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FOREWORD

Thie report was prepared~ by the'.Fibroiws Materials. Branch, Non-
mnetal lic'Materials Division., Air Force eiMaterials. Laboratory. Air Force
Systems Comrwhand.- It was Initiated tinder -Projec-t 7 3Z0. "'Fibrous
Materials For Decel~erators and Structures". and Task 73ZOOZ 'Fibrous
Structural Materialts" with Mr. Donald R. May, Jr. 'acting as Project
Engineer,

This report has been reviewed and is approved..

~1*E0'HNART, JR.,Chief
Composite and Fibrous Materials Branch
Nonmnetallic Materials Division
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ABSTRACT

.. rdthuLL ck labrie; utillzecd ill per nrI, I dccclccrators ;r' subje cted
to extensive' solar radiation (primarily U-V) during in flight missions and
.r-lated ground handling situations.

Parachute pack replacements during the service life of a parachute
reault"h in additional ost.j ".nnecessary and ex e sive ouat -of cqormmission
time, and the requirement for larger inventories,

The data presented herein covers the work-accomplishe4 on an internal
program.-to 'study the reaction and. resistance ofvarious types, of acta i
and candidate parachute pack fabrics ti ultra-violet expoasre.

A s oxpected Type 330. nylon was the m6st U-V resistant material
evaluated. PBI-II and dyed Numex had approximately the same percentage
retention Qf breaking and tear strength but were not equal to U-V resistant
ny Ion.
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SECTION I

IN J2RQDUCTION

Sunine of the mocreadily recognized requirements for fibrous materials

io Air Force end itemns and applications include uniform, fOight and protective

clothinig, life support equipment and decelerator materials. In the-area of,

materials for personnel decelerators,- the overall. cost could..be reduc~ed an~d

the out- of -crninission tin-e decreased'by utilizilng a more durabl'e parachute

pack fabric with a service life mnor'e closely app.;roximating'that of the canopy.

The ziiore durable pack fabric must also meet improved reliability and safety

Mien expused to fire, Even slight flanie imrpingement on the present nylon

pack ctin result in fusion of system components and failure of, the canopy to

depoy.The sea~rch for new or improved fibroues materials for-airerew pro-

tection from fires is continuous and unrelenting. Stanton (Ref 1) evaluated

the therrmal characteristics of readily available and experimental fabrics

.0itended fQr urne.n~life suppart aystbms for ai'rcrew' protection. Fabrics

evaluated were buth combustible and non-combustible and were obtained from

Air Force Inventory and various Industrial Sources. The Air Force fabrics

ranrged. frrnr the flammri~ble but extremely comiortablel cottons to the equally

comfortable but totally nunflamm-rable poly~ben~zirnidazole, (PBI). Beta Glass,

lKynol, Nornex, Durette, Fl-Pro and F-Fabric comprised the group of

industrial Fabrics which were evaluated and characterized. It was only

natural that fabrics -;uitable for personnel protection would find usage in

related life dependent applications requiring the same degree of operation

reliability. Frorn Stanton's (Ref 1) findings, Nomexc and PBI therefore

1
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;Lpl).,ar desirable for parachute pack and harness applications. They possess

, !,, i,', Isirix bit' . i'h~l"t.te ristics and properties uf nylon but have

much higher thermal stauility. and do not support combustion or melt when

ill contact with flamlee.. Nomex is readily available commercially while the

availability of PB i8s currently mote limited.

Operational experience, has shown that the parachute pack is subjected to

a variety of physical"and chemlcalolnditions which can cause deteriorati6n;

howo.ver, the degtadation necessitating frequent replacement of the pack

fabric is largely attributable to solar radiation.

The work presented herein covers an investigation of the effects of

accelerated aging on various type pack fabrics for -the purpose of predicting

those best suited for Air Force operational use. Additionally, it expands

",the data base on thermally suitable fabrics for personnel protection by

providingi •ltraviolet reaction information which heretofore was not available.

The degree of degradation occurring in a material is contingent upon the

environment to which exposed. Accelerated weathering and natural weathering

are not directly and iinfallibly transposable; however, fabric reaction to

accelerated weathering is an indicator of what can be anticipated and expected

kinder natural conditions.

**HTIADE MARK. E. I. du Pont de Nernours
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TABILE II

EVALUATION PROGRAM

Seven `7) fabrics in use or being considered for use in the manufacture of

parwj.i1ute packs were investigated and the findings are reported. Of the three

pack fabrics currently in service, two (2) conform to the specification require-

aients of MIL..C-38351 while the other fulfills those outlined in MIL-C-7219C,

Table I. The two (2) candidate materials consist of a fire resistant Durette

(specially treated Non-,ex) and PBI fabrics possessing physical properties as

near those of specification nylon pack materials as was available, Table I and I.I

Control sarnples and test specimens were prepared from each of the

selected fabrics in accordance wth Federal Test Method Standard No. 191.

Preparation of specimens for both ,varp and filling testing was considered

redundant since both would reflect approximately the same degree of

degradation and subsequent change in properties. On this premise, the

determination to test only in-the warp direction was made.

Properties and characteristics of the control samples including such

attributes (prop,-rties) as yarn count, weight, thickness, breaking strength,

elongation and •tear strength were determined Table 7I.

The test specimens were exposed for periods of 50, 100 and 150 hours

in the accelerated Weathering Unit, Atlas- Weatherometer, using vertically

mounted Sunshine coppel coated carbons, with filters of Corex D glass and

without a water spray. Upon completion of accelerated weathering, the

specimens were allowed to condition for a minimum of 24 hours at standard

conditions (temp 700F + 2 0 and 65%RH + Z%) prior to testing. After

3
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.'lrat:cd aging and conditioning, breaking strength (Figure 1) and tearing

,••�I�,Lf Iý1 qiu.x'c 3) prupurtucs were iasce t-tined and compared with the

',,utcvol to dctermine tl;,! resistance to deterioration. Resistance to

dete.Hioration or degradation is indicated by that strength (% of original)

.. ,,aining or rotainid after exposure (Figures 2 and 4). Tearing and break-

ing strengths were determined by the tongue tear (5134) and ravel strip

(5104) inethods outlined in Federal Test Method Standard No. 191. All tests

uSing the Instron Tensile Tester were made by a single operator in order to

mi,,nilize variations in both procedure and results obtained. The Instron

'.h i•iile '"Pester was adjusted to obtain a jaw separation speed of 12 + 0..5

lijches/ininute with a 3..inch gauge length for the aforementioned tests and

an average of five (5) samples was used for each evaluation and determination.

6A



360- FI GURE 1
IBREAKING STRENGTH AFTER WEATHEROMETER EXPOSURE

A --- NYLON
300 -NOMEX

K -- D-URETTE
* N N OMEX -06
PBI -I

280 X-- PBI -I1

240-

252 00 N

U1-160 -

z120

80- --

40 Trade Mark Monsanto Company.
**Trade Mark E. 1. duPont do Nemours, Inc.

CONTROL 50 100 150
HOURS EXPOS URE ACCELERATED WEATHERING
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SEcrION III

DISCUSSION

McGrath Ref. Z& 4.-condu.cted. ac~celerated Weatherý.ng versus Outdoor

ENP.Poure Tests and concluded thatý correlation of the results is neither uni -

vurtaai nor unequivocal. The author reported however, that accelerated

weathering recini ea-sonable Indicator- of-the fabric s, subs-equent

weathe-ring expectant reaction to outdoor exposiure performrance in the natural

environment. Theme conclusions and finding s were substantiated by Hind'son

.(R, ef.. 6) w hbadvocates the use of ayrcelerated weathe~ring exposures to predict

material performance and avoid its acceptance and/or usage if it is apparent

that rapid degradation will occur from natural outdoor weathering.

Previous work by 1-argeaves, McC rath and Boone (Rai. 3, 4, and. 5)

indicate that 100 to 1.50 hours of rapid a~ink under the carbon arcs of the

ývc.atherometpr results in a degree or a iate of degradation approximating that

ýwhi-ch:-occurs. after. six. _week. _to__thrae,, nad4ths- exposure to the natural eleniente

However,1 u~s.a and Dauksays (Ref, 7) report that upon comparing fabric data

obtained frovi uutdoor samples to the accelerated weathering samples, It

was ostsigifiantthat outdoor exposure caused more serious degradation

than artificial weathering.

It therefore app~ears that in most situations the use of the weatherorneter

to predict a material's subsequent performance is sound since degradation In

the natural environment would very probably be more severe than the indicated

by the laboratory test.

-........ ..... ...- . ..- -. ~ ~ --- ,-.--- - . - - . -
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in cunsonance with the above, and upon termination oi accelerated aiging

foi e(- -h uf the afore stated exposure periods, the specimens were removed

fru-ni the Weatheromete~r and t~he-breaking strength, 'tearing strength. and

elongation were determined, The breaking strength data are.'presented in

F~igures I and Z, and T-able: IV-& V, while tearing strength_-ts. shown in

Figures 3 and 4, and Tables VI & VII and elongation attributes are contained

ini Table: III. During analy~sis of the data, the b rea ki n*g sttrengthaandtear:

strength of the nylon b-6 fabric came under suspicion due to the very low 7o

retainied mechanical properties. The source of the fabric was questioned

and it was astablished that the fabric had. been In AF -stock for a. number of

years. This led to the conclusion that the nylon yarn usad was not U-V and

heat resistant. A samiple of fabric was obtained which was known to be

woven of du Pont of Type :330 -yarn. Thisa is labelled as nylon Il In Table IX

and X. Sinillarly the data on the PBI-! fabric did not agree with that of Ross

and Opt (Ref. 8). Another P BI fa.b ric (in a. lighter weight) made from a

.dffrent (iik 7newer. o c 07onttizUiti tlmftyr PI-I a xoe

in the weatherorneter with nylon 11 for 50, 100, and 150 hours under the same

conditions already described. The data shown In Table VIII and X confirmed

the earlier data (Ref. 8).

The nylon 6-6 yarn with the built-in U-,V Inhibitor was In all cases

except PBI-11 the, most resistant to degradation at all expo sure. levels, The

PB1-I! was quite resistant to U-V. As previously reported by. Rose and4

Opt (Ref. 8), PBI has the capability of retaining properties, when exposed

to U-V, but this property appears to be dependent on the quality of the

12
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poymernendn to g•vre extent spinning and drawing conditions. Further

regearch 'n-this areC is still in progress.
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S1ECTION IV

CONCLUSION

G('h-angts in the characte~riatics of a fibrous material inclu~ding, among.

others., color., bre~akuig strength. And elonzAtion are in proportion to light.

* ft;en,;ity and time of exposure. Although 150 hou~rs in the Weatharometer IN.

a relatively short tirne, thei exposure. duration and light mpntqity are BuUM-

c~iert i.( engondor changes predictive of subsequent performance.

The comvparatively poor tJ-V' resistance of the first nylorn evaluated is

attribut~ei to the fact that U.-V resistant yarns and finishes were not used

in the, spocific parachute pack. fabric remiovedi fromi inventory for use ir, the

program. To ascertain -the correctness of this conclusion, a second nyloll

paý'.k fa~bric (nylon-11) CONFORMING TO TAEI REOUIP.EMENTS of MIL-C-

721')G was taken from stoc.k. It was subjected to duplicative evaluation

and analysis 'with Lsubstantially different results. An indicated In Table IX

1- -thi&...e.conid. mate rial had. a. gretex-r~e.sistanca- to-11-V doearadatton. a-a compa-rad

to the, first nylon evaluatod. For pack fabrics, the use of, nylon should be

discontinued because of its low riolting temrperature (482 0 Y') and its fl.'anrability.

A decided advantag in~ replacing nylon with a nionflammable material in

personnel parachutes in the ability of theso materilas to withstand flash fires

SufiMCiently long to permit egress from burning aircraft.

*The P131-II was found to have U-V stability superio~r to that of both the

dyed and un~dyed Nomex and Durette (Figures 1-4 and Tables III through X)C

with respect to breaking strength. The dyed Nornex retained slightly more

tear strength than the P131-Il but the % strength retained difference wasn only

22



n CCew i.orv(ntage points. The thickness of the PB1-I! (which was thinner

and lighi erin weight), might have, been one reason for the difference in4

retainled tear strength.

The dyre used.to qbtain; the. Olive Green color and ths Dure~tte treatment

for flarneproofing appear to act as IT..V inhibitor-s-ot the fabriciso"9 treated.

Thi~ ~sm'dc o degadation was i'm roved over thi.t eithibited by undybd

Nornex. Since the retained properties are not. as. good as the spec~tfication
A

nyloit (HI). separate programs have been initiated to'develop chemical additive 8

to crlharkce the U-V -resistance. of theme two fibers (PBI and Nomex). Little

i a known of the progress being made by E.I1. du Pont de Namnours, Inc. to

inip ove the U-V resistince of Nomnex.
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Parachute pack fabrics utilized in personnel decelerators are subjected
to extensive solar radlatirn (primarily U.V) during in flight missions and related
grou~nd handi~ng situations.

Parachuopack .duri~ng ýthe service lift of a parachute results in
additional Costs. unnecessary and ecsieoto o~ufntnai h' --

requirement, for larger invenktovies,

The data presented herein covers the work accomplished on an internal program
to study the reacetion and resmistancee of variou~s type. of actual and Can41dsto pakra-
chute pack fabrics toutav~1p exposuree.

As expected Type 330 nylon was the most U-V resistant material evaluated.
PB1-,Il and dyed Notnex had approximately the same percentage retention of break-
ing and tear strength but wore not equial to U-V resistant nylon.
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