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*SC)m1B A.S3Pj.-CT5 011 lIJ- BViLUALWX OF THE~ U. ~L LIF 6"
OF N~YLON PARZACHMM E ANDI P4JAMHUTF, YATMRAI5

Introduc-tion

M~olecular stability is a -serious problem 'Taring the produaers and
users ofT the7 new syn.thetic fiber5. Cot ton' fbers and cotton fabrics
have been used for thousands of years and mary of the Potton fabrics

* taken fron~ the toimbs of thip Phax-ao'ns iri Euidt are still serviceable
today. Unfortunately, 'nicany of the oynthet-5e' fibers that have been de-
veloped _41- riecent years do not poss Fss the ~c ~tcmst ability of -the
natural fibe-s and are subject to d roeinby subtle- influences
that occur in storage, weathering, expo:sure to .sunlight and atmospheric
fumes. - ylon is particularly v-ilnerable in this respect and &7,s a higher
degradation" rate from exposure to sunilght than other synthetIc fibers,
It is also extremely sensitive to acid fumes which are- quite prevalent.
in inlustrial and send-industrial- areas.

In any planned procuremient pmogram for parachute and parachute compo-
nents serious con sideration must be given to the sensitivity of nylon to
these deteriorating influences. In additi6n, studies designed to determ!ine
wh&ether parachutes,, which have-reached the excpiration of their -stated use-
fli service liffe, may be used for additional periods of time -shoald Anclude
a. comprehensive etatistical suzrry of parachlates ivhich have been stered in
various locations and. used ,under a variety of c~nditions to determine
Wrha+hw _4-+311 cf i 4 vw. '$r"e ,r 4 :S r: 2z
IL, wouldi be aesiranle to na-ve a-n esuottve t~et wIctcolbeapL.e
to the parachute to detvermline whether it is still suitable for--the intended
purpo-e. Under less ideal1 conditions,, it i-s possible to spot-check the
stress-strain chara-1teristics of swatches of fabric c=t from parachutes.
which can then be. zanded for re-use if found satisfactory. One hundred
percent inspection and repair of this type night prove to be feasible for
extending the service rife of parachutas,. particularly those of the cargo
type.

-An~ aim- of the current worc*V nser rce J.ebigcridot t~

Conwan$ is to determine the limits of degradation to be expected which 'can
serve as a basis for determining the extent and severitj of the detoriora-
tion problemn. The approach beting followed is to subject parachute ompo-
nents and sub-assemblies to degrading inf .uezLss ouch as light, heat arid
storage under various climatic conditions for pericds of time up to and
exceeding what might be encountered under the most - eve-I'e use conditions.
Prom such data, extrapolatins may be made to determine the potential

1. 415 Appendix A for the complete Proposled Program of the QM 9D -Commnand
on Aerial Supply Equipment. (Applicatfbns Zn~ineeriog Phase 'only.)



residual service life of existing -tocks of parachutes ith known use -and
storage history. With such knowlcdge, decisioni regarding serviceability
tay be made on a statistical sampling basis rzther- than 100% inspection.
The ,specific studies wiich form a part of ou current, program are out-
lined in Table 1. While limitatios on -ud d personnel do not permit

J a broad frntal attack in all of these areas, studies are in progress on
.4ertain pYhases of some of the tasks listed therei.

Table 1

YFACTMS NFUENCI1 SERVICE LIFE

1. Solar -and ultra-violet radiation."

2. Wetting and drying in sunlight and drying equipment;

3.Permanent. set during utorage.

Mechanical damage in. use and maintenance'~
. . Durability of seams and thread

6. Deterioration due to chemical atmospheric agents.

7 Fatigue due to repeated impact lowding. 4--

S A .problem that jst be considered in eVeluating ultimate service
ife of parachute materials -and sub-assemblies is the fact that par a--- -.e+ . .. ... - I .. .... .. .

ere not normally used for the evaluation of materials of this type in
the laboratory. For example, stresses are applied to parachute compo-
nents -at speeds exceeding, in many trstancea, 40 ft. per second and at
local strain rates which may be considerably higheir. It is well known
that the mechanical properties of textile materials will vary considerably
depending upon the rite at yhich load is applied. For exvmple, at low
-elmcities of aplication of load, nylon will .absorb more strain energy
than silk. .However, at high rates of application of load, silk will
£Abso t~i4e the energy of nylon. Accordingly, in any study of the

-srvics ife, the physical and mechanical properties of interest must be
evalu"ted at the rates of speed encountered );n normal usage of the end

tem. At the present time, available equipment permits the evaluation
of m~a2.l elements of fabric structure such as yarns and possibly seams
.at the necessary rates of load. Instrumentstion Is being developed

cvh -will allow such measurements to be made on all- of the textile
.cuponents of a parachiute and in fact, on copplete deployment-bag
gtatic-line assemblies, if necessary.

Onfortunate2y, all of the work that has been done on the deterio-
MUS* I of nylon to date has been carried out on equipment which evaluates
mchanical properties under relatiftly static conditions. Accordingly,

"the v a1 e obtalze4 are .nly indicative of the properties of interest in
pwaitat applic ,ions.: Another diffiulty with the general data that

2
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kI
are available in the textile literature regarding deterioration of nylon
arises fromi the fact that the tests were conducted on structures quit . .
different from those., of interest in the parachute field. ln fact, some
of this information can be misleading, because some types of degradation
such as that due to solar radiation occurs at the surface of the .material
and for thick structures the rate of degradation will be less than nor-
Mally expected. Parachute materials are quite thin, ranging in weight
from 9/10 ozo per sq. yd' to 2 oz. per sq. yd. In such materials, the
rate of degradation will be quite rapid because the exposed surface con-
stitutes a congiderable.amount of the substance of the fabric,. In fact,
an informal report has been brought to our attention that parachutes
from a -Mwiufacturer in England sustained 60% failure in use because
the manufacturer resorted to drying the Darachutes in sunlight after a
cleaning operation. Considerations such as the above make it absolutely
mandatory that evaluations of properties affecting serviceability be
conducted both on the proper materials and under conditions simulating
field use.

Solar Radiation

At the present time, several programs are in progress in our lUbo-
ratory to evaluate the influence of the deterioratlng factors -which -have
an influence on service life enumerated in Table 1. -The item on solar
and ultra-violet -radiation is being studied, and a series of panel.s con-
taining the various, components of the s.andard T-10 nylon parachute have
been exposed-to solar radiation at Fort Lee., Virginia. Complete .nd de-

and other materials are being exposed and selected exposures are being
made under filters to determine what wavelengths produce the most serious
degradation. This information may be useful in developing special dyes
or finishes to filter out the most degrading types of radiation as a basis
for extending the service life of the parachutes. Rates of degradation
are being studied both by -chemical methods to determine the fundamental
molecular changes that accur in the nylon -polymer and also by mechanical
tests conducted at rates of speed approximating those encountered in nor-
mal usage. While we have not obtained sufficient data to allow the pre-
sentation of any trends observed at this timej, the general nature of the
reltionships-which may be expected are shown 3.n Figuire 1, which is basod
on data obtained from the Larr - Handbo4 of Textile Fibers.

FFECiT OF EX OSURE TO
WEATHER ON $YNTETIC FI

T1.

0 no WO 600 800 i000
H fours of Sunshine :
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It is apparent from examining th' three curves given that the rate of
degradation of nylon is quite high, even at. evaliuated under static
conditions. Orlon, on the other hand, according to these data, appears
to be rather insensitive to outdoor exposure.

Wetting and Drying

Practically ro informiation is a-v.aahLe on the influence of wetting
and drying cycles either under condition.' of use or in parachute drying

, equipment on the deterioration rate of nylon. it is well knovw that I
rlon is sensitive to heat and it is al-z known that the tensile proper-
ties of nylon are influenced by the prese,- n of moisture; however, the
interaction of these two effects, particu2. rly when carried out on a
repeated basis such as would occur in the nornal use of parachutes, has
not been studied. A program has been deVeloped and will be implemented
im the very near future to study the effects of cyclic wetting and drying
An the new parachute drying equipment that has been developed. In addi-
tion to providing basic iformation on the potential degradation, the
expriment is so designed as to assist in establishing optimum operating
conditions for the dryer. Standard information released by duPont on the
effect of heat on the strength of nylon fabrics is plotted graphically

SFigure 2 where it may be seen that both time of exposure and temper4ture
vf exposure have a profound influence on the resulting degradation. /

1-BMW H ME=?J~ VS. AIRL ?,j01j RF IMPU AT1 TRR
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A5 b e exposnre temperatures, degradation wil take place in much
saorter time intervals. A' lower temeratures, equivalent degradation
sq be obtained oa y with much longer exposures. The British have also
studied this phesmenon both in relation, to the exposure temperature for
SIzd time interval and the temperature under which the strength of the

ili i steated. & he results of their work is shown in Figure 3 in whic
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•tenperature of agoiIng in 16-hoa- period:s is plotted against tenacity for
several testing temperatures.
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tures have a profound influence on the strength of nylon yarn. Our work
/ lU extend these findings to include both wetting and drying cycles on
parachute materioa. and under testing conditions that will be more realintic
for parachute components.

_tore Problems

Inforzation is becoming, available which indicatos that a setting pro-
css occurs during the storage of nylon which may adversely affect its
mechnical properties. The first indication of such storge setting Was
rePorted by the Boston Naval Shipyard, where was ma&i. the observatian that
MI= rope that had been in storage for certain lengthe of ,-U developed
a set which resulted In a Ima ked increase in the stiffness and a resAltant
l3M in utiity of the rope. Their inveetigtio'o indicated that this
setting which occurred storage might be related t- the prior +heat-treat-
Ing history of the rope during. amLftaturig . .t such permanant set occurs
In 1lWon parachute fabrics, it is likely that the streas-strain poperO,
particultrly under dynamic conditionso, ill be adversely affected. In
this conection, a controlled storage experinent has been initiated at the

* Ocmand in which samples of the components or the T-l0 parachuto have been
equed under imulated storage conditiowa in climatic ehambers which
dliUcate the diurnal fluctuations in tempierature and hmiAit, to be

1.
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expected in tropical, desert and suimer-temperate climates. Samples
..ill be removed from t,..e three chambers periodic.ally'and evaluated,
and the results compared with the control tesb data obtained prior to
exposure. In addition, studies are planned on nyrlon fabrics and para-
chutes which have been in depot storage n various areas for periods
of time up to and in~luding the maxinum .er issable under regulations
at the present time, to determine whether evidence of storage setting
exists, and to evaluate its influence on properties related to service-
ability.

Mechanical Degraation

Surveys arc planned in connection with maintenance studies to
doatermine the most probable cause of desp.ge to parachutes in useaid maintenance operations. While such studies have as their major

objective the reduction of the need for the great amount of maintenance
and repair that is conducted on parachutes and related equipment at
the present time, a useful by-product of this work may be the develop-
ment of means of improving design to reduce or prevent such damage.

lDurabilitY of Seams
.-Another problem that we face in studying the influence of deteriora-

tinrg meachanisms on the service life of parachutes is the fact that it
.haa been customary to use a finishing agent for parachute fabrics and
Jar thrftjd t~hat. V "Zlv r4.~S S&~a

U.iwao L&, uwv or suorage could decompose with the release of acid. At
the present time, considerable amount of effort is being given to the
development of more stable finishing compounds such as the siliconez.
,It is likely, however, that some of the parachutes in stock havo been
poessed with less stable finishing compounds. A study is planned in
which standard finishing compounds that have been used by the parachute
ndustry in the past will be- applied to parachute components and sub-

jected to a -variety of aping influence to determine the degree of do-
Vadation that can occur. In addition,.particular attention in our

sweil e analyes will be given to a study of1deterioration of .thrad
a• , serm as a reault of. possible acid release from such finishing Oa

"mA iUrAse in aid fumeS In industria& and sek-ndustriul areas
becm a poblem *f ma or asitude to any oruimities. Even in

2aio far removed from industrial areas "-anl..out," duri rainfall
ADON In ttich'this individua droplet. ane snairacd with chemical
.ad acidic materia which bave a patcual mgi nleco

ui of acild was sufficiezi. + Idgl to case -struction of nlon
lwy being worn I. P arahutes, have been obsei'ved in which+ a Iee.c eoddisace nwi amshei ocnr.
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local pitting or hule forn atici over b;xoad areas has occurred whicb
could possibly havo resulted from exposur to contaminated rainfall.
Upon evaporation of the water from the drops, concentration of the
acid occurs which could easily reach the point causing serious damage.
An indication of the loss in strength to be expected from exposure of
nylon. to acid is given in Table 2. It should be recognized that con-
centrations of 10% acid may easily develop in localized areas due to
evaporation of more dilute solutions.

Table 2

EXPLURE IN 10% S'; R ACID

AT 70OF

,trength
Retained Nylon 840-140/00

Noexposure 100
-0l hrs. 85

1.0 hrs. 76
I0.0 hrs. 57

100Q0X hrs. -

_uigue Effects

-nave been suojectea to continued use over long periods of time. As a
result of the repeated stresses to which the nylon is subjected, fatigue
effects develop which may considerably reduce the ability of the material
to sustain additional impact loadings. While no work is contemplated in
this area in the immediate future, it is quite probable that some feasi-
bility studies will be conducted to deternihe the limits of the deteriora-
tion which could possibly occur through this mechanism.

t 7
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Proposed Program-Statement for FY.-57 on Aerial Supply Equipment

A. Production and Industrial Engiy iing Activ 'ti s on Priorities-

Itemso Which Hax cesulyCu Ae h Ehrineer-

Jng Test Stage

NQt applicable

B. Msretn

Nt40 applicable

C. Technical Advice and Assistance -in Non-R&D Areas

D.' Pmopet or T~rovemtent of Special. Items or uien
to upprtthe g C Mission and or Neet Specific Request

1. -:Sudyofthe mintenance and repair of aerial delivery

of repairs necessary, as well) as the amount or equlp-
iient and personnel required for the work

a.Collection and-analysis of-data on the types and.1
frequencies-of failures occurring in aerig1 supply
textie items, e.g., freq-fall., bags, parachute and
deployment bags

b. Development of criteria for the evaluation of the 2
naiture'and. type, of failures which result in theA
need for repairs, as well as of failures which
occur-in the repaired parts

S o. The investigation of designs of textile elements-
such as seams, hems,, etc.,-with a view to making
recommendations which will. facilitato maintenance
and repair by the QXC

(1) Study of the effect of needle damage on cargo
. and. personnal parach~ute canopies. andi omponenteu,

.. deployment bags, and back packs4



Priorities-

(2) Study of the strength losses -in sewing-
thread encountered in the various seing.
operations caused by needle heat, abrasion
by needle and other machine components,
and abrasion by the fabric when stitch is
being set.

(3) Determination of the proper relationship
of thread size, nee.ile size, finish and
type, sc-itches per inch, stitch type, etc.,
in order to evolve the optimu stitching
requirements for the various textile items .......
used in air supply

2. Evaluation of the effects on the textile components
of cargo-type and free-type parachutes, of storage
for various repack intervals, for support of a pro-~gram of the QM Training Command aimed at determining "4. ,,
the feasibility of increasing the repack interval,
to effect economy in maintenance and mam-hours

a. Study of the textile components of parachutes ..
after various experimnental repack intervals as
determined by QM Training Command; to determine
suitability for continued ume

(1) Evaluation of physical properties of important
textile components

(2) Determination of fiber deterioration by chemi-
cal tests, and identification of foreign or
deleterious material

3. Provision of advice and assistance in the QMC Surveil-
lance Program on textile items and materials used in
aerial-supply equipment, with the aim of determining
whether savings can be effected by an extension of the
present nuinal service-life, for the original purpose
or for les critical 3Vrposes
a. Evaluation of aerial-supply equipment which has be- 1'

a*e 6veraga in service, with special reference to
the aging characteristice of the textile components

(1) Physical exaoination of salvaged Canopy, Cargo
Parachute, 25 ft., RAYon.

44



Priorities
__b. Examination of textile riateriaas, such as webbig, 1

tape, etc. used in the repair and maintenance of
aerial-supply- equapipmnt, which have become overage
in storage in QM depots

(1) Mea urement. of impact strength and rupture
energy, in comparison 'ith ney ma'veriala

Study of the aging characteristics ofztextile con~ponents

in QK air-type equipment with the aim of extending the
useful and. safe service life of personne! and cargo-type
" parachutes and/or textile materials u:,d therein

a.- Study of the effects of normal dead storage on the .

• -" " (1)- Evaluation of the physical propeiti[es of canopy"-

. fabrics, suspension-line cor_, and webbings"
stored for various periods up to three years in
-the Cycli;ng Climatic Chambers at moderate-desrt,

. - mist-tropical, and summer-temperate conditions

b. Stud*yof the deteriorative effects of solar and ultra- 1
viQ) et rj ii tion-on thit rvi ctnl and nf.mirnl inmiti ~q
%P.& .F.-uU'J % Op WWUU.U WUu vIcr SL1.Q Z AJA

air-type equipment

(i) Eposure of nylon canopy fabrics, tapes, susension
lines, Webbings and threads to natura. solar radia-
tion at FEA facilities at "Fort Lee, foa periods ex-
tending from i'to beyond 28 days;. and evaluation- of
the-physical properties wf the exposed samples

c Study of the resistance of threads and seams .to aging
and exposure under various conditions and cycles, with
special reference to oxidative-or other forms of degra-
datIon induced by lubricating cils-used in finishig '

Y the 'fabric or 'in sewing

(1) Treatment of fabric with various kinds of finishes
to be sewed into seams and exposed to various condi- -tiorns to determins whether the fabric finish has

.adversely affected thread and seam strength and seam
- _ ~slippage...

(2) Treatment-of thread with various comercial thread
lubricants for exposure to various conditions to
determine possible adverse effects on thread and
seam durability

10
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Prioritit~
d. Study of the effects df exposure to various cycles 2

of rain, sunlight, cleaning and drying on the physi- _ ... ..-..

cal properties of textile items

5. Study of the mechanical behavior of the textile compo-- . j
nents of air-type items under simulated dynamic condl- . - jtions of use

a. Study and 'omparison of the impact behavior of
textile rmaterials in structures in current use, 1
such as '_ res VIII and XIII webbLg& with special
reference to the performance of parachute static

lines
(Massachusetts Institute of Technology)

(1) Development of principles to be utilized in

the design of a fabric with improved resist-
ance to impact under high-speed loading

(2) Establishment of a basis for the modification
of static lines to- improve performance

V. Study and comparison of the impact behavior of 2
various types of seams, stitches, and threads,

composed of different man-made fibers, used in
parachutes and auxiliary air-tvoe esuirniit

6. Surveillance of the performance of supporting equipment
in engineering tosts to insure that such performance does
not unacceptably alter the properties of the textile compo-
nents of aerial supply equipment

a. Parachute drying equipment 1

(1) Evaluation of effect on textiles-in ;porso l o
and cargo parachutes of a variety of types and
materials, of drying in newly developed papa--
chute drying equipment to be engineering tested1! at Fort Lee

i
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