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ABSTRACT

FParachule pack Labrics ulilized in personnel decelerators are subjected

to extensive solar radiation {primarily U~ V) during in flight missions and
1clau &,ruund handlmg situations, :

Pax achute pack rep’lac.eme,nts during the service life of a pé.rachute
‘repulis in additional costs, unnecessary and éxcessive out-of commxssxon
time, and the uquxreme.nt for 1arger mventories.

The data pr esented herein covers the work accomplished on an internal
program to study the reaction and resistance of various types of actual.
and Landxdate parachute pack fabrics t6 ultra-viclet exposutre. |

As'uxpected Type 330 nylon was the most U-V resistant material
cvaluated. PBI-IT and dyed Numex had approximately the same percentage
retention wf breaking and tear strength but were not equal to U-V resistant
nylon. -
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SECTION I
INTRODUCTION
- Bome of the more readily recognized requirements for fibrous materials

_in Alr L’ufge end items and applications include uniform, flight and protective

c:lothiﬁg; life s.upp.t:zrt. e@uipfﬂeht and .ciéce.i'éraidi‘tltxatei'ials. In the'azfeafo"f:‘

m_at'erialé;-fpr personnel dég_eleré#ors,- the oviqn;fa,.ll"cost.cquld..be reduced and
" the out-ui-commission tine décreése.&'by utilizing a more vcll\.1‘1;aLBl'-'é inva'ra..chute : L ;

pack fabric with a service life more clo'sely appj-dx,imat'_lng'that of the canopy, o :

The more durable pack ifabric must also meet improved reliabllit,v anril safety ' ‘

when exposed to fire, Eve‘,n s]."ight flame lmpingément oﬁ the pi‘.esen.t nylon | “
' p:;ick can result in fusion of system components and failure of the canopy to 1

deploy. The search for new or improved fibrous materials for-aircrew pro-

tection from fires is continuous and unreléntin;g. Stanton (Ref 1) evalug‘ted

the thermal characteristics of readily available and experimental fabrics - -
R intendéd for use in life Asui)i)_o'r{; éyatém'é'for alrcrew protectmn Fabrics
evaluated were béthv combustible and: non-combustible ';.nd \Qe:é oﬁtained from ) q
Air Force Inventory and various Industrial Sources. The Air Force fabrics *
ranged from the flammable but extremely comfortable cottons to the equally
comfortable but totally nonflammable polybenzimidazole, (PBI). Beta Glass,
Kynol, Nomex, .Durette, Fi-Pro and FfFabrLc comprised the group of
Industrial Fabrics which were evaluated and characterived. It was only
natural that fabrics suitable for personnel protection would find usage in >
related life dependent applications requiring the same degree of operation

reliability. From Stanton's (Ref 1) {indings, Nomex and PBI therefore




‘ avaﬂ,abilit"y" of PBI is currently mote limited.

appear desirable for parachute pack and harness applications. They possess

clihie more desirable characteristics and properties of nylon but have
much hﬂifgvher thermal stavility, and do not support combustion or melt when
in contact with flamme. Nomex is readily available commercially while the

Operational experience has shown that the parachute pack is aubj‘ected'to

‘a variety of physical-and chemical conditions which can cause detefioration;

howaver, the degfadation ﬁecessitating frequent fepla’cement of the pack
fabric is largely attributable rtc solar radiation.

The work presented herein covers an inve stiéation of the effécts 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 bage on thermally sunitahle fabrics for personnel protection by
]pl'_oviding ultraviolet reaction information whi“ch heretqfo.re ‘wad not available.
The degree of degradation occurring in a material is contingent upon the
environment to which exposed, Acclelerated weatheri.ng and natural weathering
are.not directly and infallibly transposable; however, fabric reaction to
accelerated weathering ie an indicator of what can be anticipated and expected

under natural conditions.

*TRADE MARK. E. I. du Pont de Nemours




TABLE II

EVALUATION PROGRAM
Seven '7) fabrics in use or being considered for use in the manufacture of
' .pamr.hute packs were inve stiggted and the findings are reported. Of the three
p:-\c.k'fabrics currentiy in service, ;‘.wo (2) conform to the specification require-
tents of MIL»C-3$I351 while the other fulfills those outlined in MIL-C-7219C,
Tahle I. | Thé two (2) candidate materials consist of & fire resistant Durette
(speci.auy. tra;uted Nomex) and PBI fabrics possessing physical properties as
near those of pecification nylon pack materials as was available, Table I and II.

Control samples and test specimens were prepared from each of the
selected fabrics in accordance with Federal Test Method Standard No. 191,
Preparation of specimens for hoth warp and filling te st.ing was considered
redundant since both would reflect a;ﬁﬁroximately the same degree of
degradation and subséquent change- in properties, On this premise, the
determination to test only in the warp divection was made.

Properties and characteristics of the control samples including such
attributes (propcerties) as yarn count, weight, thickness, breaking strength,
nmlongation and tear strength were determined Table II,

The test specimens were exposed for periods of 50, 100 and 150 hours
in the accelerated Weathering Unit, Atlas»Wea;therometer. using vertically
mounted Sunshine coppei 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 70°F + 2% and 65%RH + 2%) prior to testing. After
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accelerated aging and conditioning, breaking strength (Figure 1) and tearing
strenglh (Pagure 3) propertics were ascertzined and compared with the
control to determine thie resistance to deterioration. Resistance to
detervicration or degradation is indicated by that strength (% of original)
remaining or retainad after exposure (Figures 2 and 4), Tearing and br-eék-
ing strengths were determined by the tongue tear (5134) and ravel strip
(5104) methods outlined in Federal Test Mﬁthod Standard No. 191, All tests
using the Instron Tensile Teater were made by a single operator in order to
minimize variations in both procedure and results obtained. The Instron
Tensile Tester was adjusted to obtain a jaw separation speed of 12 + 0.5
inches/minute with a 3-inch gauge length for the aforementioned tests and

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

B * A bl Ll T S
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BREAKING STRENGTH {LBS/iN}

3

FIGURE 1
BREAKING STRENGTH AFTER WEATHEROMETER EXPOSURE
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SECTION III
DISCUSSION .

‘MeGrath Ref, 2 & 4.conducted accelerated Weathering versus Outdoor

Exposure Tests and concluded thag 9?_?_‘_?@}9?19’? of the results is neither uni- .

Ve 1-i3a). ~n0‘; u;ééltx'i;ﬂocal. | Tﬁ"'e autﬁof vr'épo.rt,ed i'xowever',. that &c‘éel.e-i';\ted“
' Wcathermg reac*ion isa reasonable lndmator of-the fabrics. aubaequent
weathcrmg expect‘am reactmn to outdoor exposurpAperforma.mce in the natural
cnv;rtonment-.- 4Theae conclusions g.nd fmd.mgs were uubltantiatcd bgr ’Hlnd'son
R “’ft 6) wh’o"advo‘sa;t.ea the use of';y.:__cqlerated wegtha_rflng exposures to predict
material perfu;manc-e and avold its a.cc.ep.tan.ce and/or usa.gleA if it is apparent
that ;apld degradatic;r; wili oceur -froﬁ:; natural outdoor weatherlng.. :

APré\Ad_ou's work by Hargeave-a,.Mc&{jrath and Boone (R-ef,‘ -3, 4, angl_ 5)_
indicate that 100 to 150 hdvdvrs of rapid a‘glng under the carbon arce of the

“weatherometer results in a degree or state of degradation approximating that

~which occurs after six weelks to three monthe exposure to the natural elements -

Hu‘wever, Rose and Dauksys (Ref, 7) repof,t tha.f upon compavv'rlng' f#h&ic dé.ta
obtained from outdoor samples to the a.ccel-erated weathering samples, it
was most significant that outdoor exposure caused more serious degradation
than ertificial weatheriﬁg. -

1t thérefofe appears that in most ait.uagi'onln the un_é of the yveatherbmeter |
to predict a material's subsequent performance is sound since deéradation in
the natural environment would very probably be more severe than the indicated

by the laboratory test,

1




. . | - - . . - B o .A K SE “"'—-- | e e immne -: B it PN UEP \_.._A._—._A..u... _.,,_,,:‘j
inh cunsonance with the above, and upon termination oi accelerated aging {
1
for cach of the aforestated exposure periods, the specimens were removed
“from the Weathercmeter and the. breaking utrength tearing strength and _ "

elongation were determined. The brea.klng ltrength data are pre-ented in

V‘igures 1 and 2 and Table ;V & V, whne tearing ntrength h lhoWn in,

P LgureB 3 and 4, and Tables VI & VII and elongation attrlbuteu are contained '

in Ta.;ble- 111 Durmg analy\ns of the datu, tha breakmg ltrength and tear

~strength of the nylon 6-6 -ia.bric came unde.r suachion due to the very low %

retained mechanical properties. The source of the fabric was questioned

_and it was established that the fabric had been in AF stock for a number of

i

years. ’I‘hw led to the conclusion that the nylon yarn usad was not U-V and

heat resistant. A sample of fabric was obtained which wan known to be
woven of d'uAP.o"nt 'e Type :530--ya1fn. TAhla _1- 1abened as nqu‘n I; in Tablg 1X
and X, Similarly the data on the PBI-I fa.b.rlc did not agree \a;ith that of Ross
~and Opt (Ref. 8) Anuther PBI fabrlc (ln & llghter weight) made frum a
| :.'""j&xfferent (and newer\ batch of‘cbntinﬁﬁuf fx‘.tﬁi‘naﬁt y’*arn (T\”BI II) WEE" axposed - ’
in the weatherometer with hyion 1I for 50, 100, and 150 hours under the same |
condxtions already descrl‘bed The data shown in Table VIII and X confirmed
the earlier data (Ref. 8).- o o .
The nylon 6-6 yarn with the built-in U=V inhibitor was in all cases |
except PBI-1I the most resistant to degradation atall expomre..level'a; The
PBI-II was quite resistant to U-V, An previously reported by Ross and &
Opt (Ref, 8), PBI has the capabllity 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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potymer and to Some cxtent spinning and drawing conditions.

receacch inthis area s still in progress.
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SECTION 1V

CCNCLUSION
Changes in the characteristics of a fibroua {nutarial 1pclud1ng'. imong
 others, colnr. breakmg atr ength. and elongation are m proportion to light
mt;enmty and time of exposureo, Although 150 houra in the Wentharometer is
T A re)atively short time, the expoaure duration and light. intenlity are suffi-
cient to engendor Lhangt‘u pred:ctwe of nubsequant performance.

I‘he comparatively poor U-V resistance of the first nylon eyuluated-h

attributesd to the fzict that TJ‘-;V resistant yarns afxd finishes were not used
in the specific parachute pack fabric removed from inventory for use in the
program. To ascertain the correctness of this conclusion, 8 uéond "nylc;n
C pavk fabric (nylon-11) CONFORMING TO THE REQUIREMENTS of MIL-C.
7219C waws talen from stock. It was nubjédied to dupiicative evalu;tlon

and analyuis with substantially difforent results, Ae indicated in Table IX

_ this second matcrisl had a. gwater rouintanca to Unv. dsgradation as campnad

to the fivst nylon evaluated, For pack fabrics, the use of nylon should be .

discontinued because of its low melting temperature (482°F) and its flammability.

A decidod ndvantage in replacing nylon with a nonflammable materialin
personnel parachutes is the ability of these materinis to withstand flash fires
sufficiently long to permit eggeni from 5urn;ng aircraft.

.'I‘he PBI-II was found to have U.V stability superior to that of both the
dyed and undyed Nomex and Durette (Figures 1-4 and Tables IIl through X)
with respect to breaking strength, The dyed Nomex retained slightly more

tear strength than the PBI-1I but the % strength retained difference was only

22



[ Y
a few |orcentage points. The thickness of the PBI-II (which was thinner

and lighter in weight)”might have been one reason for the difference in .

retained taar strength

The dye used to obtain the Olive Green color lnd the Duretta trutment o
for ﬂameprooﬁng appear to nct ae IT v inhibitorl on the flbricn [ ) treatad. _

'rhelr mnlutmce to degradation wu improved ovcr thu exhibiud by undyod

Nornex., bince the retained propertian are not an good s the lpeciﬁcation

nylon (II), suparata -program_a have been- 1nitiated to da.velop c.homircnl ldditlve“n

to enhance the U-V ‘resistance of then‘o two ﬂberl (PBI; lnd Nomex); Little

is known of the progreu belng mado by E. I. du Pont de ‘\Iemourl. Inc. to

xmp»ove tho u-v reahto.nce of Nomex,
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Parachute pack fabrice utilized in parsonnel decelerators are tubjeoted

to extensive solar vadietinrn (primurily U-V) during in flight missions and related

grmmd hnndling IH:LIM:"OI‘II. .

_Parachute. pack jgmacgmq _;tl during the nwico life of & pv.uchute ruulu m
"mdditlunnl costs, unnecessary and excessive out of commission tima,” lnd e
requirement for Iarger lnvantoﬂu.
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chute pack fabrice to ultra.viclet exposure. . . _

As axpscted Type 330 nylon was the most U-V resistant material evaluated,
PBI-Il and dyed Nomex had approxirmately the same percentage utontion of brask.
ing and tear strength but were not squal to U.V resistant nylon,
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