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FOREWORD

»

This handbook was first published in March 1951 as the United States Air Force Parachute Handbook intended
to supply the practicing engineer and others with a reference work which was authoritative in character and which
covered the field of design and construction of parachutes, test equipment and test methods associated with para-
chute develc pment. By December 1956, sufficient new data had been accumulated to revise the original handbook
to an expanded second edition. In June 1963, a second revision82 was published which further broadened the con-

tent and technical scope, as reflected by its title: Performance and Design Criteris for Deployable Aerodynamic .—

Decelerators.

< This third revision is titled Recovery Systems Design Guide, based on the recognition that other systems beside
decelerators are increasingly involved which. affect the overall process of recovery system design and comgonent
selection, and for which technical data have besn gathered pertaining to their application, design, construction, and
testing. '

. The effort required for this revision was performed during‘ the period 1 June 1975 to 30 June 1978. The report
was submitted by Irvin Industries Inc., California Division, for publication ,ir:}wtemher 1978.

This revision was aecqmplished under Contract No. F33615-75-C-3081, Froject 2402, Task 240203, for the Air
Force Flight Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio. The Air Force Contract Managers for
" the project were Mr. R. H. Walker and Mr. J. H. DeWvuese, (AFFDL/FER).

Principal authors contracted by Irvin Industries Inc. for this revision were Mr. E. G. Ewing, Mr. H. W. Bixby, and

Mr. T. W. Knacke. Important contributions were also made by numerous individuais from various U.S. Air Force,
Navy and Army agencies as well as NASA and privste industry in reviewing the revised material.

| o Precedng page Nank
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INTRODUCTION

Recovery is a term popularly used to identify the process of arresting a state of motion and bringing to rest a
valuable object (payload) by means of a deployable aerodynamic decelerator. Both minimal damage and retrieval
are implied in the recovery purpose and concept, hence, recovery often incorporates provisions to soften the
impact of landing and to disconnect the decelerator after landing. The payload may be an airborne crewman, a
data capsuie, a supply package or an entire air vehicle. Its state of motion relates to the performance limits of the

. payload carrier defined by an envelope of achievable speed and altitude conditions for stzble, normal flight, or in
an emergency for unstable, erratic flight. Recovery usually employs a parachute as its principal component, but
other types of deployable aerodynamic decelerators are also used. Tne definition of recovery exteads to arresting
the motion of aircraft or payloads.on or near the ground by means of a parachute. Thus, recovery is a sequence
of events which may include deceleration, stabilization, steady descent in atmosphere, landing, locating, retrieval
and sometimes refurbishmer.t if the purpose of recovery is to enable use of the recovered otject, over and over.
In some recovery cycles, the descending parachute is intercepted in mid-air, thus modifying the nature of the
landing event and expediting retrieval. A recovery system is the combination of special components incorporated
in and inwegrated with a flight vehicle system to effect recovery of the vehicle or its payload under predictable
conditions considered durirg its Jesign.

. The role of recovery varies according to application and is closely allied to the development progress of the
parachute. Initially developed as a rescue device for airmen in trouble, when aircraft were relatively slow and
escape was easy, the parachute has kept pace with expanding requirements impJsed over the years by aircraft
capable of higher speeds and altitudes, demanding materials resistant to increased temperature and loads without
a penalty in weight.. Today, recovery provides not only ‘‘emergency rescue”, but also “expediency’’ as exempli-
fied by delivery from air of personnel and equipment in military actions or flreflghtmg, and “economy”’ in the
operational reuse or development of air vehicles. Recovery also prowdx numerous minor roles in special applica-
tions, e.g., retardation or slow descent of an object or instrument “on station” such as an illumination flare or
wind-drift target.

The purpose of this handbook is to serve as an authoritative reference for all aspects from application to design
definition and developraent of recovery systems and components. The initial chapters present the state-of-the-art
by describing representative recovery applications, components, subsystems, materials, manufacture and testing.
The final chapters provide technical data and analytical methods useful for pmdn:tmg perfarmance and presenting
a defmmw design of salected componants into an installable and operable recavery system. :

Background ) : ) )

The history of parachutes dates back to medieval When World War | began in 1914, airmen did not
days. Earliest evidence from Chinese archives indi- carry parachutes. Post war-time improvements in life-
cates that parachute-like devices were used as early as saving parachutes were rapid and many features were
the 12th Century. Pictorial evidence of the drag introduced which are in common use today including
device principle " appeared in the sketchbook' of static line and pilot chute deployment, harness attach-
Leonardo da Vinci in 1514, but historic records show ment, and bag containment. Experiments continued
actual implementation occurred late in the 18th in the U.S. which resulted in acceptance in 1919, of
Century, in experiments and by exhibitionists jump- the “free” parachute system, released from the pack
ing from balloons. The years of experimentation by the operator after he jumped. Testing of this para-
with parachutes until the start of the 20th Century - chute type, and further experimentation with other
produced little more thar: crude, unreliable devices. types continued in this country and abroad. The first

. Early parachutes were held open: by a rigid frame- parachute which was standardized by the U.S. Air’
work, These were gradually replaced by versions Service after extensive development effort, was of
which introduced the central vent for improved sta- the seat type, for use by pilots and crew members.
bility and all ﬂex'ble types Wh'Ch could be folded and The first service type parachute became standard in
packed in a bag. | 1924 and consisted of a pack containing a flat circu-
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lar solid cloth canopy of bias cut sitk, 24 feet in diam-

eter, incorporating a three-point harness release.
+ A later version was increased to 28 feet in diameter.

As early as 1928 it was apparent that parachutes
for such specific applications as premeditated jumps
{paratroops) and airdrop of supplies had to be devel-
oped. Experiments and development of parachutes
for these applications were limited in the United
States until 1940 when an official paratroop training
program was established at Fort Benning, Georgia.
Also, concerted attempts were made to airdrop mili-
tary equipment of significant weight, which led to the
use of larger parachutes, and to arrangements of
canopies in clusters.

For mamy years silk was the favored material for
parachutes. Unavailability of silk ied to experiments
with man-made textiles. Rayon was used for cargo
parachutes, and by the end of 1942, most other
materials were being replaced by nylon.

Prior to 1940, steps «aken to design and produce
parachutes were primarily unscientific and. arbitrary.
The cut-and-try approach prevailed and the only pre-
requisite for parachute design and construction
appeared to be a knowledge of the sewing trade. Not
until the begirning of World War il was emphasis
placed upon the scientific approach to parachute
+ design and performance prediction. The Germans
and British deserve credit for initial adherence to
scientific investigations to establish more funda-
mental aspects of design and operation. Most major
developments in parachutes tc satisfy diverse applica-
tions have occurred during and since World War II.

The British varied cariopy shape and cloth porosity
to optimize openirg reliability and limit stress in
personnel parachutes. Their investigations produced
extensive data on the phenomena of squidding and
filling rates. Their workmanship .and construction
techniques were well developed.

Two unique parachute types, the ribbon parachute ,

and the guide-surface parachute, originated during the
war in Germany. Both types were developed to a
high degree of excellence after theoretical study and
experimental effort. Because of its excellent stability
. characteristic, the guide-surface parachute was em-

ployed operationally for trajectory 