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PREFACE

This operational handbook introduces the basic skills necessary for acquiring a parachute rigger certificate. It is
developed by the Flight Standards Service, Airman Testing Standards Branch, in cooperation with various aviation
educators and industry.

This handbook is primarily intended to assist individuals who are preparing for the parachute rigger airman knowl-
edge test and the oral and practical test. The material presented in this handbook is appropriate for senior and master
parachute riggers. The handbook contains information on regulations and human factors, design and construction,
materials, operations, inspection and packing, hand tools, sewing machines, the parachute loft, repairs, alterations,
and manufacture.

This handbook conforms to training and certification concepts established by the Federal Aviation Administration
(FAA). There are different ways of teaching, as well as performing specific rigging procedures, and many variations
in the explanations of repairs, alterations, and manufacture of parachutes. The discussion and explanations reflect
commonly used practices and principles. This handbook provides a basic knowledge that can serve as a foundation on
which to build further knowledge. Occasionally the word “must” or similar language is used where the desired action
is deemed critical. The use of such language is not intended to add to, interpret, or relieve a duty imposed by Title 14
of the Code of Federal Regulations (14 CFR).

It is essential for persons using this handbook to also become familiar with and apply the pertinent parts of 14 CFR
and appropriate technical standards. Performance standards for demonstrating competence required for parachute rig-
gers are prescribed in the appropriate practical test standard.

This handbook is available for download from the Flight Standards Service web site at http://av-info.faa.gov. The cur-
rent Flight Standards Service airman training and testing material and subject matter knowledge codes for all airman
certificates and ratings can also be obtained from the Flight Standards Service web site, as well as information about
availability of printed copies.

The FAA greatly acknowledges the valuable assistance provided by many individuals and organizations throughout
the aviation community whose expertise contributed to the preparation of this handbook. This handbook contains
material and pictures of various products often used by industry. It is presented here as a means of communicating
information to be used for training purposes only. The FAA neither endorses nor recommends any specific trademark
item in this handbook.

This handbook is published by the U.S. Department of Transportation, Federal Aviation Administration, Airman
Testing Standards Branch, AFS-630, P.O. Box 25082, Oklahoma City, OK 73125. Comments regarding this hand-
book should be sent in e-mail form to AFS630comments @faa.gov.

AC 00-2, Advisory Circular Checklist, transmits the current status of FAA advisory circulars and other

flight information publications. This checklist is available via the Internet at http://www.faa.gov/aba/html_poli-
cies/ac00_2.html.
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A parachute rigger has a critical responsibility to
anyone who uses a parachute. For many, a special
meaning can be attributed to ensuring the safety of a piece
of equipment that may save their life or that of a friend.
For others, attention to detail may keep a stranger safe
during recreational activities, such as sky diving or other
sport parachuting events. This chapter explains what
parachute riggers do and what is required to earn a
parachute rigger certificate. In addition, this chapter
covers relevant human factor issues and ethical standards.

The term “parachute rigger” originally came from its use
in rigging ships and sails. Those individuals who organ-
ized and repaired the sails, lines, and ropes of the ships
were called riggers. When parachutes were developed in
the early 20t century, the term came to refer to those who
sewed the canopies and lines. The term eventually
became used in conjunction with parachutes. In the early
days, anyone with the knowledge of sewing and materials
could make or repair parachutes. As the aviation industry
grew and matured, the need for trained individuals to pack
and maintain the parachutes grew as well. In order to pro-
tect the pilots and public who flew in airplanes and relied
on parachutes, the Government began to license these
individuals. Rigging then, in reference to parachutes,
came to mean: the final adjustment and alignment of the
various component sections to provide the proper aero-
dynamic reaction.

PARACHUTE RIGGER CERTIFICATES
Parachutes intended for emergency use in civil aircraft in
the United States, including the reserve parachute of a
dual parachute system to be used for intentional jump-
ing, must be packed, maintained, or altered by a person
who holds an appropriate and current parachute rigger
certificate. The certificate is issued under Title 14 of
the Code of Federal Regulations (14 CFR) part 65,
subpart F. These regulations do not apply to an individ-
ual who packs the main parachute of a dual parachute
pack to be used for intentional jumping. These regula-
tions also do not apply to parachutes packed, maintained,
or altered for use of the Armed Forces.

Any person who holds a parachute rigger certificate must
present it for inspection if requested by the Administrator

Q

Yand.Human Faclrors

or an authorized representative of the National
Transportation Safety Board (NTSB), or any federal,
state, or local law enforcement officer. A sample
certificate is shown in figure 1-1.

Figure 1-1. Airman’s Certificate—Master Parachute Rigger.

ELIGIBILITY AND REQUIREMENTS

To be eligible for a parachute rigger certificate issued by
the Federal Aviation Administration (FAA), individuals
must be at least 18 years of age; be able to read, write,
speak, and understand the English language; and comply
with other requirements of 14 CFR part 65, subpart F,
which governs the certification of parachute riggers.

There are two parachute rigger certificates available in
the United States: senior and master. The senior
parachute rigger candidate must pack a minimum of 20
parachutes of one type and be able to demonstrate the
ability to maintain and make minor repairs. The master
parachute rigger candidate must have 3 years of
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experience as a parachute rigger and have packed at least
100 parachutes of two type ratings in common use. There
are four type ratings that may be placed on a parachute
rigger certificate: back, chest, seat, and lap. Of these, the
first three are used today. The lap rating applies to
parachutes that are basically obsolete. A senior parachute
rigger is considered a journeyman technician, and the
master parachute rigger is considered an expert.

The two types of certificates differ in the level of
experience and responsibility. A senior parachute rigger
may pack, as well as maintain, a parachute by making
minor repairs. A master parachute rigger has all the priv-
ileges of the lesser certificate plus the ability to make
major repairs and alter parachutes according to
approved data. A major repair is one that, if improperly
done, can appreciably affect the airworthiness of the
parachute. An example of this might be replacing a
damaged canopy panel or altering a harness by changing
the size of a main lift web. A minor repair is anything
other than a major repair, such as a small patch on a
canopy or the replacement of a defective or worn
connector link.

To Whom It May Concern:

This is to certify that David D. Wolf
has packed in excess of 20 back-type
parachutes under my supervision in
accordance with the manufacturer’s
instructions and all applicable FAA
directives. In addition, he has
demonstrated a sound knowledge of the
parachute, its construction, packing,
maintenance, and use, as well as
subparts A & F of 14 CFR part 65.

Sincerely Yours,
Joe Smith
Master parachute rigger #123456789

Figure 1-2. Certification letter signing off a parachute rigger
candidate for FAA testing.

EARNING A PARACHUTE RIGGER
CERTIFICATE

When an applicant meets the requirements and
demonstrates sufficient knowledge and skills as outlined
in 14 CFR part 65, subpart F, the supervising parachute
rigger (either a senior or master parachute rigger) “signs
off” the trainee’s logbook and provides a letter to the
FAA, which will allow the applicant to take the
necessary tests. Figure 1-2 is an example of this letter.

TESTING
The applicant should take a letter similar to the one
depicted in figure 1-2, the applicant’s logbook, and any
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other necessary identification to the nearest FAA Flight
Standards District Office (FSDO) or International Field
Office (IFO). An FAA Aviation Safety Inspector
(airworthiness) will examine these documents for
completeness and eligibility. The applicant will be asked
to fill out FAA Form 8610-2, Airman Certificate and/or
Rating Application. When the inspector has determined
that the applicant is eligible to take the test, he or she will
sign the FAA Form 8610-2. [Figure 1-3] Once this is
done, the applicant may then go to any of the designated
FAA airman knowledge testing centers to take the airman
knowledge test.

The knowledge test consists of 50 multiple-choice ques-
tions that are not designed to be tricky or misleading.
They cover all basic rigging and packing subject areas in
addition to 14 CFR part 65 regulations. A minimum score
of 70 percent is required to pass the test. The test is scored
immediately on conclusion of the test and a certified air-
man knowledge test report is issued to the applicant.
[Figurel-4 on page 1-4] After passing the test, the candi-
date may then make an appointment for taking the oral
and practical portion of the test with a Designated
Parachute Rigger Examiner (DPRE).

Under 14 CFR part 183, DPREs are master parachute
riggers who have attended an FAA course and are
authorized to conduct oral and practical tests for the
Administrator. In many cases, these individuals are full
time professionals who work in the parachute industry.
Upon the successful completion of the oral and practical
tests, in most cases, the DPRE will issue a temporary
parachute rigger certificate [Figure 1-5 on page 1-5] and
a seal symbol to the candidate. In some FSDO
jurisdictions, the district office may issue the temporary
certificate and/or seal symbol. The seal symbol consists
of three letters or numbers or a combination of
both.[Figure 1-6 on page 1-5] The seal symbol is very
important; it will serve as the identifying mark for that
individual parachute rigger, and is used to seal any
parachute that he/she packs.

ALTERNATE MEANS OF QUALIFYING FOR
A PARACHUTE RIGGER CERTIFICATE
Active duty military personnel and civilian personnel,
who work for the military as parachute riggers, may qual-
ify for a senior parachute rigger certificate under 14 CFR,
section 65.117, Special Certification Rule. If they meet
the practical requirements, they need only take a special
25-question test.

A senior parachute rigger applying for a master para-
chute rigger certificate only needs to take the oral and
practical test. A person with 3 years’ experience as a
parachute rigger, but not holding a senior parachute rig-
ger certificate, must take both the knowledge test and the
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U.S. DEPARTMENT OF TRANSPORTATION

Federal Aviation Administration

Airman Knowledge Test Report

NAME : APPLICANT ID:
EXAM: Parachute Rigger Senior (RIG) EXAM ID:
EXAM DATE: 04/20/2004 EXAM SITE:
SCORE: 96 GRADE: PASS TAKE: 1

Below are subject matter knowledge codes in which questions were answered
incorrectly. For code descriptions see the latest version of AC 60-25
Reference Materials and Subject Matter Knowledge Codes for Airman
Knowledge Testing, available via the internet: http://afs600.faa.gov

A single code may represent more than one incorrect response.

Le0 P38

EXPIRATION DATE: 04/30/2006

DO NOT LOSE THIS REPORT

Authorized instructor's statement. (If Applicable)

I have given Mr./Ms. additional
instruction in each subject area shown to be deficient and
consider the applicant competent to pass the test.

Last Initial Cert. No. Type
(Print clearly)

Signature

FRAUDULENT ALTERATION OF THIS FORM BY ANY PERSON IS A BASIS FOR SUSPENSION
OR REVOCATION OF ANY CERTIFICATES OR RATINGS HELD BY THAT PERSON.

ISSUED BY: ADMINISTRATOR
FEDERAL AVIATION ADMINISTRATION

Figure 1-4. Sample Airman Knowledge Test Report.

oral and practical test. Any parachute rigger, senior or
master, who wishes to add additional ratings to his/her
certificate, needs to take only a practical test for the type
rating sought. No additional knowledge test is necessary.

RETESTING
If the applicant fails the knowledge test, he/she may
retake the test under the following conditions:

An applicant may apply for retesting by presenting
his/her failed test report-
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(a)

(b)

30 days after the date the applicant failed the test;
or

before 30 days have expired if the applicant pres-
ents a signed statement from an airman holding
the certificate and rating sought by the applicant,
certifying that the airman has given the applicant
additional instruction in each of the subjects failed
and that the airman considers the applicant ready
for retesting.
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Figure 1-5. FAA Form 8060-4—Temporary Airman Certificate.

Figure 1-6. Parachute Rigger’s Seal.

It is also possible for candidates who pass the test, but
receive a marginal score, to retake the test with the
anticipation of getting a higher score. In this case, the can-
didate must wait a minimum of 30 days from the date the
last test was taken to retake a passed test. Prior to retest-
ing, the individual must give his/her current airman test
report to the proctor. The most recent test taken will
reflect the official score.

RESPONSIBILITIES OF A
CERTIFICATED PARACHUTE RIGGER

Parachute riggers have a broad range of responsibilities
that include facilities and equipment, performance stan-
dards, records, and use of their seal. The following
describes the responsibilities of a certificated parachute

rigger.
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FACILITIES AND TOOLS

Issuance of a parachute rigger certificate is just the first
step toward becoming a professional parachute rigger. As
the uncertificated person gains experience packing, he or
she should also begin to acquire an inventory of tools and
manuals necessary to exercise the privileges of a certifi-
cate. In compliance with 14 CFR, section 65.127, there
are several items necessary before the parachute rigger
can exercise the privileges of his/her certificate. One of
these requirements is a smooth table top that is at least 3
feet wide by 40 feet long; however, this is necessary only
if the parachute rigger is going to pack round parachutes.
With square reserve parachutes gaining widespread use in
the skydiving community in recent years, some parachute
riggers are specializing in packing only square reserve
parachutes. A table can be used for packing this type of
parachute, but the manufacturer may specify any smooth,
clean surface with a size that accommodates the canopy.
In this case, a clean, carpeted floor will do the job and a
table may not be necessary. According to 14 CFR, sub-
section 65.127(b), the parachute rigger needs suitable
housing that is adequately heated, lighted, and ventilated
for drying and airing parachutes. This is subject to inter-
pretation by the parachute rigger and the Administrator
since the standards fluctuate based on location and time
of year.

A parachute rigger must have enough tools and equip-
ment to pack and maintain the types of parachutes for
which he/she is rated to service. This may include only
the basic tools of a packing fid, temporary pin, and pull-
up cord if this is all that the manufacturer says is neces-
sary to pack its product. However, there is a broad
selection of tools necessary for a well-equipped parachute
rigger to possess. These are covered in detail in Chapter
6—Hand Tools, Sewing Machines, and the Parachute Loft.

PERFORMANCE STANDARDS

A number of performance standards are defined in 14
CFR, section 65.129 to guide the parachute rigger’s per-
formance of the duties that fall under the certificate. The
parachute rigger may not:

e Pack, maintain, or alter any parachute unless he/she is
rated for that type.

e Pack a parachute that is not safe for emergency use.
e Pack a parachute that is not thoroughly dried and aired.

e Alter a parachute in a manner not specifically author-
ized by the Administrator or the manufacturer of the
parachute.

The last item in this list is one that has been abused by
many master parachute riggers over the years. The master
parachute rigger must have Administrator or manufac-
turer approval, in writing, to be in compliance with this
regulation.
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Aside from the necessary tools, 14 CFR, subsection
65.129(f) states that parachute riggers may exercise the
privileges of the certificate only if they understand the
current manufacturer’s instructions for the operation
involved. This means that parachute riggers must possess
a copy of the instructions or have access to them during
the operation. If they do not have a copy, but the owner of
the parachute provides them, then the parachute rigger
may pack or maintain the parachute.

A variation on this theme is accessing the packing
instruction via the Internet. Many manufacturers provide
manuals via their Web sites. If the parachute riggers do
not download the actual instruction, they must show that
they had access during the packing of the parachute. For
example, a laptop computer may not have a printer
attached, but could still meet this requirement.

Parachute riggers are not necessarily required to down-
load the instructions to a hard drive or disk as long as they
are able to access the manual in real time. However, if a
problem is identified with the parachute rigger’s pack job
at a later date, the parachute rigger would need to prove
to the Administrator that he/she had access to the instruc-
tions. Without a hardcopy or downloaded computer files,
it would appear that the parachute rigger had not met the
rule requirement.

CURRENCY REQUIREMENTS

Once an individual obtains a parachute rigger certificate,
it is valid for life unless surrendered, suspended, or
revoked. If the individual intends to work as a parachute
rigger and not just have the certificate, it is necessary that
he/she maintains currency as a practicing parachute rig-
ger. These currency requirements include at least one of
the following.

e Performing parachute rigger duties for at least 90 days
within the preceding 12 months.

e Demonstrating to the Administrator the ability to per-
form those duties.

RECORD KEEPING

Maintaining proper records of parachute rigger activities
is an important responsibility. This is necessary for the
protection of the parachute rigger, the user of the para-
chute, and the satisfaction of the Administrator. Under 14
CFR, section 65.131, certificated parachute riggers must
document the packing, maintenance, and alteration of
parachutes they have performed or supervised. These
records normally are documented in a parachute rigger’s
loghbook. The following information must be docu-
mented:

e Parachute type and make.
e Serial number.

¢ Name and address of the owner.
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Figure 1-7. Parachute Rigger Logbook Page.

e Kind and extent of work performed.
* Date and location of work performed.
* Results of any drop tests.

These records must be kept for a minimum of 2 years.
Figure 1-7 shows a sample of a logbook page. In addi-
tion, each parachute rigger must note on the parachute
packing record or data card [Figure 1-8] the following
information.

* Date and location of packing.

* A notation of any defects found on inspection.

e Parachute rigger certificate number.

e Parachute rigger name and signature.

While not required on the data card, it has become

commonplace for the parachute rigger to note the work
performed as well. This is usually noted as A & P for

SEPI002 ELoY AZ
INSPECT & Qe‘ﬂnctc

PARACHUTE LOGBOOK & DATA CARD

This log should be kept with the parachute assembly at all times. When it becomes
full, it should remain with the assembly or stored in a secure place. The owner
should keep a photocopy of this page in the event the parachute is lost or stolen.

OWNER INFORMATION: ;

JoE SMiTH

123 MAPLE DR,
MIPPLETOWN MA cooto
A412-555-1212

EQUIPMENT INFORMATION:

HGGMG INNOVATIONS  TALON T5

2152 MaY 2002 |
PRECIS1ON AERODYNAMICS SUPER Ravinisa
29218222 AVG 1998
ARTEC  CYPRES

50 Do17325 DCB2Z-2X TorY 1998 |

WARNING!
USE OF THIS PARACHUTE MAY RESULT IN SERIOUS INJURY OR DEATH.
PARACHUTES SOMETIMES MALFUNCTION, EVEN WHEN PROPERLY
CONSTRUCTED, PACKED AND USED. READ ALL INSTRUCTIONS AND
MANUALS PRIOR TO DONNING. SOME COUNTRIES HAVE REGULATIONS
REGARDING THE MAINTENANCE AND USE OF PARACHUTES.

Figure 1-8. Parachute Packing Record or Data Card.
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assemble and pack or I & R for inspect and repack.
Professional parachute riggers often use an ink stamp on
the data card that indicates name, certificate number, seal
symbol, and provides an area for signature. This allows
the customer or other parachute riggers to read the name
(some signatures are illegible) and to correlate the last
entry with the seal on the parachute.

SEALING THE PARACHUTE

As noted previously, each certificated parachute rigger is
issued a seal symbol with which each parachute is sealed
once he/she packs it in a manner prescribed by the
manufacturer. This ensures that no one tampers with the
parachute and the owner knows that it is ready for use.

REGULATORY COMPLIANCE

As with other airman certificates, there are additional
parts of 14 CFR that are of direct concern to the parachute
rigger in addition to those already mentioned. It is
important that the parachute rigger have a thorough
understanding of these parts in order to avoid any
inadvertent non-compliance: 14 CFR parts 1, 21, 39, 91,
105, and 183.

14 CFR PART 1—DEFINITIONS

This part provides legal definitions for words and abbre-
viations under this title. One of the more important terms
in this part is that of the Administrator. The Administrator
is the administrative head of the Federal Aviation
Administration or any employee of the Federal Aviation
Administration to whom authority has been delegated.
The parachute rigger is most likely to come in contact
with two individuals who may act on the Administrator’s
behalf.

The first is the Aviation Safety Inspector from the local
Flight Standards District Office (FSDO) or International
Field Office (IFO). This employee of the Federal Aviation
Administration is responsible for enforcement of the
Code of Federal Regulations in aviation matters. The
Aviation Safety Inspector (airworthiness type) has juris-
dictional  responsibility in such matters as: compliance
with the rule, approving data for major repairs or alter-
ations, investigation of accidents, overseeing airshows
and demo jumps, or any aviation related matter.

The second is the local Designated Parachute Rigger
Examiner (DPRE). This private person is empowered to
conduct practical tests for the Administrator.

14 CFR PART 21 SUBPART O—TECHNICAL
STANDARD ORDERS (TSO)

A Technical Standard Order (TSO) is issued by the
Administrator and is a minimum performance standard
for specified articles, such as parachutes. It is important
that the parachute rigger understand the TSO process and
the various levels of TSO approval under which
parachutes are manufactured. Every parachute rigger
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should read and become familiar with the technical
standard orders for parachutes, the 23 series (C23b,
C23c, C23d). This is important to the parachute rigger in
determining certification compatibility when he/she is
assembling approved components.

14 CFR PART 39—AIRWORTHINESS
DIRECTIVES

This part specifically deals with Airworthiness
Directives (ADs). An AD is an amendment to the Code
of Federal Regulations. An AD must be complied with
before using an affected product. In the case of a para-
chute, when:

e an unsafe condition exists in a product.

* the condition is likely to exist or develop in other prod-
ucts of the same type or design.

Under 14 CFR part 39, “No person may operate a
product to which an airworthiness directive applies
except in accordance with the requirements of that
airworthiness directive.”

In recent years, there have been a number of parachute
ADs issued by the Administrator. These ADs prescribe
certain actions to be taken by the parachute rigger in
order to ensure the safety and function of parachutes that
have been found in some manner to be defective. If the
parachute rigger does not comply with the AD, the
parachute rigger cannot pack, maintain, or alter the
affected parachute. ADs are mailed to each certificated
parachute rigger on the FAA listing. If the parachute
rigger has moved and not complied with the requirements
for an address change, the rigger may not receive the AD.
This introduces an additional problem. Under 14 CFR
part 65, subpart A—General, section 65.21, airmen must
register their change of address within 30 days of moving
or they are not able to exercise the privileges of their
certificate.

14 CFR PART 91—GENERAL OPERATING
AND FLIGHT RULES

Section 91.307 deals with parachutes and parachuting.
This section defines an “approved parachute” and states
the repack time for parachutes. Both of these are of vital
interest to the parachute rigger.

14 CFR PART 105 SUBPART C—
PARACHUTE EQUIPMENT AND PACKING
This part deals with the use of parachutes in the United
States. The following areas are of interest to parachute
riggers:

e Main parachutes used for intentional jumping must be
packed by the person jumping or by a U.S. certificated
parachute rigger.



e The auxiliary parachute must be packed by a certifi-
cated and appropriately rated parachute rigger.

» If the parachute is made from synthetic materials, it
must be packed within 120 days of its use. If it is made
from materials subject to mold or mildew, then it must
be packed within 60 days of use.

e If a main static line is used, it must meet certain
requirements as to its use and configuration.

* An approved parachute is defined as a parachute
manufactured under a type certificate or a Technical
Standard Order (C-23 series), or a personnel-carrying
U.S. military parachute (other than a high altitude,
high speed, or ejection type) identified by a Navy Air
Facility, an Army Air Field, and Air Force-Navy
drawing number, an Army Air Field order number, or
any military designation or specification number.

RiGGING ETHICS

As parachute riggers gain additional experience, they are
occasionally faced with situations that involve less than
ideal circumstances. Some examples are: if a new jumper
purchases old or damaged equipment that may or may not
be airworthy, or if a pilot purchases an acrobatic plane
that has a parachute that is far too small for his/her
weight. These situations involve more than just the
technical knowledge for a parachute rigger certificate.

In the case of the pilot above, depending on which TSO
the parachute is certified, there may be a weight and speed
limitation for the system. For example, TSO C23c cate-
gory B has a limitation of 254-pound exit weight and a
speed limitation of 150 knots. Imagine a pilot who weighs
225 pounds and his airplane regularly exceeds the 150-
knot envelope during maneuvering. If this pilot brings a
parachute to a parachute rigger for repacking, the first
thing the parachute rigger should notice is the size of the
pilot. When the parachute rigger inspects the parachute,
he notices that it has a 22-foot diameter round canopy.
The parachute rigger finds that with the pilot at 225
pounds, his clothes at 5 pounds, and the parachute at 20
pounds, he is at 250 pounds or just under the limit.
However, in looking at the owner’s manual, the parachute
rigger cannot find any information in the weight-carrying
limit of the canopy. In addition, this particular parachute
was made by a company that is no longer in business. The
parachute appears to be in good condition visually but is
30 years old. In this situation, the parachute rigger is
faced with a number of questionable areas that are
detailed below.

CERTIFICATION SPECIFICATIONS

The practical circumstances surrounding the above pilot’s
use of the parachute is at the maximum limits of the certi-
fication specifications of the parachute. If he does not eat
a big breakfast or gain much weight before using the para-
chute, he might stay under the weight limit. The speed
limitation will probably be exceeded on a regular basis
during acrobatic maneuvers. If he needs to use the para-
chute at some point, there should be enough of a safety
margin built into the design and testing of the parachute
to be sufficient.

PILOT VS PARACHUTE SIZE

With 250 pounds under a 22-foot diameter canopy, the
pilot probably will drop from the sky at an excessive rate
of descent. A common assumption in this situation is that
it is unlikely he will need to use the parachute, but if he
does, will it save his life?

PARACHUTE SERVICE LIFE

There is no service life on the parachute; it may be con-
sidered airworthy as long as it meets its technical stan-
dard order. While the parachute appears to be in good
condition, there are not many non-destructive tests
available to the parachute rigger in the field to make
this determination. It may be possible to drop test the
parachute, but the cost would probably outweigh the
value of the system. It is up to the parachute rigger to
make the determination as to the airworthiness of the
parachute system. When the parachute rigger seals the
parachute and signs the data card, the rigger is saying it is
ready, thereby putting the customer’s life on the line.

What should the parachute rigger do? This is not just a
theoretical situation—it is one that has been experienced
many times by many parachute riggers. All of the above
information plus economic factors complicate the para-
chute rigger’s decision. If the rigger does not pack the
parachute, the pilot may take it down the road to another
parachute rigger for a second opinion who may not have
the same standards. An added factor is liability exposure.
If the parachute rigger signs off on a questionable para-
chute and an accident occurs later, the rigger may be
exposed to disciplinary action from the Administrator in
addition to civil action in the courts. There are no hard and
fast rules in these situations, but instead, the parachute rig-
ger must exercise the best judgment the rigger can summon
based on experience and the information at hand.

Most professional parachute riggers would refuse to pack
the parachute described in the scenario above, due to a
combination of age, the size of the individual, and the
potential use parameters.
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Chaprer 2

\Dosign an

It is important for the aspiring rigger to understand basic
design parameters and construction techniques of modern
parachute systems. The master rigger must have a thor-
ough understanding of these areas to perform any desired
or necessary alterations. An understanding of how the
systems or components were originally designed, and
why they were constructed as they were, is essential. Any
proposed alteration may degrade the function and/or
structural integrity of the assembly or component, thereby
causing it to fail.

The design parameters for certificated parachutes are set
forth in Federal Aviation Administration (FAA) docu-
ments, specifically within the Technical Standard Order
(TSO) system. Parachute certification standards fall
within the TSO C23 series. Currently, there are three TSO
documents under which parachutes are manufactured.
They are C23b, C23c, and C23d. Appendix I explains
these standards in detail. Military parachutes are manu-
factured and certified under a military drawing system;
however, some manufacturers have certified them under
the TSO system as well.

COMPONENT PARTS

Parachute assemblies and component parts are identified in
the following discussion. The appropriate nomenclature, as
well as the commonly accepted names, are defined below.

MAIN PARACHUTE

The main parachute assembly, excluding the harness, is
used in conjunction with a reserve parachute assembly as
the primary parachute assembly for a premeditated jump.
The main canopy consists of everything from the main
riser connector links to the bridle attachment point
(excluding the steering toggles). The major parts are the
suspension lines and the canopy, as shown in figure 2-1.

RESERVE PARACHUTE

The reserve parachute is worn in conjunction with a
main parachute used for premeditated jumps. The reserve
parachute consists of everything from the reserve riser
connector links to the bridle attachment point (excluding
the steering toggles). The major parts are the canopy, sus-
pension lines, and any type of deployment device that is
sewn to the canopy or lines.

Figure 2-1. Component parts of a main parachute assembly.

EMERGENCY PARACHUTE

The emergency parachute, excluding the harness, is
worn for emergency, unpremeditated use only. The
canopy may be identical to the reserve parachute.

HARNESS/CONTAINER

The harness and container assembly includes all the
remaining parts necessary to complete an airworthy para-
chute system except for the canopies. The basic har-
ness/container assembly is what remains when all items
that can be removed without unstitching have been
removed. Most sport parachute assemblies have the har-
ness and containers integrated into one assembly, but
many military assemblies may be disassembled into sepa-
rate harness and container subassemblies. The following
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Figure 2-2. Subcomponents of the harness/container
assembly.

items are subcomponents of the harness/container assem-
bly and are shown in figure 2-2.

PILOT CHUTES AND BRIDLES FOR THE
MAIN AND RESERVE PARACHUTES

The pilot chute is a small parachute or similar device,
which enters the airstream when released to act as a drag
device and withdraw the canopy from the container. As
such, it maintains tension on the canopy and lines during
the deployment process. Pilot chutes are either spring-
loaded or manually thrown into the airstream as a “hand
deployed” pilot chute. Some military or emergency pilot
chutes are ballistically deployed. A bridle is a piece of
line or webbing that connects the canopy or deployment
device to the pilot chute.

RIPCORDS OR EQUIVALENT DEVICES FOR
THE MAIN AND RESERVE PARACHUTES
The ripcord is a device for securing the container closed
prior to use. It usually consists of a handle, a flexible
cable, one or more pins, and a device for securing the
cable to the handle. Some modern ripcords use a stiffened
cable instead of a pin.

DEPLOYMENT DEVICES FOR THE MAIN
AND RESERVE PARACHUTES

Deployment devices are designed to provide an orderly
and controlled deployment of the parachute during use.
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Typical devices include bags, sleeves, pockets, straps,
and sliders.

MAIN PARACHUTE RELEASE MECHANISM
AND ASSOCIATED HANDLES OR STATIC
LINES

The main parachute release mechanism has two parts.
One part is attached to the harness and the other to the
risers. These types may utilize a separate release handle.
In addition, the reserve may employ a static line to
activate it.

RISERS, MAIN OR RESERVE, WHEN NOT
INTEGRAL WITH THE HARNESS OR
CANOPY, AND THEIR ASSOCIATED
STEERING TOGGLES

Risers are part of the suspension system between
the lines and the harness or load. Generally made
of webbing, emergency parachutes usually have the ris-
ers integral to the harness. Risers used on sport or mili-
tary systems used for intentional jumping have release
mechanisms installed. Steering toggles are usually
design specific to the riser for the type of canopy
installed.

OTHER HARNESS/CONTAINER ASSEMBLY
COMPONENTS

Other components designed to function as part of the
harness/container assembly, such as closing loops, also
may be used. Closing loops used with automatic activa-
tion devices (AADs) on reserve or emergency parachutes
are usually design specific to ensure proper operation of
the system.

Tso STANDARDS

The original TSO C23b for parachutes came into exis-
tence in 1949. The specifications were revised in 1984 to
C23c and again in 1994 to C23d. The TSO is a simple
two-page document that specifies the requirements for
certification. This document also references a perform-
ance standard that the parachute must meet. C23b para-
chutes were tested to standards under National Aircraft
Standards Specifications NAS-804. When the TSO was
revised in 1984, the specification document was drafted
under the auspices of the Society of Automotive
Engineers (SAE) S-17 committee as Aerospace Standard
AS-8015. When the TSO was revised again in 1994, the
revised document became AS-8015b with the original as
AS-8015a. Figure 2-3 is a table showing the pertinent
points of each of the TSO certifications. For a more thor-
ough study of the documents, refer to Appendix I.

The TSO system consists of two parts. The first is the per-
formance standards listed above. This ensures that the
parachute will perform as specified. The second is the
production approval, which ensures that the manufacturer
is able to produce the parachute as designed and tested.
While minor design changes are allowed, any major
design change must be submitted to the FAA for approval



TSO DOCUMENTS

TSO Number C23b C23c C23d
Performance Standard NAS-804 AS-8015a AS-8015b
Effective dates 1949-1984 1984-1994 1994-Present
Performance Low Speed 3000 1b| Category A Wt: 300 1b Variable-
Specifications Speed: 150 kts | Maximum operating
Standard 5000 1b| Category B Wt: 300 1b weight x 1.2
Category Speed: 175 kts | Maximum operating
Category C Wt: 300 1b speed x 1.2
Speed: 230 kts
Placard Limitations Low speed 3000 1b| Category A Wt: 198 1b Placard with average
Speed: 130 kts | peak force measured
Standard 5000 1b| Category B Wt: 254 1b during the strength
Category Speed: 150 kts | drops.
Category C Wt: 254 1b
Speed: 175 kts
Number of drop tests 28 68 68

Figure 2-3. TSO comparisons.

before implementation. A major change is any that will
affect the fit, form, or function of the parachute.

For the aspiring rigger, the primary purpose of knowing
the TSO system is determining the compatibility of com-
ponents when assembling the parachute system. This is
necessary in order to ensure that, besides fitting together
properly, the performance standards are compatible.
Under Advisory Circular (AC) 105-2—Sport Parachute
Jumping, “the assembly or mating of separately approved
components may be made by a certificated and appropri-
ately rated parachute rigger or parachute loft in accor-
dance with the manufacturer’s instructions and without
further authorization by the manufacturer or the FAA.”
Under these guidelines, there are certain parameters that
must be met. One of them is to ensure that “the strength
of the harness must always be equal to or greater than the
maximum force generated by the canopy during the certi-
fication tests.” Full knowledge of the TSO documents
ensures that the above requirements are met.

CANOPY DESIGN

Accomplished design skills are not necessary for the rig-
ger to properly service parachutes. The skills involved to
become a designer can take several years of training and
practice. It is necessary, however, that the rigger under-
stands some of the basic concepts to relate the perform-
ance characteristics to the design theory of the
components involved. For the average rigger, these con-
cepts are accepted as those proven and tested in the fin-
ished product. The following are specific areas that the
rigger should understand to determine the identity, func-
tion, and assembly of parachute components and their
interaction.

NOMENCLATURE

All riggers should become familiar with Parachute
Industry Association (PIA) Technical Standard 100 (TS-

100), Standardized Nomenclature for Ram-Air Inflated
Gliding Parachutes (See Appendix I). This document is
the official language and terminology used for ram-air
parachutes. It specifies the parts of the parachute, the
various construction methods, and the seam configura-
tions used. This is necessary for the rigger to understand
the manuals and repair procedures provided by the manu-
facturers for their products.

Figure 2-4 identifies the components of a typical round
emergency parachute. The nomenclature of this design

Pilot chute\'

\”

_~ Harness
Container ——

Figure 2-4. Round parachute assembly.
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has remained constant for several decades with a few
exceptions. While some riggers who skydive think that
the square parachute has replaced it, the round parachute
still has many uses and in certain instances fulfills some
mission requirements better than the square. Poynter’s
Parachute Manual, Volume 1, Chapter 8, provides an
excellent discussion of the design parameters and charac-
teristics of round parachutes for those needing more tech-
nical background.

CONSTRUCTION CONCEPTS AND
TECHNIQUES

TS-100 describes the various ram-air construction meth-
ods such as half-cell chordwise, full-cell “I”’ beam chord-
wise, full-cell interlocking “T” chordwise, and spanwise
configurations. When learning the various construction
methods, the beginning rigger can become confused as to
how the seams are folded together. Seeing the schematic
diagrams of the various configurations can help in the
repair sequence.

Round parachute construction is divided into two primary
techniques: bias and block construction. Bias construc-
tion is most prevalent in the early parachutes and military
designs. It is generally the stronger of the two techniques
due to its ability to stretch more during opening. In bias
construction, the fabric is cut and sewn so that the warp
and filler threads are at 45 degrees to the centerline of the
gore. A typical example is the 28' C-9 canopy.

Block construction is where the warp threads of the panels
are parallel to the hem of the canopy. Block construction
gained in popularity in the lightweight sport reserves of the
1970s and 1980s. They were easier to build and packed
smaller. An example of this design is the Phantom/Aerostar
canopies, manufactured by National Parachute Industries,
Inc.

OPERATIONAL THEORY

The rigger must have knowledge of how the parachute
functions. Without this, the rigger may not be able to
assemble the correct components so that they function as
a complete assembly. While the manufacturer may spec-
ify what components are to be used with their particular
design, with the vast numbers of products on the market
today, there are an infinite number of combinations being
used by the skydiving community. While seeming to be
compatible with each other, many designs have subtle dif-
ferences that affect their performance and operation.

MATERIALS

The materials used in construction have changed over the
last several years. This has resulted in better performance
and durability. The use of incorrect materials can have a
detrimental effect on the opening, flying, and landing
characteristics of the parachute. The growth in popularity
of the ram-air canopies in the 1970s required new fabrics
for the designs to function. Very low permeability fabric
was necessary for the canopy to remain inflated and main-
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tain the aerodynamic airfoil shape. To reduce the drag
created by the suspension lines, newer lightweight, and
high-strength materials were used. First Dacron®, fol-
lowed by Kevlar®, and now Spectra® and Vectran®.
While reducing the line bulk and drag, these materials
have introduced newer problems into the designs.

The ultra-low permeability fabrics inflate faster, and have
almost zero stretch. As a result, the opening forces
increase considerably. These effects have contributed to
newer packing and deployment methods to reduce the
loads on the parachutist and harness. These, in turn, affect
the design of the container systems. Using this as an
example, the rigger can see the chain of cause and effect
in the design process. Complete coverage of materials is
presented in chapter 3 of this handbook.

DAMAGE

Damage patterns identified during the inspection of
canopies can highlight problems caused from packing or
incorrect use. By being able to identify these patterns, the
rigger can provide the user with correct technique and,
thereby, prevent possible injury or death. In addition, the
rigger can provide valuable feedback to the manufacturer
of potentially serious problems with new designs once
they have been subjected to real world conditions. While
manufacturers conduct extensive testing programs before

Figure 2-5. Conventional containers.



Figure 2-6. Piggyback containers.

releasing new products to the market, very often, subtle
problems do not arise until the parachute has been in the
field for an extended period of time.

CONTAINERS

The container component assembly of the parachute sys-
tem is that part which encloses the canopy(s) and lines,
the deployment device if used, and the pilot chute. It is
held closed by the use of cones or loops, which are
secured by ripcord pins or locking pins such as are used
on hand deploy systems. Containers may consist of single
units as are used on pilot emergency systems, or multiple
units such as are used on skydiving piggyback systems.
The term “pack” is used interchangeably with container.
The harness and container assembly may be called the
pack and harness. The term “packtray” is used to refer to
the bottom panel or section of the container where the
lines may be stowed during packing.

Early containers were simply a bag-shaped unit that the
canopy was stuffed into and then tied closed. The para-
chute was static line deployed and the parachutist simply
fell away from the balloon or aircraft allowing the canopy
to deploy. With the advent of manually deployed free fall
systems, the need for a more secure and tailored design
became evident.

Originally, the parachute systems were identified by the
position at which they were located in relation to the body

Figure 2-7. Tandem container system.

of the user. These were the back parachute, seat para-
chute, chest parachute, and lap parachute. The con-
tainers were usually rectangular in shape with four
closing flaps. These configurations were primarily dic-
tated by the need to fit the assembly into the cockpit of
the aircraft.

With the growth of skydiving, the container configura-
tions and the associated terminology changed. The origi-
nal location of the main parachute on the back and the
reserve on the chest became known as the “conventional”
configuration. [Figure 2-5] The original tandem configu-
ration with both the main and reserve on the back became
known as a “piggyback” [Figure 2-6], and the introduc-
tion of a two-person parachute system became the new
“tandem.” [Figure 2-7]

CONFIGURATION

When canopies were packed into early bag-type contain-
ers, they always wanted to assume a spherical or round
shape. For the container to remain flat, it was necessary to
tailor the fabric and then use frames or bow stiffeners to
keep it flat and compress the pilot chute. Back designs
utilized multiple cones and pins, usually three or four to
maintain the length and width. Seat containers were
usually more square and thicker since they were held in
place by the seat pan. Most use two cones and pins
for closing. The same was used for chest and lap
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parachutes. Many military systems still utilize these basic
configurations today.

With the introduction of skydiving in the 1960s, most
equipment was of modified military designs, and the first
generation of commercial products were simply colored
versions of these designs. In the 1970s, skydiving
canopies had progressed to ram-air designs, which were
smaller in volume and had different deployment require-
ments. Container designs evolved to meet these require-
ments. The introduction of the hand deploy pilot chute
was probably the most influential concept in the evolving
container design. Cones were replaced by fabric closing
loops, and main ripcords and pins were replaced by hand
deploy bridles and locking pins. It was no longer neces-
sary to compress the spring-loaded pilot chute inside the
container. Thru closing loops were used to compress the
pack and make it thinner to conform to the body shape.
The use of deployment bags and other devices helped
provide shaping to the container. This was true for both
square and round canopies.

Today, most modern container designs have completely
done away with frames and bow stiffeners. This has
resulted in smaller, more flexible, more comfortable, and
more efficient container designs. Instead of metal stiffen-
ers, nylon plastic is used to reinforce the container flaps
for backing the grommets. The nylon is lighter, easier to
work with, and cheaper. Many of the modern military

Figure 2-8. Modern military container.
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designs now follow the design concepts pioneered by the
sport industry as they have proven better and more cost
effective. Figure 2-8 shows the similarity to a sport pig-
gyback system.

MODERN DESIGN CONCEPTS

The containers of today do more than simply enclose
the canopy and deployment device. Sport containers in
particular need to be designed so that they contribute to
the deployment needs of the specific parachute.
Piggyback designs have separate requirements for the
main and reserve containers.

The reserve container is generally small, tight, and
mostly wedge-shaped. Virtually all popular sport systems
are designed around the use of a ram-air canopy. The
deployment method of choice is a Type 5 deployment
bag. In the early days of the ram-air reserve, there were
certain container design requirements specified by the
manufacturer. These were:

1. A hesitator loop configuration secures the bridle and
holds the bag in until the reserve pilot chute is
deployed and under drag. [Figure 2-9]

_
Figure 2-9. Square reserve hesitator loop configuration.

2. Nonrestrictive corners to allow the bag to be lifted
off by the bridle in the event of a horseshoe-type
malfunction. [Figure 2-10]

Figure 2-10. Nonrestrictive container corners.



These requirements were adhered to for many years.
Today, containers achieve the required holding and
deployment needs through design tailoring. The bottom
corners of the reserve container are designed so that the
bag is held in place while the pilot chute and bridle deploy
and then releases the bag to the airstream. At the same
time, the bag can still deploy quickly in the event of a
horseshoe-type malfunction.

The main container is less restrictive than the reserve in
holding the main canopy in place during deployment.
This is important so that there is no tendency for the bag
to twist or be unstable on deployment. With many of the
main canopies used today, if the bag is unstable, it results
in the main canopy opening unevenly and causing spins
and possible malfunctions. Along with the main bag, the
main risers must be able to deploy evenly for the same
reasons.

In the early days of skydiving, the primary body position
was a stable, face-to-earth position. This resulted in the
main container being behind the parachutist out of the air-
flow. One of the primary problems faced during those
days was the high incidence of pilot chute hesitations.
This was the result of the container designs and the rela-
tively poor performance of the available pilot chutes. The
advent of the hand deploy pilot chutes reduced the inci-
dence of hesitations.

In the face-to-earth position, the primary purpose of the
container is to hold the canopy and pilot chute closed and
then allow it to open during deployment. Today, body
positions experienced during free fall range from head-
down to feet-to-earth and everything in between. Where
speeds formerly experienced ranged from 110 mph to
maybe 140 mph, today speeds in a head-down position
can exceed 200 mph. This has changed the container
dynamics to ensure a more secure system and increased
protection from the wind blast. These changes have
resulted in more secure and streamlined configurations to
accommodate these new requirements. Figure 2-11 shows
a modern container design shaped to meet the high-speed
airflows of today.

An additional area that needs to be addressed when
designing piggyback systems is the main riser covers. In
the early days of sport piggyback designs, the main risers
were held in position by webbing keepers. As the sport
progressed, the use of fully enclosed main riser covers
became the norm. In their attempt to protect the main ris-
ers during high-speed free fall, some designs tend to
restrict the deployment of the reserve container in the
event of a “total” main pack malfunction. When this hap-
pens and the main container remains closed, the main
riser covers do not open. Because of this, there is addi-
tional restriction over the upper corners of the reserve
container. This contributes to higher reserve bag release
forces when deployed. In severe cases, this can result in a

Figure 2-11. Voodoo™ container profile.

reserve pilot chute in tow with potential serious conse-
quences. The balance between sufficient main riser pro-
tection and the need for full reserve deployment freedom
can be an important design feature.

HARNESS DESIGN

According to Poynter’s Parachute Manual, “the harness
is an arrangement of cotton, linen, nylon, or Dacron®
webbing, which is designed to conform to the shape of
the load (usually the body) to be carried in order to secure
it properly so that the opening forces and the weight of
the load are evenly distributed during opening and
descent.”

The earliest harness was nothing more than a swing seat
that the parachutist sat on and then held onto the risers
or suspension straps. It soon became apparent that if the
openings were anywhere uneven, it could be very pre-
carious for the parachutist. While the sling seat worked
for the ride down, it was necessary to add additional
straps to secure the parachutist. These straps included
the leg, back, and chest straps. The standard harness
configuration is equipped to secure a torso, head, arms
and legs with straps. Others have been added over time
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Figure 2-12. Military harness.
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Figure 2-13. Super Swooper harness.
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for additional purposes such as survival kits or cushions.
Figure 2-12 shows a basic military style harness. This
harness configuration has seven points of adjustment to
allow fitting of most military personnel.

Most of the early parachute systems had the harness
detachable from the containers. This allowed inter-
changeability for various models. In the 1970s, skydiving
systems began to integrate the harness into a true har-
ness/container assembly. This was accomplished by
sandwiching the harness between the container and
backpad and sewing them together. Figure 2-13 shows
one of the earliest custom systems called the “Super
Swooper.” This harness was the precursor of today’s sport
harnesses.

As skydiving and the sport parachute industry has grown,
most of the equipment is now custom-built for each indi-
vidual. The standard piggyback harness configuration of
today is a fixed main lift web with adjustments only at
the chest and leg straps. [Figure 2-14] Elimination of the
extra hardware and webbing has resulted in a dramatic
reduction in weight of modern systems. Along with this
has been an increase in comfort and flexibility. One of
the most innovative designs adopted in recent years is the
“articulated” harness. This design incorporates metal
rings at the hip junction and the chest-strap attachment.
[Figure 2-15] These rings allow a full range of motion

Figure 2-14. Standard piggyback harness.



Figure 2-15. Articulated harness configuration.

both in the air and on the ground and increase the fit and
comfort of the harness. An added benefit is that this style
of harness is stronger under high shock loads. This is due
to the natural alignment of the webbing during the open-
ing process. With a nonarticulated harness, the webbing
junctions warp and load unevenly. [Figure 2-16] Because
of this, point loading occurs, stitching breaks, and the
junction can fail with disastrous results.

In recent years and with the increasing popularity of ver-
tical skydiving or “freeflying,” greater speeds are experi-

R

Figure 2-16. Standard harness junction warping.

enced with corresponding higher loads on the harnesses.
For many years, harnesses were overbuilt as they were
basically copies of military designs. As the sport has pro-
gressed, equipment has been made lighter and smaller.

BRIDLES AND DEPLOYMENT DEVICES
In the early days of parachutes, the lines and canopy were
stowed in the container. During the deployment process,
the canopy was extracted first, followed by the lines. This
was known as a “canopy first” deployment. If the canopy
inflated before tension was applied to the lines, a mal-
function was highly likely. Over the years, it was learned
that the deployment process needed to be controlled to
prevent malfunctions.

At the start of the Second World War, with the advent of
airborne paratroops, the main canopy was deployed from
a direct bag static line system. In this system, the main
canopy was packed in a bag, which was permanently
attached to the static line. After deployment, the bag and
static line remained with the aircraft. This system is still
used today with some modifications. For emergency para-
chutes, the military adopted the “quarter bag” in the
1950s for use with high-speed emergency systems.
[Figure 2-17] This was fairly complicated to pack but
effective in controlling the parachute during opening.

In the early 1960s, the sleeve was developed and soon
became popular for sport parachuting or skydiving. With
the growth of skydiving and the increased use of the
reserve parachute, it soon became obvious that the reserve
parachute needed to be controlled more. In the mid 1970s,
the two-stow diaper was developed for use with emer-
gency and reserve parachutes. This design was soon fol-
lowed by the three-stow diaper and the piglet-style diaper
invented by Hank Ascuitto. During this time period, the
deployment bag became the preferred method of deploy-
ing the increasingly popular ram-air or square canopies.
In 1977, Para-Flite, Inc., introduced the first ram-air
reserve canopy, which utilized the “free bag” deployment
system. This design continues to this day virtually
unchanged as the preferred method of deploying square
reserve canopies.

Figure 2-17. Quarter bag.
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Figure 2-18. Slider.

Reefing devices slow down and stage the opening
sequences of canopies, resulting in lower opening forces.
This is particularly critical at higher speeds where the
excessive “G” forces experienced may injure or kill the
user. The most common reefing device used today is the
“slider.” [Figure 2-18] This device consists of a piece of
fabric with grommets or rings at the corners through
which the line groups pass. This restricts the inflation of
the canopy and slows down the opening. While other
methods have been developed for military or aerospace
applications, the slider is the preferred method of reefing
ram-air canopies. Without this device, skydiving would
not be as developed as it is today.

DEPLOYMENT TYPES
There are currently six different types of deployment
methods.

TYPE 1: CANOPY FIRST DEPLOYMENT

With this method, the lines are stowed vertically or
horizontally in the container. Examples of this method
are the T-7A chest pack or the B-12 back parachute.
[Figure 2-19]

Figure 2-19. Type 1 deployment — T-7A reserve.

TYPE 2: TWO-STOW DIAPER OR HALF
DIAPER

This method utilizes split line groups. Two stows from
one line group lock the diaper, compensated by offsetting
stows of the other line group in the container with the
remainder of the lines stowed in the container. Examples
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Figure 2-20. Type 2 deployment — Strong Enterprises, Inc.,
Lo-Po reserve.

of this method are the early Strong 26' Lo-Po and the
Pioneer “K” series reserves. [Figure 2-20]

TYPE 3: ASCUITTO OR PIGLET-STYLE FLAT
DIAPER

This deployment features a full diaper with all lines
stowed left to right or perpendicular to the radial seam.
Examples of this method are the Piglet, Phantom, and
Security Aero Conical (SAC) canopies. [Figure 2-21]

Figure 2-21. Type 3 deployment — Phantom canopy.

TYPE 4: HANDBURY OR PRESERVE FULL
DIAPER

This features a choker-type diaper which wraps around
the canopy skirt. It is locked with three stows and all lines
are stowed on the diaper parallel to the radial seam.
Examples of this method are the Preserve series canopies,
Strong Lo-Po Lite, and the Hobbit square reserve. [Figure
2-22] The military quarter bag is basically a version of
the Type 4 method.

Figure 2-22. Type 4 deployment — Preserve diaper.



TYPE 5: FREE BAG

With a free bag, the canopy is stowed in the bag, and lines
are either stowed on or in the bag. They were originally
used on the Safety Flyer reserve. This is the dominant and
preferred method for virtually all modern square reserves.
[Figure 2-23]

Figure 2-23. Type 5 deployment — Free Bag.

TYPE 6: SLEEVES

This includes a fabric tube which encloses the full length
of the folded canopy. Lines are stowed on the sleeve. They
were originally used on early sport canopies, particularly
the Para-Commander. [Figure 2-24] A modern version
known as a “slag” is used on some ram-air canopies.

Figure 2-24. Type 6 deployment — PC sleeve.

An additional deployment method is the “tail pocket.”
This is a fabric pocket sewn on the tail of a ram-air canopy
in which the lines are stowed. [Figure 2-25]

Figure 2-25. Tail pocket.

SECURING THE DEPLOYMENT DEVICE

With all deployment methods, it is necessary to properly
fold or stow the canopy and secure the deployment device
with the lines. The early parachutes utilized hesitator
loops to secure the lines. [Figure 2-26] This method is
still used today in many military systems.

Figure 2-26. Hesitator loops.

In modern designs that utilize types 1 through 4 and 6, the
preferred method of locking the deployment device is
rubber bands. The specification for standard rubber bands
is MIL-R-1832. Type 1 are natural rubber and are 1/2" x
2". These were designed for use with the thicker Type 111
nylon lines such as on the 28" C-9 canopy. Many of the
newer lightweight, round canopies use smaller diameter
and fewer lines. Consequently, the standard rubber bands
do not work well. Some manufacturers supply smaller
diameter rubber bands to be used with their canopies. It is
extremely important to utilize the correct size rubber
bands.

With the introduction of the free bag system in 1977,
Para-Flite, Inc., used a BUNA-N “O” ring to secure the
locking stows. [Figure 2-27] During testing of the free
bag system, they found inconsistent holding and breaking
strengths of rubber bands. They wanted the locking stows
to release at a consistent force to prevent bag lock. The
“O” rings provided this. A couple of years later, the “O”
rings were upgraded to a thicker diameter model. In 1983,

Figure 2-27. Para-Flite “O” rings.
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Para-Flite, Inc. replaced the “O” rings with the Safety
Stow®. The Safety Stow® is a continuous loop of elastic
shock cord that runs through a webbing channel and
through two grommets to secure the first two locking
stows. [Figure 2-28] In the event of any restriction on the
locking stow, as the loop stretches, it allows first one side
to release and then the opposite side. This design is a con-
siderable improvement over separate rubber bands or “O”
rings and is used on most free bags today.

Figure 2-28. Safety Stow®.

It is important to maintain the rubber bands or Safety
Stow®. Rubber bands are susceptible to heat degradation
and dry out. If they break prematurely during use, the
parachute may malfunction. Natural rubber bands also
react to natural brass grommets and may become gummy
and sticky, causing the lines to stick to the diaper or bag.
[Figure 2-29] The BUNA-N “O” rings should be replaced
with the Safety Stow®. The Safety Stow® should be
inspected for broken stitching or internal rubber strands.
[Figure 2-30]

Figure 2-29. Old rubber bands.

Figure 2-30. Bad Safety Stow®.
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BRIDLES

The bridle is a cord or webbing strap, which is used to
connect the pilot chute to the canopy or deployment
device. Main and reserve bridles, while sharing the same
function, operate differently.

Early bridles were simply a length of suspension line tied
off to the two components. It was soon learned that the
length of the bridle affected the function of the pilot chute
and the opening characteristics of the canopy. If the bri-
dle is too short, the pilot chute cannot launch properly. If
too long, the snatch force is increased. On most round
emergency and reserve parachute assemblies, the length
and type of the bridle is fixed for optimum performance.
The rigger cannot change the configuration of the bridle
without approval of the manufacturer.

There are two basic types of round canopy bridles. The
first is a tubular nylon bridle that is tied on. The second
is a pre-sewn bridle with loops at each end. The loop of
one end is passed thru the attach point on the pilot chute
and then back thru itself forming a lark’s head knot. The
other loop of the bridle is then similarly attached to the
canopy apex. [Figure 2-31] With this type, it is essential
for the loop to remain loose to ensure the bridle is free
floating and self-centering around the apex lines. Hand
tack the loop to ensure this. [Figure 2-32]

Figure 2-31. Pre-sewn round bridles.
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Square reserve bridles are generally built into the free
bag. The bridle material is usually 2" wide or more for
high drag. The original concept of the free bag is to allow
the square reserve to deploy if the reserve pilot chute is
captured resulting in a horseshoe-type malfunction. The



high-drag bridle would then pull the reserve bag off the
parachutist’s back and allow the canopy to deploy free
from the bag. In the late 1980s, assistor pockets were
added to the bridles for additional drag as square reserves
became bigger and heavier. [Figure 2-33]

Figure 2-33. Free Bag assistor pocket.

Early main bridles were simply longer versions of the
reserve bridles. This was necessary to compensate for the
“burble” created in free fall by the parachutist. In the mid
1970s and with the advent of the hand deploy pilot chute,
the length of the bridle was critical in order to allow
proper extraction of the locking pin that secured the pack
closed.

In recent years and with the almost total use of ram-air
parachutes, the need for collapsible main pilot chutes has
become widespread. As the main canopies have become
smaller and faster, the drag of the inflated main pilot
chute after opening can have an adverse effect on canopy
performance. This problem has been solved through the
use of a collapsible pilot chute/bridle system. There are
two primary designs used to accomplish this.

The first is the “bungee” collapsible configuration. This
consists of a length of elastic shock cord inside a tape
sheath on the bridle near the pilot chute end. [Figure 2-
34] When relaxed, it holds the apex of the pilot chute col-
lapsed. When the pilot chute is deployed into the
airstream, the airflow inflates the pilot chute which

Figure 2-34. Bungee collapsible bridle.

deploys the canopy. After opening, the elastic pulls the
apex down again and collapses the pilot chute, reducing
the drag. While this system works, its main drawback is
that certain airspeeds are needed to inflate the pilot chute.

The second type is the “kill-line collapsible” configura-
tion. This consists of a bridle with a full length channel
through which passes a line of Kevlar® or Spectra®.
[Figure 2-35] The bridle is “cocked” and the lower end of
the bridle is collapsed during packing. This allows the
pilot chute to inflate immediately. During the deployment
sequence, as the canopy inflates, the lower end is
stretched to length and the centerline pulls the apex of
the pilot chute down and collapses it. This configuration
has become almost universal in use for skydiving today.
The only drawback is if the user forgets to cock the bridle
during packing. This will result in a collapsed pilot chute
and a pilot chute in tow. In the early days of use of the
kill-line bridle, this was a problem but has become less
frequent today. A properly made bridle will have a col-
ored “eye” at the locking pin location to show if it is
cocked and the centerline is set correctly. [Figure 2-36]

Figure 2-36. Kill-line “Eye.”

The kill-line configuration is used almost exclusively on
tandem systems due to the high speeds involved and the
size of the drogue pilot chutes. The bridles are usually
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Figure 2-37. Tandem main collapsible bridle.

made from 2" Kevlar® tape and have tubular nylon cen-
terlines. [Figure 2-37]

Another method of collapsing the pilot chute is to install
a No. 8 grommet in the deployment bag and allow the bag
to float on the bridle. After the canopy deploys, the bag
slides up the bridle, inverts, and covers the pilot chute.
This is commonly called the “poor man’s collapsible pilot
chute system.” The drawback to this design is the high
wear on the bridle and pilot chute mesh.

PiLoT cHUTES

A pilot chute is a small parachute, which is used to
deploy the main or reserve parachute. In the earliest uses
of parachutes, the parachute was static line deployed.
With the advent of manually operated or “free fall” para-
chutes, the need for a pilot chute was quickly recognized.

There are two basic types of pilot chutes. The first is the
spring-loaded design. This uses a collapsible spring,
which is compressed in the parachute container and held
closed with the ripcord. When the ripcord is pulled, the
pack opens and the pilot chute launches into the
airstream. The pilot chute provides drag and pulls the
canopy from the pack as the parachutist or load falls
away. During this process, the pilot chute also provides
tension on the lines of the deploying canopy and helps the
opening sequence. Spring-loaded pilot chutes are used
primarily for emergency and reserve parachutes. In addi-
tion, they are used in military free fall and training sys-
tems for the main parachute.

The second type of pilot chute is the “hand deploy”
design. This type consists of the pilot chute canopy but
does not have a spring to launch it. Instead, the para-
chutist extracts the folded pilot chute from a pouch or the
container and launches it into the airstream. The pack is
held closed by a locking pin attached to the bridle of the
pilot chute. As the pilot chute inflates, it extracts the pin
from the locking loop and pulls the parachute from the
pack. The rest of the opening process is similar to the
spring-loaded pilot chute. This configuration came into
popularity in the mid 1970s and is now the primary
method of deployment in skydiving.
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SPRING-LOADED PILOT CHUTES
Spring-loaded pilot chutes date from the 1920s. However,
it wasn’t until 1940 that the spiral vane pilot chute was
invented. This design used a spiral spring that is easy to
collapse and pack. The most common type of spiral vane
pilot chute used today is the MA-1 model. [Figure 2-38]
This is used in several military parachute assemblies. In
the early days of skydiving, military pilot chutes such as
the MA-1 and others were popular. Soon commercial
designs were introduced that improved on the MA-1 with
better launch and drag characteristics. These included the
Grabber® and Hot Dog® pilot chutes. Both of these were
primarily for use with main parachutes.

With the advent of the hand deploy pilot chute for the
main, most of the improvement in spring-loaded pilot
chute design has focused on its use in the reserve or emer-
gency parachutes. This has paralleled the improvements

Figure 2-38. MA-1 pilot chute.



in container design and the increased use of AADs. Both
of these require better pilot chutes than in the past.

One example for reserve use is the Magnum® pilot chute
designed by National Parachute Industries. [Figure 2-39]
With its unique shape, it provides maximum drag at low
speeds such as are experienced during cutaways. Its
design has been licensed by other manufacturers for use
in their assemblies. Additional designs include the Vector
II reserve pilot chute and the Stealth pilot chute. The
Vector II design is a “ballute” configuration that elimi-
nates the use of mesh. In the event of an unstable launch
on its side, the mass of fabric is sufficient to lift the pilot
chute and deploy the parachute. The Stealth pilot chute
uses a conventional mesh design but has a unique
spring/cap configuration that allows the pilot chute to vir-
tually disappear when packed, hence the name.

HAND DEPLQY PILOT CHUTES

The hand deploy pilot chute was invented by Bill Booth
in 1976. There are two types of hand deploy designs. One
is the throw-out pilot chute (TOP) configuration. This is
the type where the pilot chute pulls the locking pin
located on the bridle. [Figure 2-40] The original design
had the pilot chute pouch mounted on the belly band.

Figure 2-39. Magnum pilot chute.

Today the primary location is an elastic/Spandex® pocket
mounted on the bottom of the main container (BOC).
[Figure 2-41]

The second type is the pull-out pilot chute (POP) config-
uration. This design has the pilot chute packed in the con-
tainer, which is locked with a straight locking pin
attached to a short lanyard and handle. [Figure 2-42] This
handle is usually mounted on the bottom corner of the

Figure 2-40. TOP bridle/pin configuration.

Figure 2-41. BOC pocket location.

Figure 2-42. POP handle and lanyard.
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main container. The parachutist grasps the handle and
pulls the locking pin from the locking loop and brings the
pilot chute into the airstream. The handle is usually
attached to the bottom of the pilot chute and as soon as
the chute enters the airstream, the handle is pulled from
the parachutist’s hand. This makes for a positive deploy-
ment. The main drawback to this system is losing the han-
dle due to it being dislodged while moving around in the
aircraft or in the air.

AUTOMATIC ACTIVATION DEVICES
AND RESERVE STATIC LINES

Safety considerations have led to the development
of automatic activation devices and reserve static line
systems. These devices allow for automatic deployment
of the main or reserve parachutes in the event of
an emergency.

AUTOMATIC ACTIVATION DEVICES
Automatic activation devices (AADs) are devices which
activate the parachute automatically. Modern systems
combine a barometric sensor with a rate of descent sensor
so that the system is fully automatic once turned on and
calibrated. The activation may be by either pulling the
ripcord pin(s) or cutting the locking loop(s), causing the
pilot chute to release. Most older models use a mechani-
cal or pyrotechnic pin pulling technique. Newer models
use a pyrotechnic loop cutting design.

For many years, AADs were primarily used by the mili-
tary and student parachutists. The designs were bulky,
expensive, and, to a degree, inconsistent. The 