum of 17600 pattern filling the entire visual
horl_zontal aqd 36 scene (all channels) consisting of
vertical continuous ficld a matrix of black and white 5°
of view.
squares.
Installed alignment should be
confirmed in an SOC (this
would generally consist of
results from acceptance testing).
4.a.2. System Geometry Geometry of image X
should have no
distracting
discontinuities.
4.a3 Surface resolution Not greater than 4 arc Not applicable. X | Resolution will be demonstrated

(object detection).

minutes.

by a test of objects shown to
occupy the required visual angle
in each visual display used on a
scene from the pilot’s eyepoint.

The object will subtend 4 arc
minutes to the eye.

This may be demonstrated using
threshold bars for a horizontal
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test.

A vertical test should also be
demonstrated.

The subtended angles should be
confirmed by calculations in an
SOC.

Light point size.

Not greater than 8 arc
minutes.

Not applicable.

Light point size should be
measured using a test pattern
consisting of a centrally located
single row of white light points
displayed as both a horizontal
and vertical row.

It should be possible to move the
light points relative to the
eyepoint in all axes.

At a point where modulation is

just discernible in each visual

channel, a calculation should be
made to determine the light
spacing.

An SOC is required to state test
method and calculation.

Raster surface
contrast ratio.

Not less than 5:1.

Not applicable.

Surface contrast ratio should be
measured using a raster drawn
test pattern filling the entire
visual scene (all channels).

The test pattern should consist of

black and white squares, 5° per
square, with a white square in
the center of each channel.

Measurement should be made on
the center bright square for each
channel using a 1° spot
photometer. This value should
have a minimum brightness of 7
cd/m? (2 ft-lamberts). Measure
any adjacent dark squares.
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The contrast ratio is the bright
square value divided by the dark
square value.

Note 1. — During contrast
ratio testing, FTD aft-cab and
Sight deck ambient light levels
should be as low as possible.

Note 2. — Measurements
should be taken at the center of
squares to avoid light spill into
the measurement device.

Light point contrast
ratio.

Not less than 10:1.

Not applicable.

Light point contrast ratio should
be measured using a test pattern
demonstrating an area of greater
than 1° area filled with white
light points and should be
compared to the adjacent
background.

Note. — Light point
modulation should be just
discernible on calligraphic
systems but will not be
discernable on raster systems.

Measurements of the
background should be taken
such that the bright square is just
out of the light meter FOV.

Note. — During contrast
ratio testing, FTD aft-cab and
Slight deck ambient light levels
should be as low as practical.

Light point
brightness.

Not less than 20 cd/m?
(5.8 ft-lamberts).

Not applicable.

Light points should be displayed
as a matrix creating a square.

On calligraphic systems the light
points should just merge.

CSE8T
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On raster systems the light
points should overlap such that
the square is continuous
(individual light points will not
be visible).

4.a.8 Surface brightness. Not less than 14 cd/m’ Not applicable. Surface brightness should be
(4.1 fi-lamberts) on the measured on a white raster,
display. measuring the brightness using

the 1° spot photometer.

Light points are not acceptable.
Use of calligraphic capabilities
to enhance raster brightness is
acceptable.

4.b Head-Up Display

(HUD)

4.b.1 Static Alignment. Static alignment with Alignment requirement only
displayed image. applies to the pilot flying.
HUD bore sight must
align with the center of
the displayed image
spherical pattern.

Tolerance +/- 6 arc min.

4.b.2 System display. All functionality in all A statement of the system
flight modes must be capabilities should be provided
demonstrated. and the capabilities

demonstrated

4.b.3 HUD attitude versus | Pitch and roll align with | Flight Alignment requirement only

FTD attitude aircraft instruments. applies to the pilot flying.
indicator (pitch and
roll of horizon).
4.c Enhanced Flight
Vision System
(EFVS)
4.c.1 Registration test. Alignment between Takeoff point and on

EFVS display and out of
the window image must
represent the alignment
typical of the aircraft

approach at 200 ft.

Alignment requirement only
applies to the pilot flying.

Note.— The effects of the
alignment tolerance in 4.b.1
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and system type.

should be taken into account.

4.c.2 EFVS RVR and The scene represents the | Flight Infra-red scene representative of
visibility calibration. EFVS view at 350 m both 350 m (1,200 ft), and
(1,200 ft) and 1,609 m 1,609 m (1 sm) RVR.
(1 sm) RVR including
correct light intensity. Visual scene may be removed.
4.c.3 Thermal crossover. Demonstrate thermal Day and night The scene will correctly
crossover effects during represent the thermal
day to night transition. characteristics of the scene
during a day to night transition.
4.d Visual ground segment
4.d.1 Visual ground Near end: the correct Trimmed in the landing | This test is designed to assess items impacting the Pre-position for this test is
segment (VGS). number of approach configuration at 30 m accuracy of the visual scene presented to a pilot encouraged but may be achieved
lights within the (100 ft) wheel height at DH on an ILS approach. via manuql or autppi]ot control
computed VGS must be abov§ touchdown zone These items include: to the desired position.
visible. on glide s}ope at an
RVR setting of 300 m 1) RVR/Visibility:
(1,000 ft) or 350 m
Far end: £20% of the (1,200 ft).
computed VGS. ’ 2) glide slope (G/S) and localizer modeling
accuracy (location and slope) for an ILS;
The threshold lights
computed to be visible 3) for a given weight, configuration and speed
must be visible in the representative of a point within the airplane’s
FTD. operational envelope for a normal approach and
landing; and
4) Radio altimeter.
Note. — If non-homogeneous fog is
used, the vertical variation in horizontal visibility
should be described and included in the slant
range visibility calculation used in the VGS
computation.
4.¢ Visual System
Capacity
4.e.1 System capacity — Not less than: 10,000 Not applicable Demonstrated through use of a
Day mode. visible textured visual scene rendered with the

surfaces, 6,000 light
points, 16 moving
models.

same image generator modes
used to produce scenes for
training.

The required surfaces, light
points, and moving models

PeestL
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should be displayed
simultaneously.

System capacity — Not less than: 10,000 Not applicable
Twilight/night mode. | vigible textured
surfaces, 15,000 light
points, 16 moving
models.

Demonstrated through use of a
visual scene rendered with the
same image generator modes
used to produce scenes for
training.

The required surfaces, light
points, and moving models
should be displayed
simultaneously.

5. Sound System.

The sponsor will not be required to repeat the operational sound tests (i.e., tests 5.a.1. through 5.a.8. (or 5.b.1. through 5.b.9.) and 5.c., as
appropriate) during continuing qualification evaluations if frequency response and background noise test results are within tolerance when
compared to the initial qualification evaluation results, and the sponsor shows that no software changes have occurred that will affect the FTD’s
sound system. If the frequency response test method is chosen and fails, the sponsor may elect to fix the frequency response problem and repeat
the test or the sponsor may elect to repeat the operational sound tests. If the operational sound tests are repeated during continuing qualification
evaluations, the results may be compared against initial qualification evaluation results. All tests in this section must be presented using an
unweighted 1/3-octave band format from band 17 to 42 (50 Hz to 16 kHz). A minimum 20 second average must be taken at a common location
from where the initial evaluation sound results were gathered.

5.a.

Turbo-jet airplanes.

All tests in this section should be
presented using an unweighted
1/3-octave band format from at
least band 17 to 42 (50 Hz to 16
kHz).

A measurement of minimum 20
s should be taken at the location
corresponding to the approved
data set.

Refer to paragraph 7 of
Appendix A, Attachment 2.

5.a.1.

Ready for engine Initial evaluation: Ground. Normal condition prior to engine start.
start. Subjective assessment
of 1/3 octave bands. The APU must be on if appropriate.

Recurrent evaluation:
cannot exceed 5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
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average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

All engines at idle.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Ground.

Normal condition prior to takeoff.

All engines at
maximum allowable
thrust with brakes
set.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Ground.

Normal condition prior to takeoff.

Climb

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the

En-route climb.

Medium altitude.

9¢6€81
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average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Cruise

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed +5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Cruise.

Normal cruise configuration.

Speed brake/spoilers
extended (as
appropriate).

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Cruise.

Normal and constant speed brake deflection for

descent at a constant airspeed and power setting.

Initial approach.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the

Approach.

Constant airspeed,
gear up,
flaps/slats as appropriate.
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average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

5.a.8 Final approach. Initial evaluation: Landing. Constant airspeed,
Subjective assessment gear down, landing
of 1/3 octave bands. configuration flaps.
Recurrent evaluation:
cannot exceed +5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

5.b Propeller-driven airplanes All tests in this section should be
presented using an unweighted
1/3-octave band format from at
least band 17 to 42 (50 Hz to
16 kHz).

A measurement of minimum 20

s should be taken at the location

corresponding to the approved

data set.

Refer to paragraph 7 of

Appendix A, Attachment 2.
5.b.1. Ready for engine Initial evaluation: Ground. Normal condition prior to engine start.

start.

Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed +5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute

The APU must be on if appropriate.

8G€8T
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differences between
initial and recurrent
evaluation results

cannot exceed 2 dB.

All propellers
feathered, if
applicable.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Ground.

Normal condition prior to take-off.

Ground idle or
equivalent.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Ground.

Normal condition prior to takeoff.

Flight idle or
equivalent.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute

Ground.

Normal condition prior to takeoff.
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differences between
initial and recurrent
evaluation results

cannot exceed 2 dB.

All engines at
maximum allowable
power with brakes
set.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Ground.

Normal condition prior to takeoft.

Climb.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

En-route climb.

Medium altitude.

Cruise

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute

Cruise.

Normal cruise configuration.

09€81

suorie[nday pue SOy /910Z ‘0 YOIB]N ‘ABPSauUpPaj) /19 ‘ON ‘I8 '[OA /JI9)ISISay [eIapajg



differences between
initial and recurrent
evaluation results

cannot exceed 2 dB.

Initial approach.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed =5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Approach.

Constant airspeed,
gear up,
flaps extended as appropriate,

RPM as per operating manual.

Final approach.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute
differences between
initial and recurrent
evaluation results
cannot exceed 2 dB.

Landing.

Constant airspeed,
gear down, landing
configuration flaps,

RPM as per operating manual.

Special cases.

Initial evaluation:
Subjective assessment
of 1/3 octave bands.

Recurrent evaluation:
cannot exceed £5 dB
difference on three
consecutive bands when
compared to initial
evaluation and the
average of the absolute

As appropriate.

This applies to special steady-
state cases identified as
particularly significant to the
pilot, important in training, or
unique to a specific airplane type
or model.
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differences between
initial and recurrent
evaluation results

cannot exceed 2 dB.

5.d FTD background Initial evaluation: Results of the background noise at initial The simulated sound will be
noise background noise levels qualification must be included in the QTG evaluated to ensure that the
must fall below the document and approved by the NSPM. background noise does not
sound levels described The measurements are to be made with the interfere with training.
in Appendix A, simulation running, the sound muted and a dead
Attachment 2, cockpit. Refer to paragraph 7 of this
Paragraph 7.c (5). Appendix A, Attachment 2.
Recurrent evaluation: This test should be presented
+3 dB per 1/3 octave using an unweighted 1/3 octave
band compared to initial band format from band 17 to 42
evaluation. (50 Hz to 16 kHz).
5.e Frequency response | Initial evaluation: not Only required if the results are to
applicable. be used during continuing
qualification evaluations in lieu
Recurrent evaluation: of airplane tests.
cannot exceed £5 dB
difference on three The results must be approved by
consecutive bands when the NSPM during the initial
compared to initial qualification.
evaluation and the
average of the absolute This test should be presented
differences between using an unweighted 1/3 octave
initial and recurrent band format from band 17 to 42
evaluation results (50 Hz to 16 kHz).
cannot exceed 2 dB.
6 SYSTEMS
INTEGRATION
6.a. System response
time
6.a.1 Transport delay. Instrument response: Pitch, roll and yaw. One separate test is required in

100 ms (or less) after
airplane response.

Visual system response:
120 ms (or less) after
airplane response.

each axis.

Where EFVS systems are

installed, the EFVS response
should be within + or - 30 ms
from visual system response,

c9€8T

suorie[nday pue SOy /910Z ‘0 YOIB]N ‘ABPSauUpPaj) /19 ‘ON ‘I8 '[OA /JI9)ISISay [eIapajg



and not before motion system
response.

Note.— The delay from the
airplane EFVS electronic
elements should be added to the
30 ms tolerance before
comparison with visual system
reference.

6.2.2

Transport delay.

300 milliseconds or less
after controller
movement.

Pitch, roll and yaw.

If transport delay is the chosen
method to demonstrate relative
responses, the sponsor and the
NSPM will use the latency
values to ensure proper FTD
response when reviewing those
existing tests where latency can
be identified (e.g., short period,
roll response, rudder response).
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1. Performance.
l.c Climb.
l.c.1. Normal climb with nominal gross weight, at best rate-of-climb Climb rate = 500 - 1200 fpm (2.5 - 6 m/sec).
airspeed.
1.f. Engines.
1.f.1. Acceleration; idle to takeoff power. 2 - 4 Seconds.
1.£.2. Deceleration; takeoff power to idle. 2 - 4 Seconds.
2. Handling Qualities.
2.c. Longitudinal Tests.
2.c.1. Power change force.
(a) Trim for straight and level flight at 80% of normal cruise 5-151bs (2.2 - 6.6 daN) of force (Push).
airspeed with necessary power. Reduce power to flight idle. Do
not change trim or configuration. After stabilized, record column
force necessary to maintain original airspeed.
OR
(b) Trim for straight and level flight at 80 percent of normal cruise | 5- 15 1bs (2.2 - 6.6 daN) of force (Pull).
airspeed with necessary power. Add power to maximum setting.
Do not change trim or configuration. After stabilized, record
column force necessary to maintain original airspeed.
2.c.2. Flap/slat change force.
(a) Trim for straight and level flight with flaps fully retracted ata | 5 - 15 Ibs (2.2 - 6.6 daN) of force (Push).
constant airspeed within the flaps-extended airspeed range. Do
not adjust trim or power. Extend the flaps to 50 percent of full
flap travel. After stabilized, record stick force necessary to
maintain original airspeed.
OR
b) Trim for straight and level flight with flaps extended to 50% of | 5- 15 1bs (2.2 - 6.6 daN) of force (Pull).
full flap travel, at a constant airspeed within the flaps-extended
airspeed range. Do not adjust trim or power. Retract the flaps to
zero. After stabilized, record stick force necessary to maintain
original airspeed.
2.c.4. Gear change force.

79€8T
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(a) Trim for straight and level flight with landing gear retracted at
a constant airspeed within the landing gear-extended airspeed
range. Do not adjust trim or power. Extend the landing gear.
After stabilized, record stick force necessary to maintain original
airspeed.

2 -12 Ibs (0.88 - 5.3 daN) of force (Push).

OR

(b) Trim for straight and level flight with landing gear extended, at
a constant airspeed within the landing gear-extended airspeed
range. Do not adjust trim or power. Retract the landing gear.
After stabilized, record stick force necessary to maintain original
airspeed.

2 -12 Ibs (0.88 - 5.3 daN) of force (Pull).

2.c.5. Longitudinal trim. Must be able to trim longitudinal stick force to “zero” in each of the
following configurations: cruise; approach; and landing.
2.c.7. Longitudinal static stability. Must exhibit positive static stability.
2.c.8. Stall warning (actuation of stall warning device) with nominal
gross weight; wings level; and a deceleration rate of not more than
three (3) knots per second.
a) Landing configuration. 40 - 60 knots; + 5° of bank.
b) Clean configuration. Landing configuration speed + 10 - 20%.
2.¢.9.b. Phugoid dynamics. Must have a phugoid with a period of 30 - 60 seconds. May not reach
% or double amplitude in less than 2 cycles.
2.d. Lateral Directional Tests.
2.d.2. Roll response (rate). Must have a roll rate of 4° - 25°/second.
Roll rate must be measured through at least 30 degree of roll.
Aileron control must be deflected 1/3 (33.3 percent) of maximum
travel.
2.d.4.b. Spiral stability. Initial bank angle (+ 5°) after 20 seconds.
Cruise configuration and normal cruise airspeed. Establish a 20
degree - 30 degree bank. When stabilized, neutralize the aileron
control and release. Must be completed in both directions of turn.
2.d.6.b. Rudder response. 2° - 6° /second yaw rate.
Use 25 percent of maximum rudder deflection.
(Applicable to approach or landing configuration.)
2.d.8. Steady state sideslip. 2 percent — 10 percent of bank; 4 percent - 10 percent of sideslip; and

Use 50 percent rudder deflection.
(Applicable to approach and landing configurations.)

2 percent -10 percent of aileron.
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FTD System Response Time.

Flight deck instrument systems response to an abrupt pilot
controller input. One test is required in each axis (pitch, roll,

yaw).

300 milliseconds or less.

99€8T
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1. Performance.
l.c Climb.
l.c.1. Normal climb with nominal gross weight, at best rate-of-climb Climb airspeed = 95 — 115 knots.
airspeed. Climb rate = 500 — 1500 fpm (2.5 — 7.5 m/sec)
Lf. Engines.
1.f.1. Acceleration; idle to takeoff power. 2 - 5 Seconds.
1.£.2. Deceleration; takeoff power to idle. 2 - 5 Seconds.
2. Handling Qualities.
2.c. Longitudinal Tests.
2.c.1. Power change force.
(a) Trim for straight and level flight at 80 percent of normal 10 - 25 1bs (2.2 - 6.6 daN) of force (Push).
cruise airspeed with necessary power. Reduce power to flight
idle. Do not change trim or configuration. After stabilized,
record column force necessary to maintain original airspeed.
OR
(b) Trim for straight and level flight at 80 percent of normal 5-151bs (2.2 - 6.6 daN) of force (Pull).
cruise airspeed with necessary power. Add power to maximum
setting. Do not change trim or configuration. After stabilized,
record column force necessary to maintain original airspeed.
2.c.2. Flap/slat change force.
(a) Trim for straight and level flight with flaps fully retracted ata | 5 - 15 Ibs (2.2 - 6.6 daN) of force (Push).
constant airspeed within the flaps-extended airspeed range. Do
not adjust trim or power. Extend the flaps to 50 percent of full
flap travel. After stabilized, record stick force necessary to
maintain original airspeed.
OR
(b) Trim for straight and level flight with flaps extended to 50 5-151bs (2.2 - 6.6 daN) of force (Pull).
percent of full flap travel, at a constant airspeed within the flaps-
extended airspeed range. Do not adjust trim or power. Retract
the flaps to zero. After stabilized, record stick force necessary to
maintain original airspeed.
2.c4. Gear change force.
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(a) Trim for straight and level flight with landing gear retracted
at a constant airspeed within the landing gear-extended airspeed
range. Do not adjust trim or power. Extend the landing gear.
After stabilized, record stick force necessary to maintain original
airspeed.

2 - 12 1bs (0.88 - 5.3 daN) of force (Push).

OR

(b) Trim for straight and level flight with landing gear extended,
at a constant airspeed within the landing gear-extended airspeed
range. Do not adjust trim or power. Retract the landing gear.
After stabilized, record stick force necessary to maintain original
airspeed.

2 - 12 Ibs (0.88 - 5.3 daN) of force (Pull).

2.c.5. Longitudinal trim. Must be able to trim longitudinal stick force to “zero” in each of the
following configurations: cruise; approach; and landing.
2.c.7. Longitudinal static stability. Must exhibit positive static stability.
2.c.8. Stall warning (actuation of stall warning device) with nominal
gross weight; wings level; and a deceleration rate of not more
than three (3) knots per second.
(a) Landing configuration. 60 - 90 knots; + 5 degree of bank.
(b) Clean configuration. Landing configuration speed + 10 - 20%.
2.¢.9.b. Phugoid dynamics. Must have a phugoid with a period of 30 - 60 seconds. May not reach
Y5 or double amplitude in less than 2 cycles.
2.d. Lateral Directional Tests.
2.d.2. Roll response. Must have a roll rate of 4- 25 degree /second.
Roll rate must be measured through at least 30 degree of roll.
Aileron control must be deflected 1/3 (33.3 percent) of maximum
travel.
2.d.4.b. Spiral stability. Initial bank angle (+ 5 degree) after 20 seconds.
Cruise configuration and normal cruise airspeed. Establish a 20
degree — 30 degree bank. When stabilized, neutralize the aileron
control and release. Must be completed in both directions of
turn.
2.d.6.b. Rudder response. 3 - 6 degree /second yaw rate.
Use 25 percent of maximum rudder deflection.
(Applicable to approach or landing configuration.)
2.d.8. Steady state sideslip. 2 - 10 degree of bank; 4 - 10 degrees of sideslip; and
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Use 50 percent rudder deflection.
(Applicable to approach and landing configurations.)

2 - 10 degree of aileron.

FTD System Response Time.

Flight deck instrument systems response to an abrupt pilot
controller input. One test is required in each axis (pitch, roll,

yaw).

300 milliseconds or less.
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1. Performance.
l.c Climb.
l.c.1. Normal climb with nominal gross weight, at best rate-of-climb Climb airspeed = 95 — 115 knots.
airspeed. Climb rate = 800 — 1800 fpm (4 - 9 m/sec)
Lf. Engines.
1.£.1. Acceleration; idle to takeoff power. 4 - 8 Seconds.
1.£.2. Deceleration; takeoff power to idle. 3 -7 Seconds.
2. Handling Qualities.
2.c. Longitudinal Tests.
2.c.1. Power change force.
a) Trim for straight and level flight at 80 percent of normal cruise | 8 lbs (3.5 daN) of Push force — 8 1bs (3.5 daN) of Pull force.
airspeed with necessary power. Reduce power to flight idle. Do
not change trim or configuration. After stabilized, record column
force necessary to maintain original airspeed.
OR
b) Trim for straight and level flight at 80 percent of normal cruise 12 - 22 1bs (5.3 — 9.7 daN) of force (Pull).
airspeed with necessary power. Add power to maximum setting.
Do not change trim or configuration. After stabilized, record
column force necessary to maintain original airspeed.
2.c.2. Flap/slat change force.
a) Trim for straight and level flight with flaps fully retracted at a 5-151bs (2.2 - 6.6 daN) of force (Push).
constant airspeed within the flaps-extended airspeed range. Do
not adjust trim or power. Extend the flaps to 50 percent of full
flap travel. After stabilized, record stick force necessary to
maintain original airspeed.
OR
b) Trim for straight and level flight with flaps extended to 50 5-151bs (2.2 - 6.6 daN) of force (Pull).
percent of full flap travel, at a constant airspeed within the flaps-
extended airspeed range. Do not adjust trim or power. Retract the
flaps to zero. After stabilized, record stick force necessary to
maintain original airspeed.
2.c4. Gear change force.
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a) Trim for straight and level flight with landing gear retracted at a
constant airspeed within the landing gear-extended airspeed range.
Do not adjust trim or power. Extend the landing gear. After
stabilized, record stick force necessary to maintain original
airspeed.

2 - 12 Ibs (0.88 - 5.3 daN) of force (Push).

OR

b) Trim for straight and level flight with landing gear extended, at
a constant airspeed within the landing gear-extended airspeed
range. Do not adjust trim or power. Retract the landing gear.
After stabilized, record stick force necessary to maintain original
airspeed.

2 - 12 Ibs (0.88 - 5.3 daN) of force (Pull).

2.c.5. Longitudinal trim. Must be able to trim longitudinal stick force to “zero” in each of the
following configurations: cruise; approach; and landing.
2.¢.7. Longitudinal static stability. Must exhibit positive static stability.
2.c.8. Stall warning (actuation of stall warning device) with nominal
gross weight; wings level; and a deceleration rate of not more than
three (3) knots per second.
a) Landing configuration. 60 - 90 knots; + 5 degree of bank.
b) Clean configuration. Landing configuration speed + 10 - 20 percent.
2.¢.9.b. Phugoid dynamics. Must have a phugoid with a period of 30 - 60 seconds. May not reach
V2 or double amplitude in less than 2 cycles.
2.d. Lateral Directional Tests.
2.d.2. Roll response. Must have a roll rate of 4 - 25 degree /second.
Roll rate must be measured through at least 30° of roll. Aileron
control must be deflected 1/3 (33.3 percent) of maximum travel.
2.d.4.c. Spiral stability. Initial bank angle (£ 5 degree) after 20 seconds.
Cruise configuration and normal cruise airspeed. Establish a 20° -
30° bank. When stabilized, neutralize the aileron control and
release. Must be completed in both directions of turn.
2.d.6.b. Rudder response. 3 - 6 degree /second yaw rate.
Use 25 percent of maximum rudder deflection.
(Applicable to approach or landing configuration.)
2.d.8. Steady state sideslip. 2 - 10 degree of bank; 4 - 10 degree of sideslip; and
Use 50 percent rudder deflection. 2 - 10 degree of aileron.
(Applicable to approach and landing configurations.)
6.

FTD System Response Time.
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Flight deck instrument systems response to an abrupt pilot
controller input. One test is required in each axis (pitch, roll,
yaw).

300 milliseconds or less.

CLEST
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1. Performance.
l.c Climb.
1.b.1. Normal climb with nominal gross weight, at best rate-of-climb Climb airspeed = 120 — 140 knots.
airspeed. Climb rate = 1000 — 3000 fpm (5 - 15 m/sec)
Lf. Engines.
1.£.1. Acceleration; idle to takeoff power. 2 - 6 Seconds.
1.£.2. Deceleration; takeoff power to idle. 1 - 5 Seconds.
2. Handling Qualities.
2.c. Longitudinal Tests.
2.c.1. Power change force.
a) Trim for straight and level flight at 80 percent of normal cruise | 8 Ibs (3.5 daN) of Push force to 8 1bs (3.5 daN) of Pull force.
airspeed with necessary power. Reduce power to flight idle. Do
not change trim or configuration. After stabilized, record column
force necessary to maintain original airspeed.
OR
b) Trim for straight and level flight at 80 percent of normal cruise | 12 -22 Ibs (5.3 — 9.7 daN) of force (Pull).
airspeed with necessary power. Add power to maximum setting.
Do not change trim or configuration. After stabilized, record
column force necessary to maintain original airspeed.
2.c.2. Flap/slat change force.
a) Trim for straight and level flight with flaps fully retracted at a 5-151bs (2.2 - 6.6 daN) of force (Push).
constant airspeed within the flaps-extended airspeed range. Do
not adjust trim or power. Extend the flaps to 50 percent of full
flap travel. After stabilized, record stick force necessary to
maintain original airspeed.
OR
b) Trim for straight and level flight with flaps extended to 50 5-151bs (2.2 - 6.6 daN) of force (Pull).
percent of full flap travel, at a constant airspeed within the flaps-
extended airspeed range. Do not adjust trim or power. Retract the
flaps to zero. After stabilized, record stick force necessary to
maintain original airspeed.
2.c.4. Gear change force.
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a) Trim for straight and level flight with landing gear retracted at a
constant airspeed within the landing gear-extended airspeed range.
Do not adjust trim or power. Extend the landing gear. After
stabilized, record stick force necessary to maintain original
airspeed.

2 - 12 Ibs (0.88 - 5.3 daN) of force (Push).

OR

b) Trim for straight and level flight with landing gear extended, at
a constant airspeed within the landing gear-extended airspeed
range. Do not adjust trim or power. Retract the landing gear.
After stabilized, record stick force necessary to maintain original
airspeed.

2 - 12 Ibs (0.88 - 5.3 daN) of force (Pull).

2.c.5. Longitudinal trim. Must be able to trim longitudinal stick force to “zero” in each of the
following configurations: cruise; approach; and landing.
2.c.7. Longitudinal static stability. Must exhibit positive static stability.
2.c.8. Stall warning (actuation of stall warning device) with nominal
gross weight; wings level; and a deceleration rate of not more than
three (3) knots per second.
a) Landing configuration. 80 - 100 knots; + 5° of bank.
b) Clean configuration. Landing configuration speed + 10 - 20 percent.
2.¢.9.b. Phugoid dynamics. Must have a phugoid with a period of 30 - 60 seconds. May not reach
Y2 or double amplitude in less than 2 cycles.
2.d. Lateral Directional Tests.
2.d.2. Roll response. Must have a roll rate of 4 - 25 degree /second.
Roll rate must be measured through at least 30 degree of roll.
Aileron control must be deflected 1/3 (33.3 percent) of maximum
travel.
2.d.4.b. Spiral stability. Initial bank angle (£ 5°) after 20 seconds.
Cruise configuration and normal cruise airspeed. Establish a 20 -
30 dgree bank. When stabilized, neutralize the aileron control and
release. Must be completed in both directions of turn.
2.d.6.b. Rudder response. 3 - 6 degree /second yaw rate.
Use 25 percent of maximum rudder deflection.
(Applicable to approach or landing configuration.)
2.d.8. Steady state sideslip. 2 - 10 degree of bank;

Use 50 percent rudder deflection.

4 - 10 degree of sideslip; and

vLEST
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(Applicable to approach and landing configurations.)

| 2 -10 degree of aileron.

FTD System Response Time.

Flight deck instrument systems response to an abrupt pilot
controller input. One test is required in each axis (pitch, roll,

yaw).

300 milliseconds or less.
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* * * * * Appendix B to Part 60—Qualification Attachment 3 to Appendix B to Part 60—
m 16. Amend Attachment 3 to Appendix ~ Performance Standards for Airplane gllglht Training Device (FTD) Subjective
B by adding Tables B3D, B3E, B3F, and Flight Training Devices *va uitmn . .«

B3G to read as follows: . . . . .

BILLING CODE 4910-13-P
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Tasks in this table are subject to evaluation if appropriate for the airplane
simulated as indicated in the SOQ Configuration List or the level of FTD
qualification involved. Items not installed or not functional on the FTD and,
therefore, not appearing on the SOQ Configuration List, are not required to be
listed as exceptions on the SOQ.

Preparation For Flight

1.a. Pre-flight. Accomplish a functions check of all switches, indicators, systems,
and equipment at all crew members’ and instructors’ stations and determine that:
l.a.l The flight deck design and functions are identical to that of the airplane
simulated.
. Surface Operations (pre-flight).
2.a. Engine Start.
2.a.1. Normal start.
2.a.2. Alternate start procedures.
2.a.3. Abnormal starts and shutdowns (e.g., hot/hung start, tail pipe fire).
2.b. Taxi.
2.b.1 Pushback/powerback
2.b.2. Thrust response.
2.b.3. Power lever friction.
2.b 4. Ground handling.
2.b.5. Reserved
2.b.6. Taxi aids (e.g. taxi camera, moving map)
2.b.7. Low visibility (taxi route, signage, lighting, markings, etc.)
2.c. Brake Operation
2.c.1. Brake operation (normal and alternate/emergency).
2.c.2. Brake fade (if applicable).
. Take-off.
3.a. Normal.
d.a.l. Airplane/engine parameter relationships, including run-up.
3.a.2. Nosewheel and rudder steering.
3.a.3. Crosswind (maximum demonstrated and gusting crosswind).
3.a.4. Special performance
3.ad.a Reduced V,
3.a.4.b Maximum engine de-rate.
d.a.4.c Soft surface.
3.a.4.d Short field/short take-off and landing (STOL) operations.
d.ad.e Obstacle (performance over visual obstacle).
3.a.5. Low visibility take-off.
3.a.6. Landing gear, wing flap leading edge device operation.
3.a.7. Contaminated runway operation.
3.b. Abnormal/emergency.
3.b.1. Rejected Take-off.
3.b.2. Rejected special performance (e.g., reduced V|, max de-rate, short field
operations).
3.b.3. Rejected take-off with contaminated runway.
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3.b.4. Takeoff with a propulsion system malfunction (allowing an analysis of causes,
symptoms, recognition, and the effects on aircraft performance and handling) at
the following points: .
(iii) Prior to V1 decision speed.
(iv) Between V1 and Vr (rotation speed).
(iii)Between Vr and 500 feet above ground level.
3.b.5. Flight control system failures, reconfiguration modes, manual reversion and
associated handling.
. Climb.
4.a. Normal.
4.b. One or more engines inoperative.
4.c. Approach climb in icing (for airplanes with icing accountability).
. Cruise.
S.a. Performance characteristics (speed vs. power, configuration, and attitude)
5.a.1. Straight and level flight.
5.a.2. Change of airspeed.
5.a.3. High altitude handling.
5.a4. High Mach number handling (Mach tuck, Mach buffet) and recovery (trim
change).
5.a.5. Overspeed warning (in excess of V,, or My,,.).
5.a.6. High IAS handling.
5.b. Maneuvers.
5.b.1. High Angle of Attack
5.b.1.a High angle of attack, approach to stalls, stall warning, and stall buffet (take-off,
cruise, approach, and landing configuration) including reaction of the autoflight
system and stall protection system.
5.b.1.b Reserved
5.b.2. Slow flight
5.b.3. Reserved
5.b.4. Flight envelope protection (high angle of attack, bank limit, overspeed, etc.).
5.b.5. Turns with/without speedbrake/spoilers deployed.
5.b.6. Normal and standard rate turns.
5.b.7. Steep turns
5.b.8. Performance turn
5.b.9. In flight engine shutdown and restart (assisted and windmill).
5.b.10. Maneuvering with one or more engines inoperative, as appropriate.
5.b.11. Specific flight characteristics (e.g., direct lift control).
5.b.12, Flight control system failures, reconfiguration modes, manual reversion and
associated handling.
5.b.13 Gliding to a forced landing.
5.b.14 Visual resolution and FSTD handling and performance for the following (where
applicable by aircraft type and training program):
5.b.14.a Terrain accuracy for forced landing area selection.
5.b.14.b Terrain accuracy for VFR Navigation.
5.b.14.c Eights on pylons (visual resolution).
5.b.14.d Turns about a point.
5.b.14.e S-turns about a road or section line.
. Descent.
6.a. Normal.
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6.b. Maximum rate/emergency (clean and with speedbrake, etc.).
6.c. With autopilot.
6.d. Flight control system failures, reconfiguration modes, manual reversion and

associated handling.

Instrument Approaches And Landing.

Those instrument approach and landing tests relevant to the simulated airplane
type are selected from the following list. Some tests are made with limiting wind
velocities, under windshear conditions, and with relevant system failures,
including the failure of the Flight Director. If Standard Operating Procedures
allow use autopilot for non-precision approaches, evaluation of the autopilot will
be included.

7.a. Precision approach

7.a.1 CAT I published approaches.

7.a.1.a Manual approach with/without flight director including landing.

7.a.1.b Autopilot/autothrottle coupled approach and manual landing.

7.a.l.c Autopilot/autothrottle coupled approach, engine(s) inoperative.

7.a.1.d Manual approach, engine(s) inoperative.

7.a.l.e HUD/EFVS

7.a.2 CAT II published approaches.

7.a.2.a Autopilot/autothrottle coupled approach to DH and landing (manual and
autoland).

7.a.2.b Autopilot/autothrottle coupled approach with one-engine-inoperative
approach to DH and go-around (manual and autopilot).

7.a.2.c HUD/EFVS

7.a.3 CAT III published approaches.

7.a3.a Autopilot/autothrottle coupled approach to landing and roll-out (if
applicable) guidance (manual and autoland).

7.a.3.b Autopilot/autothrottle coupled approach to DH and go-around (manual and
autopilot).

7.a.3.¢ Autopilot/autothrottle coupled approach to land and roll-out (if applicable)
guidance with one engine inoperative (manual and autoland).

7.a.3.d Autopilot/autothrottle coupled approach to DH and go-around with one
engine inoperative (manual and autopilot).

7.a.3.e HUD/EFVS

7.a.4 Autopilot/autothrottle coupled approach (to a landing or to a go-around):

7.a.4.a With generator failure.

7.a.4.b.1 With maximum tail wind component certified or authorized.

7.2.4.b.2 Reserved

7.a.4.c.1 With maximum crosswind component demonstrated or authorized.

7.a.4.c.2 Reserved

7.a.5 PAR approach, all engine(s) operating and with one or more engine(s)

inoperative.
7.2.6 MLS, GBAS, all engine(s) operating and with one or more engine(s) inoperative.
7.b. Non-precision approach.
7.b.1 Surveillance radar approach, all engine(s) operating and with one or more
engine(s) inoperative.
7.b.2 NDB approach, all engine(s) operating and with one or more engine(s)

inoperative.
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7.b.3 VOR, VOR/DME, TACAN approach, all engines(s) operating and with one or
more engine(s) inoperative.

7.b.4 RNAV /RNP / GNSS (RNP at nominal and minimum authorized temperatures)
approach, all engine(s) operating and with one or more engine(s) inoperative.

7.b.5 ILS LLZ (LOC), LLZ back course (or LOC-BC) approach, all engine(s)
operating and with one or more engine(s) inoperative.

7.b.6 ILS offset localizer approach, all engine(s) operating and with one or more
engine(s) inoperative.

7.c Approach procedures with vertical guidance (APV), e.g. SBAS, flight path
vector.

7.c1 APV/baro-VNAYV approach, all engine(s) operating and with one or more
engine(s) inoperative.
7.¢c.2 Area navigation (RNAYV) approach procedures based on SBAS, all engine(s)
operating and with one or more engine(s) inoperative.
8. Visual Approaches (Visual Segment) And Landings.
Flight simulators with visual systems, which permit completing a special
approach procedure in accordance with applicable regulations, may be approved
for that particular approach procedure.

8.a. Maneuvering, normal approach and landing, all engines operating with and
without visual approach aid guidance.

8.b. Approach and landing with one or more engines inoperative.

8.c. Operation of landing gear, flap/slats and speedbrakes (normal and abnormal).

8.d. Approach and landing with crosswind (max. demonstrated and gusting

crosswind).

8.e. Approach and landing with flight control system failures, reconfiguration modes,
manual reversion and associated handling (most significant degradation which is
probable).

8.e.l. Approach and landing with trim malfunctions.
8.e.l.a Longitudinal trim malfunction.
8.e.1.b Lateral-directional trim malfunction.

8.1. Approach and landing with standby (minimum) electrical/hydraulic power.

8.g. Approach and landing from circling conditions (circling approach).

8.h. Approach and landing from visual traffic pattern.

8.i. Approach and landing from non-precision approach.

8.j. Approach and landing from precision approach.

9. Missed Approach.

9.a. All engines, manual and autopilot.

9.b. Engine(s) inoperative, manual and autopilot.

9.c. Rejected landing

9.d. With flight control system failures, reconfiguration modes, manual reversion and
associated handling.

9.e. Reserved

10. Surface Operations (landing, after-landing and post-flight).

10.a Landing roll and taxi.

10.a.1 HUD/EFVS.

10.a.2. Spoiler operation.

10.a.3. Reverse thrust operation.

10.a.4. Directional control and ground handling, both with and without reverse thrust.
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10.a.5. Reduction of rudder effectiveness with increased reverse thrust (rear pod-
mounted engines).
10.a.6. Brake and anti-skid operation
10.a.6.a Brake and anti-skid operation with dry, patchy wet, wet on rubber residue, and
patchy icy conditions.
10.a.6.b | Reserved
10.a.6.c Reserved
10.a.6.d Auto-braking system operation.
10.b Engine shutdown and parking.
10.b.1 Engine and systems operation.
10.b.2 Parking brake operation.
11. Any Flight Phase.
11.a. Airplane and engine systems operation (where fitted).
11.a.1. Air conditioning and pressurization (ECS).
11.a.2. De-icing/anti-icing.
11.a.3. Auxiliary power unit (APU).
11.a.4. Communications.
11.a.5. Electrical.
11.a.6. Fire and smoke detection and suppression.
11.a.7. Flight controls (primary and secondary).
11.a.8. Fuel and oil
11.a.9. Hydraulic
11.a.10. Pneumatic
11.a.11. Landing gear.
11.a.12. Oxygen.
11.a.13. Engine.
11.a.14. Airborne radar.
11.a.15. Autopilot and Flight Director.
11.a.16. Terrain awareness warning systems and collision avoidance systems (e.g.
EGPWS, GPWS, TCAS).
11.a.17. Flight control computers including stability and control augmentation.
11.a.18. Flight display systems.
11.a.19. Flight management computers.
11.a.20. Head-up displays (including EFVS, if appropriate).
11.a.21. Navigation systems
11.a.22. Stall warning/avoidance
11.a.23. Wind shear avoidance/recovery guidance equipment
11.a.24. Flight envelope protections
11.a.25. Electronic flight bag
11.a.26. Automatic checklists (normal, abnormal and emergency procedures).
11.a.27. Runway alerting and advisory system.
11.b. Airborne procedures.
11.b.1. Holding.
11.b.2. Air hazard avoidance (traffic, weather, including visual correlation).
11.b.3. Windshear.
11.b.3.a Prior to take-off rotation.
11.b.3.b At lift-off
11.b.3.c During initial climb.
11.b.3.d On final approach, below 150 m (500 ft) AGL.
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11.b.4. Reserved
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This table specifies the minimum airport model content and functionality to qualify a simulator at the
indicated level. This table applies only to the airport models required for FTD qualification.

Begin QPS Requirements
1. Reserved
2.a. Functional test content requirements
2.a.1 Airport scenes
2.a.l.a A minimum of three (3) real-world airport models to be consistent with published data
used for airplane operations and capable of demonstrating all the visual system features
below. Each model should be in a different visual scene to permit assessment of FSTD
automatic visual scene changes. The model identifications must be acceptable to the
sponsor’s TPAA, selectable from the 10S, and listed on the SOQ.
2.a.1.b Reserved
2.a.l.c Reserved
2.a.1d Airport model content.
For circling approaches, all tests apply to the runway used for the initial approach and to
the runway of intended landing. If all runways in an airport model used to meet the
requirements of this attachment are not designated as “in use,” then the “in use” runways
must be listed on the SOQ (e.g., KORD, Rwys 9R, 14L, 22R). Models of airports with
more than one runway must have all significant runways not “in-use” visually depicted for
airport and runway recognition purposes. The use of white or off white light strings that
identify the runway threshold, edges, and ends for twilight and night scenes are acceptable
for this requirement. Rectangular surface depictions are acceptable for daylight scenes. A
visual system’s capabilities must be balanced between providing airport models with an
accurate representation of the airport and a realistic representation of the surrounding
environment. Airport model detail must be developed using airport pictures, construction
drawings and maps, or other similar data, or developed in accordance with published
regulatory material; however, this does not require that such models contain details that
are beyond the design capability of the currently qualified visual system. Only one
“primary” taxi route from parking to the runway end will be required for each “in-use”
runway.
2.a.2 Visual scene fidelity.
2.a.2.a The visual scene must correctly represent the parts of the airport and its surroundings used
in the training program.
2.a.2.b Reserved
2.a.2.c Reserved
2.a.3 Runways and taxiways.
2.a.3.a Reserved
2.a.3.b Representative runways and taxiways.
2.a.3.c Reserved
2.4 Reserved
2.a.5 Runway threshold elevations and locations must be modeled to provide correlation with
airplane systems (e.g. HUD, GPS, compass, altimeter).
2.a.6 Reserved
2.a.7 Runway surface and markings for each “in-use” runway must include the following,
if appropriate:
2.a.7.a Threshold markings.
2.a.7.b Runway numbers.
2.a.7.c Touchdown zone markings.
2.a.7.d Fixed distance markings.
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2.a.7.e Edge markings.
2.a.7.f Center line markings.
2.a.7.g Reserved
2.a.7.h Reserved
2.a.7.i Windsock that gives appropriate wind cues.
2.a.8 Runway lighting of appropriate colors, directionality, behavior and spacing for the
“in-use” runway including the following:
2.a.8.a Threshold lights.
2.a.8.b Edge lights.
2.a.8.c End lights.
2.a.8.d Center line lights.
2.a.8.e Touchdown zone lights.
2.a.8.f Lead-off lights.
2.a8.g Appropriate visual landing aid(s) for that runway.
2.a.8.h Appropriate approach lighting system for that runway.
2.9 Taxiway surface and markings (associated with each “in-use” runway):
2.a.9.a Edge markings
2.2.9.b Center line markings.
2.a.9.c Runway holding position markings.
2.2.9.d ILS critical area markings.
2.a.9.e Reserved
2.a.10 Taxiway lighting of appropriate colors, directionality, behavior and spacing
(associated with each “in-use” runway):
2.a.10.a | Edge lights.
2.a.10.b | Center line lights.
2.a.10.c | Runway holding position and ILS critical area lights.
2.a.11 Required visual model correlation with other aspects of the airport environment
simulation.
2.a.11.a | The airport model must be properly aligned with the navigational aids that are associated
with operations at the runway “in-use”.
2.a.11.b | Reserved
2.a.12 Airport buildings, structures and lighting.
2.a.12.a | Buildings, structures and lighting:
2.a.12.a.1 | Reserved
2.a.12.a.2 | Representative airport buildings, structures and lighting.
2.a.12.a.3 | Reserved
2.a.12.b | Reserved
2.a.12.c Representative moving and static airport clutter (e.g. other airplanes, power carts, tugs,
fuel trucks, additional gates).
2.a.12.d | Reserved
2.2.13 Terrain and obstacles.
2.a.13.a | Reserved
2.a.13.b | Representative depiction of terrain and obstacles within 46 km (25 NM) of the reference
airport.
2.a.14 Significant, identifiable natural and cultural features.
2.a.14.a | Reserved
2.a.14.b | Representative depiction of significant and identifiable natural and cultural features within
46 km (25 NM) of the reference airport.
Note.— This refers to natural and cultural features that are typically used for pilot orientation
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in flight. Outlying airports not intended for landing need only provide a reasonable facsimile of
runway orientation.

2.a.14.c Representative moving airborne traffic (including the capability to present air hazards —
e.g. airborne traffic on a possible collision course).
2.b Visual scene management.

2.b.1 Reserved

2.b.2 Airport runway, approach and taxiway lighting and cultural lighting intensity for any
approach should be set at an intensity representative of that used in training for the
visibility set; all visual scene light points must fade into view appropriately.

2.b.3 Reserved

2.c Visual feature recognition.
Note.— The following are the minimum distances at which runway features should be
visible. Distances are measured from runway threshold to an airplane aligned with the
runway on an extended 3-degree glide slope in suitable simulated meteorological
conditions. For circling approaches, all tests below apply both to the runway used for the
initial approach and to the runway of intended landing.

2.c.1 Runway definition, strobe lights, approach lights, and runway edge white lights from
8 km (5 sm) of the runway threshold.

2.c.2 Visual approach aids lights.
2.c2.a Reserved
2.c.2.b Visual approach aids lights from 4.8 km (3 sm) of the runway threshold.

2.c.3 Runway center line lights and taxiway definition from 4.8 km (3 sm).

2.c4 Threshold lights and touchdown zone lights from 3.2 km (2 sm).

2.c.5 Reserved

2.¢.6 For circling approaches, the runway of intended landing and associated lighting must fade
into view in a non-distracting manner.

2.d Selectable airport visual scene capability for:

2.d.1 Night.

2.d.2 Twilight.

2.d.3 Day.

2.d.4 Dynamic effects — the capability to present multiple ground and air hazards such as
another airplane crossing the active runway or converging airborne traffic; hazards must
be selectable via controls at the instructor station.

2.d.5 Reserved

2.e Correlation with airplane and associated equipment.
2.e.1 Visual cues to relate to actual airplane responses.
2.e.2 Visual cues during take-off, approach and landing.
2.e2.a Visual cues to assess sink rate and depth perception during landings.
2.e.2.b Reserved

2.e.3 Accurate portrayal of environment relating to airplane attitudes.

2.e4 The visual scene must correlate with integrated airplane systems, where fitted (e.g. terrain,
traffic and weather avoidance systems and HUD/EFVS).

2.e.5 Reserved

2.f Scene quality.
2.1 Quantization.
2.f.1.a Surfaces and textural cues must be free from apparent quantization (aliasing).
2.£.1.b Reserved
2.£2 System capable of portraying full color realistic textural cues.
2.3 The system light points must be free from distracting jitter, smearing or streaking.
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2.4 Reserved
2.£.5 System capable of providing light point perspective growth (e.g. relative size of runway
and taxiway edge lights increase as the lights are approached).
2.g Environmental effects.
2.g.1 Reserved
2.g.2 Reserved
2.8.3 Reserved
2.0.4 Reserved
2.8.5 Reserved
2.2.6 Reserved
2.8.7 Visibility and RVR measured in terms of distance. Visibility/RVR must be checked at and
below a height of 600 m (2 000 ft) above the airport and within a radius of 16 km (10 sm)
from the airport.
2.2.8 Reserved
2.2.9 Reserved
2.2.10 Reserved
2.2.11 Reserved
End QPS Requirement
Begin Information
3. An example of being able to “combine two airport models to achieve two “in-use”
runways:
One runway designated as the “in use” runway in the first model of the airport, and the
second runway designated as the “in use” runway in the second model of the same airport.
For example, the clearance is for the ILS approach to Runway 27, Circle to Land on
Runway 18 right. Two airport visual models might be used: the first with Runway 27
designated as the “in use” runway for the approach to runway 27, and the second with
Runway 18 Right designated as the “in use” runway. When the pilot breaks off the ILS
approach to runway 27, the instructor may change to the second airport visual model in
which runway 18 Right is designated as the “in use” runway, and the pilot would make a
visual approach and landing. This process is acceptable to the FAA as long as the
temporary interruption due to the visual model change is not distracting to the pilot, does
not cause changes in navigational radio frequencies, and does not cause undue
instructor/evaluator time.
4. Sponsors are not required to provide every detail of a runway, but the detail that is
provided should be correct within the capabilities of the system.
End Information
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The following checks are performed during a normal flight profile.

1. Precipitation.

2. Reserved

3. Significant airplane noises perceptible to the pilot during normal operations.

4. Abnormal operations for which there are associated sound cues including, engine
malfunctions, landing gear/tire malfunctions, tail and engine pod strike and pressurization
malfunction.

5. Sound of a crash when the flight simulator is landed in excess of limitations.

BILLING CODE 4910-13-P
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Table B3G - Functions and Subjective Tests
Level 7 FTD
QPS REQUIREMENTS
e 2
E E Instructor Operating Station (I0S) Requirements
Z
Functions in this table are subject to evaluation only if appropriate for the airplane and/or
the system is installed on the specific FTD.

1. Simulator Power Switch(es)
2. Airplane conditions.
2.a. Gross weight, center of gravity, fuel loading and allocation
2.b. Airplane systems status.
2.c. Ground crew functions (e.g., ext. power, push back)
3. Airports.
3.a. Number and selection.
3.b. Runway selection.
3.c. Runway surface condition (e.g., rough, smooth, icy, wet)
3.d. Preset positions (e.g., ramp, gate, #1 for takeoff, takeoff position, over FAF)
3.e. Lighting controls.
4. Environmental controls.
4.2 Visibility (statute miles (kilometers)).
4.b. Runway visual range (in feet (meters)).
4.c. Temperature.
4.d. Climate conditions (e.g., ice, snow, rain).
4.e. Wind speed and direction.
4.1. Windshear.
4.g. Clouds (base and tops).
5. Airplane system malfunctions (Inserting and deleting malfunctions into the simulator).
6. Locks, Freezes, and Repositioning.
6.a. Problem (all) freeze / release.
6.b. Position (geographic) freeze / release.
6.c. Repositioning (locations, freezes, and releases).
6.d. Ground speed control.
7. Remote IOS. (if installed)
8. Sound Controls. On /off/ adjustment
9. Control Loading System.
9.a. On / off / emergency stop.
10. Observer Seats / Stations. Position / Adjustment

* Issued under authority provided by 49
U.S.C. 106(f), 44701(a), and 44703 in
Washington, DC, on February 24, 2016.

Michael P. Huerta,

Administrator.

[FR Doc. 2016—05860 Filed 3—29-16; 8:45 am]
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