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TESTING AND EVALL7A"- ION OF DACROlJ PARACHUTE ELEflENTS 
AFTER CXPOSlJRE TO ETHYLENE OXIDE AND 

SI!'iULATEI, PACKAG.F: LOADING AXD HEAT CYCLE 

by J.  Skel ton,  R. E. Sebring, and K, E. Cragan 

Dacron parachute components, and assemblies of these com- 
ponents w e r e  exposed t o  the vaLious environments encountered i n  a 
s t e r i l i z a t i o n  proceduxe: e thylene  oxide; heat c y c l e  and pressure 
packing; and a s e q u e n t i a l  combination of these, A f t e r  exposure 
t h e  specimens were examined for dimensional s t a b i l i t y  and tested 
for evidence of degradat ion,  or  other changes i n  important mech- 
a n i c a l  p r o p e r t i e s .  I t  was shown t h a t  compr,nents made from heat-set 
Dacron w z r e  completely s table ,  and showed e s s e n t i a l l y  no loss 
i n  s t r e n g t h  a f t e r  exposure t o  t h e  var ious  cond i t ions ,  ei ther separ-  
a t e l y  cr i n  combination. As a consequence of t h e  dimensional 
s t a b i l i t y  t h e  a i r  permeabi l i ty  of t h e  canopy ~.abric  w a s  no t  changed 
s i g n i f i c a n t l y .  The various environmental exposures had the effect 
of r e l ax ing  stresses i n  the ccmponents and assemblies, w i t h  t he  
r e s u l t  t h a t  some p r o p e r t i e s  such as seam s t r e n g t h  w e r e  enhanced. 
The only corrsonent tested t h a t  was not  made f r o i n  heat-stable Dacron, 
namely t h e  riser webbing, shoi-ed poor di.nensiona1 s t a b i l i t y ,  and 
marked evidence of degradat ion a f t e r  h e a t  cyc l ing .  
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The development of systems designed to land spacecraft 
on other p l a n e t s  of t h e  solar s y s t e m  has established t h e  nead 
fer s u i t a b l e  d e c e l e r a t i o n  rm.-ices S i n c e  all spacec ra f t  
des t ined  for landing on extraterrestr ia l  bodies must be sterl i-  
zed t o  prevent  contamination by earth organisms it i s  i m p x -  
t a n t  t h a t  t h e  materials used i n  the spacecraft dece le ra t ion  
system are compatible with the s t e r i l i z a t i o n  proccSures, and 
do n o t  s u f f e r  degrada t ion  which n i g h t  impair t!?eir func t ion ,  
Current  s t e r i l i z a t i o n  procedures use a combination of exposure 
to e thylene  oxide and dry heat cyc l ing .  Previous s t u i i e s  (ref. 1) 
have shown that Dacron is a s u i t a b l e  candida te  materia!, €or 
use  i n  parachute  d e c e l e r a t i o n  system, since it shaws only 
small thermal degrada t ion  and has good dimensic-a1 s t a b i l i t y .  
The effect of specific mission environment on 
intended for the parachute canopy OE a Mars landing system 
has also been described ( re f .  21, and it was shown that the mechani- 
cal properties of this fabric were r e l a t i v e l y  i n s e n s i t i v e  to 
t he  var ious  exposure c o n d i t i o n s .  

zron fabric 

L'n a d d i t i o n  t o  t h e  s t e r i l i z a t i o n  procedures, the parachute  
system is also subjected t o  pressure  packing i n  order t o  reduce 
i t s  bulk,  and it i s  necessary that the components can wi ths tand  
Lhis t rea tment  without s e r i o u s  degradat ion.  T h i s  report 
d iscusses  the effects on  Dacron parachute  compcnents of exposure 
t o  e thylene  oxide, t o  eimulated pressure  packing 2nd heat cyc le ,  
and t o  a succession of these environments. I n  order t o  permit 
a f u l l  eva lua t ion  for design purposes, the study was n o t  limited 
t o  canopy fabrict  b u t  included also braid, tape and webbing 
used i n  parachute  manufacture, together w i t h  seam samples and 
radial j o i n t  and suspension l i n e  assemblies. The materials were 
examined p r i n c i p a l l y  for s t r e n g t h  degradat ion,  breaking elonga- 
t i o n  changes and diniensional s t a b i l i t y ,  but measurements were 
ale0 made of t h e  air permeability of the canopy fabric under 
varieua biaxial  loadin9 conditions. The r e e u l t s  of t h e  rtudy 
provide t h e  fundamental d a t a  requi red  t o  determine c o n t r o l  
parameters for predict ing the f i n a l  size  and s t r e n g t h  of para- 
chutes  a f t e r  exporure t o  t h e  prelaunch environment. 

?EST SPECIMENS 

T e s t  specimen8 were provided i n  accordsnce w i t h  drawingr 
ruppl ied  by NASA Langley,  numbered LC-153,830 through LC-153,840, 
copis* of which are included i n  the appendix t o  t h i s  report. The 
specific de8ignstionr of t h e  drawings for the various t e s t  speci- 
mens are  given below: 
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Canopy P a n e l  S t r i p  T e n s i l e  Specimen, Fig IaJb 
Canopy Panel Grab Specimen, Fig I I a  
Canopy Par.el Grab Specimen, F ig  IIb 
Suspcmsion Line Specimen Fig 111 
Reinforcing Lime Specimen , Fig  I V a ,  IVb 
Canopy Air Permeabi l i ty  Specimen, Pig V a , V b  
Canopy French F e l l  Seam Specimen, F i g  V l a , V I b  
Canopy Radial Gore Seam Specimen, Fig VIIa,VIIb 
Canopy Gap-Hem Radial Tape J o i n t  Specimen, F ig  VIII 
Suspens jm Line Radial Tape J o i n t  Specimen, Fig IX 
R i s e r  Specimen, F ig  X 

The ma te r i a l s  used i n  t h e  f a b r i c a t i o n  of the  test specimens 
are s p e c i f i e d  below: 

(1) Canopy Fabric.  Manufactured by S t e r n  and S t e r n ,  and 
woven from 70 Denier, Type 55  Dacron y a x  i n  a 2.0 oz/sq yd r i p -  
s t o p  p a t t e r n ,  q u a l i t y  15586, wi th  a mhixum thread count of 96x101. 
The fabric has a m i n i m u m  s t r i p  breaking load of 69.4 Ibs i n  the 
warp d i r e c t i o n  and 68.2 l b s  i n  the f i l l i n g  d i r e c t i o n .  The fabric 
is n a t u r a l  i n  color, and is heat -se t  t o  maintain dimensional 
s t a b i l i t y  wi th in  1.5% after exposure t o  3S3OF for 8 hours. 

( 2 )  Radial Tape for Gap Hem Reinforcement. Bal ly  Ribbon 
M i l l s ,  Co. P a t t e r n  1014 woven f r o m  220 d e n i e r ,  type 52 high 
t e n a c i t y  Dacron. The tape is  p l a i n  weave with 232 warp ends and 
24 p icks  pe r  inch  and i s  3/4 inch  w i d e ,  0.927 inch  t h i c k  and 
weighs 0,277 oz/yd. I t  has a minimum tensile s t r e n g t h  of 585 lbs 
and a minimum breaking e longat ion  of 28%. The yarn  is hea t -se t  
a t  350°F and t h e  t a p e  is subsequently hea t -se t  a t  31S-35O0F. 

(3) Suspension Lines.  Valrayco, I ~ c . ,  P a t t e r n  90@4# braided 
f r o m  220 denier ,  4 t u r n s  pe r  inch  S twist, type 52 high t e n a c i t y  
Dacron, hea t -se t  and s t a b i l i z e d  t o  provide a r e s i d u a l  shr inkage  
of less than  5 %  af ter  exposure t o  35O0F for  38 minutes. 

t 4 )  R i s e r  Webbing. Woven from Dacron t o  conform to  KIL- 
W-25363.A n a t u r a l ,  Type 111, Condition N, 

( 5 )  S t i t c h i n g  Thread for Canopy Components. Dacron, con- 
forming to Federal Spec i f i ca t ion  V-T-285b, Type I ,  C l a s s  3, 
s i z e  F. 

( 6 )  S t i t c h i n g  Thread for R i s e r  Components. Conforming to 
Federal Spec i f i ca t ion  V-T-285b, Type I ,  C l a s s  3, 6 cord. 

( 7 )  Buffer Cotton i n  Suspension Line Radial Tape J o i n t .  
Conformir.g t o  MIIJ-T-5661C, Type 111, 3/4 inch wide. 

( 8 )  Buffer Cotton i n  R i s e r  Component. Conforming t o  MIL- 
W-566SE, Type VIII, Class 1B. 



A l l  n a t e r i a l s  w i t h  t h e  except ion of i t e m s  7 and 8 were 
furnished by SASA Langley; i t e m s  7 and 8 w e r e  purchased by 
Fabric Research Laboratories fron comercial s u p p l i e r s .  

The unsewn canopy fabric specimens, and the suspension 
l i n e  ar,d r e i n f c r c i n g  l i n e  specimens were prepared by FRLS. A l l  
o t h e r  specimens w e r e  prepared- by Pioneer Parachute, Company, Inc.  , 
1-anchester, Connecticut, i n  conformity wi th  tI e appropr ia te  
NASA Langley drawings and t h e  sewing speci f ica t i o n s  contained 
i n  E x h i b i t  E of t h e  s ta tement  of wGrk. Indiv idua l  t es t  specimens 
were marked and i d e n t i f i e d  wi th  a legend i n d i c a t i n g  specimen 
type and environmental exposure h i s t o r y .  Tape an& braid specimens 
w e r e  marked w i t h  p i n  tags; a l l  other specimens w e r e  marked w i t h  
ba l l  p o i n t  pen d i r e c t l y  on the fabric. T z n s i l e  tes t  specimens 
here marked a t  each end i n  order t o  maintain i d e n t i f i c a t i o n  
after speciinen rupture .  A t y t i c a l  specimen i d e n t i f i c a t i o r ,  is: 

ma-1-B-3 

where VIa-I,  identifies t h e  type  of specimen according t o  the 
NASA drawings: B i d e n t i f i e s  t h e  environmental. exFosure accord ing  
t o  t h e  scheme: A Control  

B Ethylene Oxide Exposure 
C H e a t  Cycle Exposure 
D Ethylene Oxide 2nd H e a t  Cycle Exposure; 

and t h e  f i n a l  numeral , 3, i d e n t i f i e s  the t h i r d  replicate wi th in  
the group. 

A l l  materials w e r e  stored in condi t ioned rooms a t  2 1 + l o C  and 
65+2%RH prior to f a b r i c a t i o n  and i d e n t i f i c a t i o n .  A f t e r  i nd iv idua l  
specimens w e r e  marked for i d e n t i f i c a t i o n  they  w e r e  placed i n  
s e p a r a t e l y  markeZl vasor-proof polyethylene envelopes, m d  thereafter 
stored i n  the envelopes i n  t h e  condi t ioned room except  f s r  removal 
for environmental exposure or phys ica l  t e s t i n g -  

ENVIRONMENTAL EXPOSURE PROCEDURES 

Ethylene Oxide Exposure 

The experimental  arrangement for t h e  e thylene  oxide envi- 
ronmefital expasure is shown i n  Figure 1. The heat exchanger 
w a s  2 f i f t y  f o o t  length  of 3/8 i n .  diameter thin-walled aluminum 
tubing,  bent concert ina-fashion,  and wound w i t h  ceramic i n s u l a t e d  
electric r e s i s t a n c e  w i r e .  The chamber F ~ S  an e x i s t i n g  s t a i n l e s s  . 

steel  vacuum chamber adapted for t h e  p re sen t  use. The o u t s i d e  of .. 
t h e  chamber w a s  wound w i t h  a p l a s t i c - i n s u l a t e d  low-temperzture 
hea t ing  cable and covered w i t h  an  i n s u l a t l r q  blanket. Temperature 
con t ro l  wi th in  + h e  chamber w a s  achieved w i t h  a p rec i s ion ,  pre-set 
mercury-in-glass thermosta+ apera t ing  a solid-state e l e c t r o n i c  
controller.  The rcaximum permiss ib le  gas t fmpera ture  a t  the ou tpu t  
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of t h e  heat-exchanger was 55'C, guarded by a second pre-set thermo- 
s t a t ,  which  was connected t o  t h e  c o n t r o l l e r  i n  such a way as  t o  
ove r r ide  t h e  con t ro l  a c t i o n  and t u r n  off  t h e  neat inpu t  i f  t h e  temp- 
e ra tu re  l i m i t  k , i a s  exceeded. The power supply t o  t h e  h e a t  exchanger 
an2 chamber warring cable was v i a  a Variac, so t h a t  t he  rate of 
temperature change could  be ad jus ted  manually dur ing  t h e  warm-up 
and c o o l i r i ~  per iods .  

A l l  t h e  specimens scheduled for t h e  e thylene oxide exposure 
were treated a t  t h e  sane t i m e .  The exposure procedure i s  des- 
cribed below: 

( 1) Specimens were rGmoved from polyethylene protective 
envelopes,  and p i l e d  loose ly  i n s i d e  the  test  chamber. The 
chamber w a s  s i t u a t e d  i n  a condi t ioned labora tory ,  and condi t ions  
a t  t h e  start of t h e  exposure w e r e  2 1 + l C C ,  65+2%RH. 

( 2 )  The  chamker w a s  c losed ,  and t h e  c i r c u l a t o r  and h e a t e r s  
w e r e  tu rned  on. The  temperature of the  c i r c u l a t i n g  a i r  atmosphere 
i n s i d e  t h e  system was raised t o  4OoC i n  two hours.  

( 3 )  When t h e  set  p o i n t  temperature w a s  es tabl ished,  the  
V Z C U U ~  pump w a s  s ta r ted ,  and the system was evacuated t o  27 
inches  of mercury vacuum. 

( 4 )  A precalibrated amount of w a t e r  was admitted t o  the 
system through a double va lve  a i r l o c k .  The q u a n t i t y  of water 
w a s  s u f f i c i e n t  t o  e s t ab l i sh  a r e l a t i v e  humidity of 75% af ter  t h e  
chamber p re s su re  w a s  aga in  raised t o  atmospheric pressure .  
The c i r c u l a t i n g  pump w a s  continuously operated dur ing  t h i s  t ine ,  
c i r c u l a t i n g  t h e  lobi pres su re ,  moist ,  w a r m  a i r  atmosphere. This  
humidity soak continued for one hour.  

(5)  Ethylene oxide gas  mixture  w a s  admitted in to  t h e  
system from a b o t t l e d  gas supply.  C e r t i f i e d  anal1;Ss by the  
gas s u p p l i e r  w a s  1 2 . 2 %  e thy lene  oxide, and t h e  remainder Freon 1 2 .  
The gas  mixture w a s  b led  i n t o  t h e  evacrzated system through a 
needle valve.  The gas w a s  admitted slowly a t  t h e  i n l e t  side of the 
h e a t  exchanger, so t h a t  t h e  gas w a s  warmed before reaching the 
chamber, and t h e  chamber temperature w a s  maintained a t  4OOC. G a s  
w a s  b led i n  u n t i l  t h e  chamber w a s  again a t  atmospheric pressure .  
A l o w  p ressure  relief valve i n  t h e  system prevented any p o s s i b l e  
excess p re s su re  build-up by vent ing  outdoors through the vacuum 
pump discharge l i n e .  The  1 2 . 2 %  e thylene  oxide gas mixture a t  
atmospheric p re s su re  con ta ins  t h e  specified decontaminating agent  
concent ra t ion  of 500 2 50 mil l igrams per l i t e r .  
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( 6 )  A cGnstant tef iperature ,  cons tan t  pressure  atnmsphere 
of mixed gas  was c i rcu la ted  throuqh t h e  exposure cnamber f o r  
t h e  scheduled 2 4  !:our exposure t i m e .  

( 7 )  A t  t h e  end of the 2 4  hour per iod,  t h e  temperature 
l e v e l  was reduced t o  a.nbicnt over a two hour  t i m e  span. 

( 8 )  The chamber was evacuated w i t h  t h e  vacuum puny, and 
t h e  atmosphere w a s  replaced wi th  ambient: a i r .  T h i s  cyc le  w a s  
repeated three t i m e s  t o  di+:>sl a l l  t h e  e thylene  oxide ass, 

( 9 )  The chamber w a s  opened, and t h e  specimens removed 
ard replaced i n  t h e i r  polyethylene envelopes f G r  s torage p r i o r  
t o  t e s t i n g  or  f u r t h e r  environmental exposurd 

Packing Load and Yeat Cycle 

The experimental  arrangement for t h e  packing load and heat 
c y c l e  exposure 1 s  shown i n  Figure 2 ;  it i s  hased on a Custom 
S c i e n t i f i c  Co .  two-compartment envi rmmenta l  chamber, designed 
f o r  use i n  conjunct ion w i t h  an  I n s t r o 2  t e s t i n g  machine. One 
compartment is  t h e  specimen exposure chamber, which i s  i n s t a l l e d  
i n  l i n e  w i t h  t h e  I n s t r o n  load ce l l  and cross head. The second 
coxcpartment con ta ins  an electric r e s i s t a n c e  hea t ing  element. 
A motor dr iven  fan continuously c i r c u l a t e s  t h e  chamher atriosphere 
between the  t w o  compartments. 

I n  order t o  s imula te  p re s su re  packing, test specimens were 
folded according t o  t h e  NASA Langley drawinus and placed between 
s t a i n l e s s  steel  p l a t ens ;  a stack of  specimens and loading  p l a t e n s  
w a s  i n s t a l l e d  i n  a compression cage i n s i d e  t h e  tes t  &amber. 
The  p l a t e n s  w e r e  ground t o  better than  a 30 microinch f i n i s h ,  and 
w e r e  w a s h e d  i? ethy-l-alcohol and covered w i t h  a l a y e r  of Dacron 
canopy faDric before  assenbly of t h e  stack. The compression 
cage w a s  coupled t o  t h e  Ins t ron ,  which w a s  se t  i n  t h e  load c y c l e  
mode t o  2rovide a c o n s t a n t  compressive load during the h e a t  cycle. 
T h e  areas of specimens between t h e  p l 2 t e n s  and t h e  app l i ed  tensi le  
load w e r e  c a l c u l a t e d  t o  g i v e  a uniform compressive stress of 300 
p s i  on t h e  folded specimens. Three separate exposures vere re- 
qui red  t o  accommodate all t h e  specimens fo r  t h e  exposure: however, 
t o  avoid p o s s i b l e  cross-contamination, t h e  specimens t h a t  had 
previously been exposed t o  e thy lene  oxide were included i n  loads .  
Each of t h e  three packing loads and dry heat c y c l e  exposures was 
programmed according t o  Lhe following schedule:  

-- 

(1) Specimens were removed from polyethylene p r o t e c t i v e  
envelopes,  and folded i n  accordance w i t h  t h e  drawing requirements . 
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(3j The chunber -was czosed. znd flus9ed w i t h  several 
changes of bry nitrogen. A tvress ive  l a d  of 332) psi  an the 
specimens -as aprlied by zkk Znstronr &*i&. was set fur au%asitxc 
cycling ko =intafn a constant _ -  pre-s+t load- - 

- 

i3)  The heating element pcx6er s - 1 ~  vas s e t  manually to 
provide a teaageratme rise rate of--appromtecp U*C per txair- 
S L w  heatinc~ continued amti1 the set-mint of ~ 2 5 * C  was reached 
in approxiaatel. eight hours. Durinq me- Matiny -rid. the- 
Lhaprbev - was s u b j e t e d  to additmnal nitrayerr gas €iushr;ng, -to 
assure a chasber attrospfiere w i t h  a csntaaixig?ion sf khe 
nitrogen atsmspher-ri. €roar outqassiq oE heeted smEterial inside 
+&e- chai&er. D-ior*L chal[lges due to thermal expans-ion bf 
the m e t a l  -part of %he -resSian cage and +onsion linkage d c h  
Wrwld have res-a+e-i_r, a relaxation of the s$ecumen -compr-ior: 
load vere offsgt by the icad cycle control o f  #e tes t  macLn - e. -- 

When the pre-set tenprature level uas reached, the load -bed 
.essentially co~stant  and required only intenmittant conttof action. 

- .  

- --_ 

( 5 )  A c~nditicn of constant coaptpc~sive load and &stant'- 
tesaperature, w i t h  coktimxsuk circulation of 
gas, was m a i n t a L i r e e  for si hours- 

heat.+ nitropn 

ht the coaclusiw ef the c o s t a n t  tpsnpratee period, 
the beater controllers w e r e  set -nually fer a gradual coolZng 
of approximately 13V per hour. During t h i s  tilrrP the load 
application was relax& to prebqt overhading from corttractian 
of the cmliag metal rarts, 

tenqerature. the chamber atmosphere was flushed w i t h  roam air 
at 21+,1°C8 65f2PRPf. 

(8) The compression cage was removed frmn the chamber, and 
the specimens and pressure platens were rearaved from the cage. 
s&pcimens@ still folded, were placed in polyetliyierie bags for 
storage u n t i l  thev could be examhed for evicience of degradation 
and be subjected to the scheduled physical testing- 

- 

(5 )  

171 &en the charher temperature approa-ed ambient 
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A l l  testi-y was C a r r i e  out in an atmospheric enviror-nt 
conCroXle3 at Z’L?lpC; 65?2blIH. All tensale tesw-9 w a s  carried 
out using Ins’tron tensile teeters, and air permeability measure- 
nents -are c a r v i e  eat *wi- a Frasiei Air Permeometer, 
test sac%ines w e r e  calibrated before use in accordance w i t h  the 
ei$Sacturers standard procedures, Changes in fabric properties 
-A%& a?\tironmenta~ exgosixre are calcuiated as percentages of the 
control vaX-aes@ and are quoired to the nearest percent throughout- 

and begrada- 

All 

3 U  spec-ns were-e%+.ir;ed visually for 
after tbe V ~ ~ Q U S  environmental exposuresa with the exception 

focai dLSzslosation to-& fuSric aFd the platen. no evidence of 
iieixz_ietion was f~uni?: the spechens w i t h  the dispersed ick w e r e  
-%ot s%gdficantly different in their hehav%ox frm - other specimens, 

T~xG~-& f f e ~ t s  ami ~-ional SLdiIity of canopy Pabric 

paraizef to &e w a r p  yarns. d ei*t -to in,  IC 1 ‘l/d in. s t r i p s  
w i t h  the lcng direction WaUef; tu- ,ae f Z l Z h g  yarns were-et - 
:fxxstk--ae canv ex fabric; partfdar care was taken that the same- 
%tip aid f iu ing  yarns were not cmmmn to any of tbe spec2ze~1~-  
Mwsurdks -xmder  zen, load i d e d t e d  that the thread count of 
the-*ric w & - 3 p p m t e l y  9 s  ends per in-& x lQ1 picks per 
inch. 2-rdingly the w a r p  strips uere rapelled down to 100 threads 
zmd the f i l €hg  strips to 1 Q I - t h r e a d s  prior to final preparation 
&€ the test speci-, The scrips w e r e  placed under a tensile load 
of 2.0 2 G.1 lbs and the end -and pick COuILt was arsasured using a 

_thread with a 1/2 in,  aperture. T& strips-were then 
:ravelled dawn to tkeir final width of 1 inch; a l l  w a r p  -hens 

cmtained the same number of w a r p  yarns (96), and all f i l l ing  
specimens the same number of filling yarns (100)- All specimens 
were wrked w i t h  a 3 in. gauge length under the tensile preload, 
and were further marked for identification prior to storage or 
tes t ing ,  

-0E a- fW Sp- = in which tka srarking in?? had run an& ca-ased 

. . -  - -  - - .- 
- ._ - 

mi---- 10 in-  x 1 ly4 ia; S t r i p s  prim the long diPaensicn 

En2 and pick counts OE the various specimens under the 2 pbs 
preload are shown in Table I and are summarized i n - T a b l e  11. 
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TABLE P 

END AND PICK COUNT OF CANOPY 

Specimen -Identif&caaon snaS,'l/2 Inch Picks / l /2  lnch 

Ia-1-A - 1 
- 2  
3 
4 
5 
6 
3 
8 

A v e r a g  

Ea-1-8 - 1 
2 
3 
a 
5 

3 
8 

6 

average 

IIa-1-C - 1 
2 
3 
4 
3 
6 
7 -  

- 8  
Avezage 

1fa-l-D - 1 
2 
3 
-4 
5 
6 
7 
s 

Average 

Ia-2-A - 1 
2 

- 3  
4 
5 
6 
7 
8 

Average 

49 
40 
48 
#8 
40 
48 
as 
48 m 
48 
40 
48 
48 
48 
as 
4s 
48 a- 
47 
46 
46 
46 
47 
47 
43 
47 
?7 

so 
SO 

-so 
50 
so 
50 
50 
SO so- 
50 
51 
50 
50 
50 
5u 
50 
50 
3b 

50 
SQ 
50 
50 
50 
50 
so 
50 
RT 

51 
50 
so 
50 
50 
50 
50 
50 
3r 
52 
51 
51 
52 
51 
51 
51 
51 
51- 
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Y A B m  11 

SWMMARY - END AND PICK COUNT OF CANOPY 

Specimp Ideqt i f ica t ion  - Average P,cdF/Inch Average Picks/Inch 

I a - 1 - A  96 100 

Ia-1-B 96 100 . 

_- 
IIa-1-I) 

Ia-2-A 

eroxiiiite measurement 
uder zero tension 

96 100 

96 

94 

100 

1.0 2 

9s 101 

Gad- Warp-Way load the thread count is 96xlQC and under filling- 
way load if is 94x102. Unaer waxp -day tension the warp yarns are 
extend& s l igh t ly  and the pick c o u r t  falls; the end count is raised 
s l igh t ly  since the specimen necks in a l i t t l e  because of crimp 
interchange. .lit& f i l l i n g  tension these trends are reversed and the 
end count falls and the pick count rises. 

- The end and pick count of the B,C and D warp-way samples was 
measured under a 2.0 lbs  preload after exposure to the various 
enviroments. 
-111. where they are compared with the  pre-exposure values for the 
same specimens- 

Results of these measurements are shown i n  Table 
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The dimensional changes i n  t h e  canopy fabric a r e  very 
small  fox a l l  exposure condi t ions .  There is EO d e t e c t a b l e  
change i n  the fabric dimensions on exposure t o  e thylene  oxide,  
a 1% shrinkage i n  the f i l l i n g  d i r e c t i o n  only on exposure to 
heat and pressure  packing and a 1% shrinkage i n  the warp d i r e c t i o n  
on exposure t o  e thylene  oxide  p l u s  heat and pressure packing. 
Thus, t k e  canopy fabric is stable wi th in  1% for a l l  expo- sure 
condi t ions  - 

Tens i l e  tests on the var ious  specimens w e r e  carried o u t  
using an  Instxon t e n s i l e  tester i n  accordance w i t h  the re- 
quirements o% ASTM 2-1682-64 for ravel s t r i p  specimens. The 
specimens w e r e  held i n  f l a t ,  rubber-l ined j a w s ,  and a j a w  speed 
of 2 inches/minute w a s  used8 
for the breaking load of the va r ious ly  exposed specimens and 
i n  Tab le  V for the breaking e longat ions  of t h e  c o n t r o l  speci-  
mens. 

Resul ts  are given i n  Tab le  IV 

The c o n t r o l  w a r p  specimens have an average breaking load 
of 69.8 lbs / inch  and an  average breaking  e longat ion  of 33-7%; 
the f i l l i n g  specimens have an average breaking load of 74.5 Ibs/ 
inch and an. average breaking e longat ion  of 39.5%- The higher  
breaking load i n  the filr-ing direction is p a r t i a l l y  a r e s u l t  of 
the greater number of f i l l i n g  threads p e r  inch; the higher  breaking 
elongat ion-  i n  the f i l l ing  d i r e c t i o n  is probably caused by the 
somewhat -eater crimp in the f i l l i n g  yarns, This p a t t e r n  of 
behavior is typical of f a b r i c s  heat-set under predominately warp -  
way tension 8 

The breaking load of warp specimens exposed to the e tbylene  
oxide and t o  ethy1er.e oxide heat and pressure packirag are 
essent ia l t ly  the same as the warp c o n t r o l  specimens. The average 
breaking load for the w a r p  specimens exposed t o  heat and pres- 
sure packing a lone  is 3% less than  the average for the c o n t r o l  
specimens, mainly as a consequence of one test r e s u l t  for speci- 
men IIa-1-C-3 which is s i g n i f i c a n t l y  less than  any other r e s u l t .  
Examination o f  the  test specimen showed no obvious reason for 
this r e s u l t ,  and it must be accepted as real, Thus, w h i l e  the 
p res su re  packing i isually has l i t t l e  cr no effect on t h e  strength 
of the canopy fabxic ,  i t  can  lead tc sone degrzldation under c e r t a i n  
i n d e f i n i t e  circumstances . 
Grab Tests on Canopy Fabric 

Grab tests w e r e  c a r r i e d  o u t  us ing  an I n s t r o n  tester on 
bias specimens of canopy f z b r i c  i n  accordance w i t h  the appro- 
p r i a t e  s e c t i o n  of ASTM-D-1682-64, The specimens w e r e  held in 
2 i n .  x 1 1/2  i n .  f l a t ,  rubber- l ined jaws and a gauge. length  of 
3 inches and a j a w  speed of 2 inches/minute w e r e  used. The breaking 
loads of specimens eGssed t o  var ious environments are shown i n  
T a b l e  VI. 
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TABLE IV 

EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON 

THE BREAKING LOAD OF CANOPY FABRIC 

Cb--nye On 
Specimen Breaking Load Exposure 
Identification m-posure C o n d i t i o n  lbs/ipch ( 8 )  

Ia-1-A-1 
2 
3 Control 
4 
5 -  
Average 

69 -0  
70-0 
63.0 
70 -8  
70.0 
69,8 

Ia-1-B-1 68.5 
2 70.5 JB 
3 Ethylcine O x i d e  69.2 
4 69 -0  

70.3 5 
Average 69.5 

-- 

IIa-l-C-1 64.7 
2 66.0 
3 Heat and Pressure 57.3 
6 Packing 66 -0  

71-2 7 
Average 65.0 

- 
IIa-1-D-P E t h y l e n e  O x i d e  + 

2 Heat and Pressure 
3 Packing 
4 
5 

~ Average 

Ia-2-A-1 
2 
3 Control 
4 
5 
Average 

69.7 
' 69-0 
68 .S 
69 -0  
68 -9 
69.0 
- 
75-0 
75-.1 
76.2 
72.4 
74.5 
7 3 3  

0 

-7 

0 

JB - Jaw Break 
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TABLE v 
BFaEAKING EIX)NG24TfON OF COH!J!ROL CANOPY FABRIC 

Breaking Elongation 
Specimen Identification -(a) 

Ia-1-A4 
2 
3 
4 
5 

Average 

Ia-2-A-1 
2 
3 
4 
5 
Average 

33.5 
33.5 
34.4 
33.5 
33.7 
3x7 

- 

39.3 
43.2 
41-0 
36.7 
37.5 
39,5 
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TABLE VI 

EFFECT OF VARIOUS ENVI;,3NHEEJTAL EXPOSURES ON THE 

GRAB BREAKING LOAD OF BIAS SPECIMENS OF CANOPY FABFUC 

Specimen 
Identif Lcation 

Ib-A-1 
2 
3 
4 
5 

Average 

Ib-B-1 
2 1  
3 
4 
5 

Average  

IIb-C-4 
5 
6 
7 
0 

Average  

IIb-D-1 
2 
3 
4 
5 

Average  

Change O n  
Breaking Load Exposure 

Exposure Condition U S  ( % I  

controi  

E t h y l e n e  Oxide 

H e a t  and Pressure 
Packing 

Ethylene Oxide 
+ ffeat and Pres; 
sure Packing 

100 00 
94 -0  
10105 
100.0 

98,7- 
98.5 - 

124.3 
129 - 6  
120 .o 
121. a 
111 . 4 
121,5 

126.2 
120.0 
124 - 0  
123 -8  
117.8 
122.4 
117 . 5 
116 -8 
122.4 
107.2 
126.8 rn 

+23 

+24 

+20 
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The grab breaking load is  increased over t h e  c o n t r o l  f o r  a i l  
environmental exposures. The breaking load i n  a grab t es t  specimen 
is determined by a combination of yarn s t r e n g t h  and t h e  magnitude 
of t n e  maximum shear deformation t h a t  the f a b r i c  can s u s t a i n .  S ince  
t h e  s t r i p  s t r e n g t h  of t h e  canopy f a b r i c  is e s s e n t i a l l y  unchanged by 
the  var ious exposures, the  shear behavior is t h e  c o n t r o l l i n g  i n f l u -  
ence i n  t h i s  case. The environmental exposures have i n  common a 
cons iderable  t i m e  a t  e l eva ted  temperature ,  which usua l ly  has  the 
e f f e c t  of r e l ax ing  in te r -yarn  f o r c e s  and lowering the shear r e s i s t a n c e  
of fabrics wcIven from thermoplast ic  f i b e r s ,  t hus  pe rmi t t i ng  g r e a t e r  
deformation under a given s h e a r  stress. This  allows the yarns t o  
a l i g n  themselves m o r e  nea r ly  with the d i r e c t i o n  of p r i n c i p a l  stress 
i n  the f a b r i c  and thus  t o  bear more load a t  rupture ,  The genera l  
level of the breaking load i n  the bias grab test is greater than 
the  s t r i p  breaking loa6 s ince  more yarns  are i n t e r s e c t e d  by the f r o n t  
edge of t h e  j a w  faces i n  t h e  former case than i n  the l a t t e r .  

Tens i le  T e s t s  a n a  Dimensional S t a b i l i t y  of B r a i d  

T e n s i l e  tests w e r e  carried o u t  on specimens of braid us ing  the 
I n s t r o n  t e n s i l e  tester. The specimens w e r e  held in 2 inch  diameter 
caps tan  j a w s  w i t h  10  inches between j a w  c e n t e r s ,  and a j a w  speed of 
2 inch/minute w a s  used, As directed on the NASA drawing the specimens 
w e r e  wrapped a total  of 2 1/2 t u r n s  around the caps tan  g r i p s ,  i n  an 
e f f o r t  to prevent  s l i ppage ,  The na tu re  of caps tan  grips are such 
t h a t  relative movement takes place between the specimen a d  t h e  drum 
su r face ,  and i n  the case of 2 1/2 w r a p s ,  between one t u r n  of braid 
and t h e  second tu rn .  T h i s  r e l a t i v e  movement takes p lace  in an i n t e r -  
m i t t a n t  manner, which superimposes a s a w t o c  th characteristic on the 
load-elongation curve. Th i s  st ick-slip behavior w a s  much more pro- 
nounced wit-h 2 1/2 t u r n s  than  w i t h  the custcmari ly  used 1 1/2  t u r n s ,  
and it is  recommended s t r o n g l y  that a s t i p u l a t i o n  of minimum t u r n s  
be omitted from f u t u r e  test  i n s t r u c t i o n s .  

A f t e r  mounting, a 6.0 inch gauge length  w a s  marked i n  the 
c e n t e r  of the specimen with t h e  braid j u s t  t a u t ,  and a photograph 
w a s  taken of the marked specimen; this gauge length  served as  the 
refefence f o r  e longat ion  measurements. The specimen w a s  then ex- 
tended and a t  a recorded load of 62  l b s  t h e  crosshead w a s  stopped 
and a second gauge l eng th  of  2.0 inches was marked as the load 
decayed t o  60 lbs; the second gauge length  served as the reference  
f o r  dimensional s t a b i l i t y  measurements. A second photograph w a s  
taken and t h e  specimens w e r e  t hen  tested t o  rup tu re  (control spec i -  
mens) or unloaded, removed and stored for subsequent environmental 
exposure and t e s t i n g .  As t h e  specimens approached rupture ,  h f u r t h e r  
sequence of photographs w e r e  taken a t  selected i n c r m e n t s  of load 
i n  order  t o  d e t e r m i n e  t h e  breaking elongat ion.  Elongation measurements 
were made on t h e  p ro jec t ed  image of t h e  photographic record. The 
nomenclature used i n  these measurements is shown i n  Figure 3. 
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LP 

I 

m 

a. Zero h a d  

1 

b. Under preload 

c. Immediately before 
rcpture 

Figvre  3 Nomenclature for Breaking Elongation and 
Dimensional Stability t?easurements - 



- 20 - 

T h e  6.0 inch gauge length  i s  denoted by Lo a t  zero load,  and L r  
a t  rup tu re ;  t h e  breaking e longat ion  is  given by: 

Breaking Elongation = [ (Lr-Lo) /Lo]XIOO% , 

Tht. dimensional s t a b i l i t y  a f t e r  environmental exposure w a s  found 
from direct measurements of the 2.0 inch gauge length under *-he 
preload; t h i s  length  is  denoted by ap. 

envi rornenta l  condi t ions  are shown i n  Table VII, for the breaking 
e longat ion  of c e r t a i n  specimens i n  Table V I 1 1  and f o r  dimensional 
s t a b i l i t y  in Table I X .  

Resul ts  for t h e  breaking load f o r  t h e  braids exposed t o  var ious 

The breaking ioad of the braid is .Irery s l i g h t l y  increased  as 
a r e s u l t  of the varfous environmental exposcres and the marked 
2.00 inch gauge len<*th  also irxxeased s l i g h t l y  on exposure i n  some 
specimens, 
cal performance characteristics affected s i g n i f i e a n t l y .  

I n  no case, however. are the dimensions or t h e  mechslni- 

T e n s i l e  Tests and Dimensional S t a b i l i t y  of Seam Reinforcing Tape 

T e n s i l e  tests w e r e  carried o u t  on specimens cf tape us ing  +be 
Ins t ron  t e n s i l e  tester. The specimens w e r e  held on 2 inch diameter 
caps tan  j a w s  w i t h  1 0  inches bemeen  j a w  c e n t e r s  and a j a w  sped of 
2 inches pe r  minute w a s  used, As for t h e  braids, 2 1/2 turns were 
taken round- the  caps tan  g r i p s ,  i n  accord w i t h  the W.SA drawings. 
The s t i c k - s l i p  behavior reported for t h e  b r a i d s  WGS also found, 
g r e a t l y  enhanced. i n  the t a y e  tests, The tapes-are more s u s c e p t i b l e  
than the braids s i n c e  subsequent t u r n s  of tape over lay  earlier t u r n s  
r a t h e r  than  l y i n g  s i d e  by side as i n  the braid tests, and the problems 
associated wi th  relative motion are magnified, 

- 
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TABLE VI1 

EPFECT OF VARIOUS ENVIRCBMEHTAL EXPOSURES ON THE 

BRZAKING LOAD OF BRAID 

1x1-A-1 
2- 
3 
4 
5 

Average  

11s-Bo2 
3 
4 
3 
6 

Average 

111-D-1 
2 
3 
4 
S 

Average 

Change On 
Bredcing Load Exposure 

Exposure C o n d i t i o n  IbS (%I 

Control 

Ethylene Oxide 

E t h y l e n e  Oxide 
+ Heat and-Pressure 

Packing 
- 

701 
710 
710 
712 
717 mi  
710 
730 
723 
710 
720 
7r9 

727 
720 
718 
720 
321. 
72-r 

+l 

i-1 
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TAbLE VI11 

BREAKING ELONGATION OF CONTROL B€UJD 

11-A-1 
2 
3 COEtrOl 

- 4  
5 

Average 

4-50 6.60 25.0 
4.45 5-95 2512 

25.2 4 -45  5-95 
a -43 5-93 25.3 

25.7 4.20 5-65 
25-3 
- 

1 &aswed on f i l m  reader 
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Specimen 
Iden ti f ica tion Exposure  Conditio$ _ -  5c 
III-A-1 2-00 

2 2-00  
3 Control - 2-00 
4 - 2-00 
5 2.00 

- Average 2,00- - 

111-B-2 
3 
4 
5 
6 
Average 

I I I - D - 1  
2 Ethylene O x i d e  
3 + Heat and Pres- 
4 sure Packing 
5 
Average 

2.80 
2.03 
2 -03  
2 -05 
2.06 
2,04 

2.- 00 
2 -00  
2-03 
2-. 03 
2 ,Q4 
2,-02 

+z 

+I 

Measured on braid under 60 lbs preload 
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A f t e r  mounting, a 6.0 inch gauge l eng th  was marked i n  t h e  c e n t e r  
of the specimen with t h e  tape j u s t  t a u t ,  and a phctograph w a s  taken 
of the  Earked specimen. The specimen w a s  then extended, and a t  a 
recorded load of 57 lbs  the  crosshead was stopped 6nd the warp count 
was measured as the load decayed t o  55 lbs using a thread counter 
with a f/2 inch ape r tu re .  The specimen w a s  then extended t o  rup tu re  
(control specimens) or unloaded removed and stored for subsequent 
environmental exposure and t e s t i n g .  As the specimens approached 
rupture ,  a sequence of photographs was taken to determine the break- 
i ng  e longa t i cn  in t h e  sam way as w a s  previously described for the 
braid.- Results for the breakins  l m d  for the tapes exposed to  
various ecuironmenta3. condi t ions  are s h e  i n  Table X, f o r  the break- 
i n g  clcmgati.on of the c o n t r a 1  tapes in Table XI and f o r  the dimen- 
sional s t a b i l i t y  in T a b l e  X I ,  . 

The breaking load is  unchanged for the Ethylene O x i d e  exposure 
and for the Ethylene Oxide + H a t  a_nd Pressure Packing exposure, 
Severa l  specimens showed no change in the Hezt + Pressure  Packing 
exposure b u t  t w o  specimens, Nos, 4 ani3 5 ,  nad s i g n i f i c a n t l y  lower 
breaking ldads, This behavior is very similar to t h a t  found for the 
breaking load of the canopy fabric, an6 aga in  it must be concluded 
that, while I:-essure packing usua l ly  has littls or no effect on the 
strength of .the tape it can lead to  some degradat ion under cer ta in  
indefinite circumstances 

The warp ends per inch decrease s l i g h t l y  after exposure to 
Ethylene O x i d e  and cansiderably after Eeat and Pressure Packing- 
The decrease in the latter case is caused by the increaseti width 
of me tape under the c&npressfve 1-ad. Presumably the high temp- 
erature cond i t ion  in &&e ethy:ene oxide exposure relaxes and 
stabi l iz ies  the s t r u c t u r e  s o n e a t  end subsequent pressure packing 
in exposure condition D does n o t  f u r t h e r  change the structure. 
Since theze dbensioiml changes are width-way they do n9 t  s i c n i f i -  
can t ly  affect the mechanical performance of the taper which is a 
predominateLy warp yarn s t r u c t u r e ,  
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TABLE X 

EFFECT OF VARIOUS EWVXRONZ43NTAL EXPOSURES ON THE 

- B U X X K G  LOAD OF TAPE 

Change On 
Specimen Breaking Load Exposure  
Identification -*sure condition (lbs 1 ($1 

IVa-A-1 
2 
3 Control 
5 
6 
Auerage . 

ma-B-1 
2 
3 
4 

- 5  
Average 

1Vb-C-1 
2 
3 
4 
5 

Average 

Ivb-D-P 
- 2  

3 
4 
5 

Average 

Ethylene Oxide 

6 30 
627 
623 
6 13 
-6 30 
626 
- 
625 
625 
628 
6 24 
626 
625 
625 

H e a t  and Pressure 625 
Packing 625 

595 
570 
608 
- 
640 

Ethylene Oxide + 623 
Heat and Pressure 6 21 

Packing 6 30 
617 rn 

0 

-2 

0 
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TABLE XI 

BREAKING EIOHGATION OF COmROL TAPE 

Specimen 
Identif icat ion Exposure Condition ( in )  ’ 
XVa-A-l 

2 
3 Control 
5 -  
6 

Average 

4-84 
4.75 
4.59 
4-63 
4-63 

B r e a k i n g  
Elongation 

( 8 )  1 Lr ( in)  

6-66 37-6 
6-56 38.1 
6-25 36-2 
6.31 36.3 
6-31 36.3 

321,p 

1 Measured on film reaaer 
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TI'.SLE X I 1  

EFFECT OF VARIOUS mvniorammm EXPOSURES ON TEE 

DIMENSIONAL STABILITY OF TAPE 

Change On 
Specimen Exposure 
Xdentif i ca t ion  Exposure Condition Ends/l/2 In. - EndsJ'In. ( 8 )  

IVa-A-1 84 
2 86 
3 Control 82  
5 84 
6 84 
Average igh 168 

IVa-B-1 80 
2 84 
3 E t h y l e n e  Oxide 82 
4 80 
5 80 

Average BT 
Ivb-c-1 76 

2 76 
3 Heat and Pressure 70 

- 4  Packing - 78 
5 '78 

Average 77 
3%-D-1 82 

2 Ethylene -Oxide 84 
+ Heat and Pres- 70 

00 
3 
4 hure Packing 
5 80 
Average $r 

162 -4 

162 -4 
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Air Permeability and Dimensional Stability of Canopy Fabric  Under 
Giaxial Loading 

The basic air permeabi l i ty  specimens were 10 inch x 10 inch square,  
and all the environmental exposures xere carried Gut  w i t h  the  specimens 
i n  this form, In order to apply b i a x i a l  loads to the specimens, t a i l s  
3f neoprene coated polyestez fabric 4 1/2 inches wide and 10  3/4 
inches long were sewn to  t h e  c e n t e r  of each side of the  square,  t o  
form a composite cruc i form specimen. The b i a x i a l  loading w a s  c a r r i e d  
out using afi a v a i l a b l e  loading device in which the free ends of the 
tails are gripped i n  small capstan-type jaws attached to pistons 
actuated by f o x  ident ica l  pneumatic cy l inde r s .  The e n t i r e  p i s t o n  
assembly is designed to f i t  on the F r a z i e r  A i r  Permeonieter and when 
pressure  is applied ts the c y l i n d e r s  a n  area of miform b i a x i a l  stress 
is set up in the c e n t e r  of the o r i g i n a l  square fabric specimen. This 
area is about  3 inches square and s u f f i c i e n t  to cover the  o r i f i c e  
cf the Permeometer. A photograph of the biaxial stress hssembly 
is shown i n  Figure 4 and a close up of a fabrrc specimen under biaxial 
stress is sham i n  Figure 5 .  

Following mounting, the ends and picks per inch in the c e n t e r  
of t h e  specimen were measured using a pick counter with a 1 inch 
aperture, with the specimen under zero biaxial. load. Wessure w a s  
then applfed to  the c y l i n d e r s  to g ive  success ive ly  tensile loads 
of 5, 15 and 25 l b s / i m h  in each d i r e c t i o n  of the fabric, and the 
exid and p ick -coun t  was remeasured, and the a i r  permeabi l i ty  w a s  found 
a t  each load level; the a i r  permeabi l i ty  w a s  measured i n  accordance 
wi*th the requirements of ASTM-D-737-67. Resul t s  for the end and 
pick counts are given i n  T a b l e  XI11 and for the air  permeabi l i ty  i n  
Table  XIV. 

The information contained -n T a b l e  XI11 is summarized i n  Figure 
6 .  All the specimens exposed t o  the var ious  environments c l e a r l y  
follow t h e  same t r e n d  of decreas ing  threads per inch  under inc reas ing  
biaxial load. 
a t  l o w  load levels, having r a t h e r  more extension i n  the warp d i r e c t i o n  
than i n  the f i l l i n g  d i r e c t i o n .  While t h e  detailed expianat ion for 
this d i f f e r e n c e  is n o t  known, it seams probable that it is another 
manifes ta t ion  of s l i g h t  f a b r i c  r e l a x a t i o n  during the long dwell  time 
a t  e leva ted  temperature  comon t o  a l l  the exposure condi t ions .  

The c o n t r o l  specimens shows s l i g h t l y  d i f f e r e n t  behaviors-  

The air permeabi l i ty  measurements are summarized i n  Figure 7. 
A l l  materials show an i n c r e a s e  i n  a i r  permeabi l i ty  as the biaxial  
load i n c r e a s e s ,  s i n c e  the extension of t h e  fabric inc reases  the s i z e  
of the in te r -yarn  i n t e r s t i c e s .  A l l  test r e s u l t s ,  except  those for 
t h e  f a b r i c  i n  t h e  D cond i t ion  a t  maximum load, form a s e l f - c o n s i s t e n t  
set,? with a i r  permeabi l i ty  inc reas ing  i n  order D,C,A,B; the d i f f e r e n c e  
bettleen the various fabrics is  very s m a l l c  however , as might be 
expected from t h e  fact  that  only i n s i g n i f i c a n t  dimensional changes 
are found i n  t h e  f a b r i c s .  
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TABLE XIII 

EFFECT OF VARIOUS ENV1FKINi.ENTA.L EXPOSURES ON THE 

DIMENSIONAL STABILITY OF CANOPY FABRIC 

WEER BIAXIAL LOAD 

Exposure Biaxial Load 
Condition ( lbs/inch) 

Control 0 

Ethylene 
Oxide 

5 

1 5  

25  

0 

5 

Specimen 
Ident i f icat ion 

Va-A- 1 
3 
4 
5 
6 

Average 

Va-A-1 
3 
4 
5 
6 

Average 

Va-A-1 
3 
4 
5 
6 

Average 

Va-A-1 
3 
4 
5 
6 

Average 

V2-B-1 
3 
4 
5 
6 

Average 

VI-B-1  
3 
4 
5 
6 

Average 

Change On 
Ends/Inch x Exposure 
Picks/I nch ( % I  

93 x 100 
95 x 100 
94 x 100 
93 x 1 0 1  
94 x 100 
9 4  x 100 

93 x 94 
95  x 95 
9 4  x 94 
96 x 98 
9 2  x 100 
94 x 96 

93 x 90 
93 x 95 
94 x 94 
96 x 96 
92  x 100 
94 x 95 

9.3 x 85 
8 3  x 95 
8 7  x 9 1  
93  x 88 
8 7  x 94 
8 9  x 9 1  

95 x 100 
96 x 100 
95  x 100 
96 x 100 
95 x 1 0 1  
95 :: 100 

32  x 97 
9 1  x 100 
90 x 100 
93 x 100 
95 x 100 
92 x 99 (-2) x ( -3)  
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TABLE X I I A  (Cant) 

’FECT OF VARIOUS ENVIRONPIE!’TAL EXPOSURES ON TifE 

DIMENSIONAL STABILITY OF CANOPY FAEKIC 

VNDER BIAXIAL LOAD 

Change On 
Exposure B i a x i a l  Load Specimen Ends; Inch  x E x p o s u r e  
Condition (lbs/inch) Ident i f icat ion - P i c k s / I n c h  (a,) 

15 Vd-B-1 88 x 94 
3 91 x 97 
4 90 x 9” 

- 5  9 1  x 94  
6 92  x 98 
Average 90 x 96 !-4) x ( + l )  

25 Va-8- 1 85 Y 92 
3 84 x 92 
4 85 x 9 4  
5 88 x 94 
6 88 x 93 

Average 86 x 93 ( -3 )x i -2 )  

H e a t  and 0 vb-c-1 
Pressure 2 

- 4  
5 

Pzcking 3 

Average 

5 vb-c-1 
2 
3 
4 
5 

A v e r a g e  

15 vb-C- I 
- 2  

3 
4 
5 

Average 

2 5  vb-c-1 
2 
3 
4 
5 

Average 

9 6  x 1 0 2  
96 x 102  
96 x 102 
96 x 102 
96 x 100 
96 x 102 (+2) x (+2) 

93 x 96  
96 x A02 
93 x 102  
96 x 99 
96 x 97 
95 x 99 ( + I )  x(+3)  

9 1  x 96  
91 x 99 
91 x 96 
93 x 96 
93. x 94 
9 1  x 96 (-3)  X ( + U  

89  x 9 3  
89 x 96 
86 x 96 
86 x 96 
89 x 9 4  
88 x 95 ( -  1) x ( + 4 )  



. . .  - -- 
5 

. -  -_ . 

- 15 

2s 
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Control 5 Va-A-1 
3 
4 
5 
6 

25 

E t h y l e n e  5 
Bxiae 

25 

Average 

Va-A-1 
3 
4 
5 
6 

Aiverase 

Va-A-1 
3 
4 
5 
6 -  

Average 

Va-B-1 
3 -  
-4 

.-- 5 
6 

Average 

Vd-3-1 
3 
4 
5 
6 

Average 

232 
230 
236 
238 
263 
-240 

304 
297 
31-5 
312 
33s 
312 
- 
207 
196 
213 
20 1 
227 

-209  

253 
243 
254.  
244 
268 m 

+5 

+5 

423 - .  

320 
327 
315 

+4 
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TABLE X I V  (Cont) 

EFFECT OF VARI@US ENVIRONHENTAL EXPOSURES ON THE 

A I R  PERMEABILITY OF CANOPY FkaPIC 

UNDER BIAXIAL U)AD 

Exposure Biaxial Laad 
Condition (lbs/inch 

H e a t  and 5 
P r e s s u r e  
FxJcing 

15 

Ethylene 
Oxide 

-+ Heat and 
Pressure 
Packing 

25 

5 

15 

2;; 

Change 02 
specimen sip Permeability Exposure 

Identification (cu -ft/min/sq ft) ( % I  

vb-c-1 
2 
3 
4 - 5 

Average 

Vb-c-1 
2 
:3 
I 
S 

AVeZiRge 

V b q - 1  
2 
3 
4 
s 

Average 

Vb+-1 
2 
3 
4 
5 

Average 

Vb-D-1 - 
2 
3 
4 
5 

Average 

Vb-3-1 
2 
3 
4 
5 
Average 

209 
188 
171 
18 8 
190 m 
240 
244 
213 
236 
232 m 
321 
314 
2’78 
310 
298 m 
216 
188 
211 
179 
173 
l¶ 
268 
225 
241 
221 
238 m 
332 
293 
310 
292 
285 -m 

-5 

-2 

-2 

-2 

0 

-3 



- 36 - 

% 

oc 

92 

90 

0 
- _  0 -  
A 
t. 
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Figure 7. Variation of Air Permeability of Canopy 
Fabric with Biaxial  Load 
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Seam Strength and Dmensional S t a b i l i t y  of Canopy _French  Fell Seams 

Prior t o  enviroru?ental exposure, the seam of all specimens w e r e  
marked w i t h  a 2 . 0 0  i n c h  gauge l e n g t h  under a 5 . 0  + 0.10 Ibs preload. 
The preloat! was applied by deadweight loading, wirh one eild of t h e  
seam clamped in t h e  I n s t r a n  upper  jaw and the w e i g h t  of the f r e e l y  
suspended lower jaw increased  to  5 . 0  lbs. After environmental ex- 
posure the gauge length was remeasured under t h e  same load condi t ions ,  
Seam s t r e n g t h  tests w e r e  carried ou t  on an I n s t r o n  t e n s i l e  tester. 
The specimens w e f e  gripped i n  2 in. x 2 in. flat, rubber l i n e d  j a w s ,  
with a three inch sepa ra t ion  between the jaws, the o v e r a i l  e longat ion  
ob the seam specimens at rup tu re  was obta ined  d i r e c t l y  from the jaw 
p o s i t i o n  a t  rupture .  Resul t s  for the seam s t r e n g t h  of the specimens 
exposed to  var ious  environmental caraditions are shown ir. T a b l e  XV, 
for the breaking e l anga t ion  of the c o n t r o l  seam specimens i n  Table 
XVI and for the dirnensional~ s t a b i l i t y  of the seams i n  Table XVIZ. 

The s t r e n g t h  of the seam perpendicular  to t h e  warp yarns  is n o t  
affected by the ethylene oxide a lone  b u t  t h e  heat and pres su re  packing, 
either a lone  or i n  conjunct ion w i t h  the e thylene  ax ice  tyeatment, 
increases  t he  seam s t r e n g t h  considerably.  For seams i n  the bias 
d i r e c t i o n  the t r e n d  is d i f f e r e n t ;  an i n c r e a s e  of 2 . 7 %  is found after 
e thylene  oxide exposure, b u t  for t rea tments  involv ing  heat and pressure 
packing the i n c r e a s e  i s  much less; the mechanism of these changes is 
not dear .  

The seams shr ink  a little on exposure to e thylene  oxide, and 
extend s l i g h t l y  on exposures involv ing  pressure  packing; the i n c r e a s e  
is probably caused by the csmressive load on the specimen under t h e s e  
condi t ions .  

rhc overall. seam e f f i c i e n c y  fcr specimens with seams perpendicular  
to  the warp yarns  can be c a l c u l a t e d  from these results and those for 
the ravel s t r i p  specimens. An average strip s t r e n g t h  is 70 lbs, and 
for the perpendicular  seam specimens 54 Us. This gives a seam effi- 
cierlcy of approximately 77% for t h e  specimens. The complexity of 
the geometrical arrangenents  .in +he various tests preclude a similar 
c a l c u l a t i o n  for the bias seams; hawever, as a consequence of the greater 
number of yarns  c ros s ing  a unit l ength  of seam the bias seam s t r e n g t h  
per i nch  is higher than that of the perpendicular  sa-. 
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TABLE XV 

EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE 

STRENGTH OF CANOPY FRENCH FELL SEAMS 

Seam Perpendl -ulax to Warp Yarns 
Chanue On 

Seam Strength cqcsme 
a i  

Specimen 
Identif icat ion Exposure Condition - (lbs/inch) - 
Via- 1 - A 4  

2 
3 Control 
4 
5 
Average 

VIa-1-B-l  
2 
3 Ethylene Oxide 
4 
5 
Average - 

vib-1-c- 1- 
2 Heat and Pressure 
3 Packing 
4 
5 

~ 

Average 

55.8 
50 -0  
56m7 
49 - 0  
52-3  
52,81 

53.7 
- 53.7 

$7.. 2 
56,0 

- 55bO 
- -  5K-r 

~ 

Vfb-1-D- 1 59.0 
2 Ethylene Oxide + 57m5 
3 Heat and Pressure -55 .2  
4 Packing 53.0 
5 5 1 . 7  

Average 55ra 

0 

- 

+5 
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TABLE XV ( C 3 r r t )  

EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE 

STRENGTH OF CANOPY FRENCH FELL SEMIS 

B i a s  Seams 

Specimen Seam Strength Exposure 
Change On 

Identif ics.tion d Exposure Coqdi t . i o n  ( lbs/ inch)  ( % I  

VIa- 2-A- 1 
2 
3 Control 
4 
5 

Aver age 

64.3 
65.0 
61.8 
59.6 
69.0 n-3 

VIa-2-E-1 65.6 
2 6 5 . 5  
3 Ethylene Oxide 6 7 . 0  
4 65.8 

64.0  5 
Average 6 5 . 6  

- 
VIb-2-C-1 68.2 

2 Heat and P r e s s u r e  6 5 . 0  
3 Pack ing  68.0 
4 62 .0  
5 

Average 
59.3 
m 

VIb-2-D- 1 60.8 
2 Ethylene Oxide + 58 - 0  
3 Heat and Pressure 64.0 
4 Packing 70.4  
5 

Average 
68 .5  
64.5 

+3 

+1 

+I 
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TABLE XVI 

BREAKING EIXINGATION OF CONTROL SPECIMENS OF 

CANOPY FRENCH FELL SEAMS 

Specimen I d e n t i f i c a t i o n  

VIa-1-A-1  
2 
3 
4 
5 
Average 

VIa-2-A-1 
2 
3 
4 
5 
Average 

Seam Direction Specimen Elonqation (%)  

25.8 

t o  32.7  
Warp Yarns 29.9 

32 .0  

P e r p e n d i c u l a r  3 4 . 7  

31.6 

Bias 

58.0 
6 3 . 2  
60.1 
58.3 
6 0 . 1  m 
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TABLE XVII 

EFFECT OF VARIOUS EWIRONmNTAL EXPOSURES ON THE 

DIMENSIONAL STABILITY OF CANOPY 

FRENCH FELL SEAMS 

Seams Perpendicular t o  Warp Yarns 

Specimen Under 5.0 l b s  Exposure 
Gauge Length Change On 

I d e n t i f i c a t i o n  Exposure - Condition Preload (Inches)  ( % I  

V I  a- 1-A- 1 
2 
3 Con t ro l  
4 
5 

Average 

V I a -  1-B- 1 
2 
3 Ethylene Oxide 
4 
5 

Average 

2 000 
2 000 
2.00 
2.00 
2.00 m 
2.60 
1.96 
2 .oo 
2.80 
1.97 
1.99 

VIb-1-C-1 2.00 
2 Heat and P r e s s u r e  2 .oo 
3 Packing 2.02 
4 2.03 
5 

Average 
2.02 m 

VIb-1-D-1 2.02 
2 Ethylece Oxide 2.04 
3 + Heat and Pres- 2 . 0 1  
4 su re  Packing 2.02 
5 2.03 

Average m 

-1 

+1 

+1 
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TABLE XVII (Cont) 

EFFECT OF VARIOUS EWIRONMENTAL EXPOSURES ON THE 

DIMENSIONAL STABILITY OF CANOPY 

FRENCH FELL SEAMS 

B i a s  Seams 

Specimen Unaer 5 .0  l b s  Exposure 
Gauge Length Change On 

Ident i f icat ion Exposure Condition Preload (Inches) ( 8 )  

V I a -  2-A- 1 
2 
3 Control 
4 
5 

Average 

VIa-2 -B-1  
2 
3 Ethylene Ox5 de 
4 
5 

Average 

2.00 
2 -00  
2-00 
2.00 
2.00 
2.00 
- 
1.92 
1 . 9 5  
1.96 
1-95 
2.00 
1.96 

VIb-  2-C- 1 2 -00  
2 Beat and Pressure 2.02 
3 Pack ing  2.03 
4 1 .98  
5 2.00 

Average 2.00 
VIb-2-D-1 2.00 

2 Ethylene Oxide + 2.00 
3 Heat and Pressure 2.00 
4 Pack ing  2.00 
5 2.00 

Average m 

-2 

0 

Q 
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Seam S t r e n g t h  and Dimensional S t a b i l i t y  of Reinforced Canopy Radial 
Gore Seams 

These specimens w e r e  georte t r i c a l l y  i d e n t i c a l  w i t h  those prepaced 
for t h e  French f e l l  seam s t u d i e s ,  and d i f f e red  only i n  t ha t  t h e  seams 
were re inforced  w i t h  t h e  tape  previously described. A l l  experimental  
arrangements were i d e n t i c a l  w i t h  those  used for  the French f e l l  seams, 
w i t h  the  except ion t h a t  t h e  dimensicnal s t a b i l i t y  w a s  determined f r o m  
measures of t h e  ena and pick count of t h e  r e in fo rc ing  tape ,  measured 
w i t h  a pick counter  w i t h  a 1 / 2  inch  ape r tu re .  Resul t s  for the seam 
s t r eng th  of t h e  specimens exposed t o  vario-ils environmental condi t ions  
are shown i n  Table XVIII, for  the breaking e longat ion  of t h e  c o n t r o l  
seam specimens i n  Table X I X ,  and for the  dimensional s t a b i l i t y  i n  
Table XX, 

The seam s t r eng th  of  a l l  specimens i s  e s s e n t i a l l y  unchanged by 
a l l  exposure condi t ions  . The inc rease  found for  the perpendicular  
seamed specimens exposed t o  heat and pressure  packing is caused by the 
high value found for specimen urlder VIIb-1-C-4, which is probably a 
r e s u l t  of specimen-to-specimen v a r i a t i o n ,  There is  no s i g n i f i c a n t  
change i n  t h e  dimensions of t h e  seams perpendicular  t o  the warp yarns ,  
or i n  the bias seams i n  t h e  d i r e c t i o n  of the s e a m ,  The masured  ends 
per inch i n  t h e  tape shows a n  inc rease  for a l l  exposure condi t ions ,  
i n d i c a t i n g  a con t r ac t ion  i n  t h e  w i d t h  of the s e a m  tape.  The fabric i n  
t he  seam gives  more : .pport t o  the t a p e  when t h e  seam is perpendicu- 
l a r  t o  the  warp y a m s  than  when the  seam runs i n  the bias d i r e c t i o n ,  
aad prevents  the con t rac t ion  i n  tape width,  This d i f f e r e n c e  is also 
manifested i n  t h e  r e s u l t  f o r  breaking extension;  the perpendicular  
seam specimens have an  overall breaking e longat ion  of 30.3% whi le  
t h a t  of the bias specimens i s  56,6%,  as  a r e s u l t  of khe greate: de- 
formation p o t e n t i a l  of the  fabric i n  the bias d i r e c t i o n .  

T h e  s t r e n g t h  of the seams perpendicular  t o  tne warp y a m s  is  
no t  changed by Lhe a d d i t i o n  of t h e  r e in fo rc ing  tape. However, i n  
t he  bias d i r e c t i o n  t h e  a d d i t i o n  of t h e  t a p e  inc reases  the breaking 
load of  the  seam f r o m  approximately 6 4  lbs/ inch t o  approximately 
73 lbs/ inch,  an increase  of 14%, though t h e  increase  is at t!!e expense 
of g r e a t e r  we igh t  per  u n i t  l ength  of seam. 



*~IIa-l-A-f 
2 
3 Control 
4 
5 

Average 

53.0 
51.5 
52.2 
53.0 
54.7 
5z7 

53.5 
2 53,0 
3 Ethylem Oxide 55 .7  
4 54.? 
5 48.0 

~ e w a g e  sj,D 

-t-f 
V - ~ B -  I-S-1 

v1n-1-c-1 54.7 
.- 3 53.3 
3 ~ e a t  it:.,-,. ZLessure 54.8 
4 Packinu 57.2 
5 

Average 
53.4 
7 4 7  

VIIb-1-9- 1 54.5 
2 Ethylene Oxidz 51.5 
3 + Reat a:& P r e s -  52.3 
4 s u r e  Packing 51.0 
5 

Average 
56.0 m 

0 

+ 3  

0 
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Bias Seams 

Specimen Seam Strength Exposure 

P Change On 

( 8 )  Ident i f icat ion Exposure Condition (lbs,/incb.) - 
VIIa- 2-A-1 

2 
3 Control 
4 
5 

Average 

75.5 
6a.5 
7 2  ,O 
34.5 
76 .5  
7 3 3  

VIIa-2-B-1 71.0 
2 77.0 
3 Ethylene Oxide 49.5 
4 75,0 
5 5?.0 

ir-ver .rge 713 

V I I b - 2 - C - l  71.7 
2 Heat and Pressure 71,7 
3 Packing 78.6 
4 74.7 
5 

Aver age 
69 .O 
73,1 

V I I b - 2 - D - i  73.0 
2 Ethylene Oxide + 7 7 . 3  
3 Heat and Pressure 78,5 

Average m 
4 Backing 69.0 

68.7 t 
-c 

-2 

0 

0 
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TABLE X I X  

BREAKING ELXlNGATIOM OF BIAXIAL SPECIMENS OF 

REIIIPORCED CANOPY RAlirIAL 

Specimen Identification 

VILa-1-A-1 
2 
3 
4 
s 

Average 

VLIa-2-A-1 
2 
3 
4 
5 

Average 

Seam Direction 

Perpundicular 
to 

Warp Yarn6 

B i a s  

Spechen Elc..clation (%)  

31 .3  
30.5 
28.8 
28.3  
32-0 
3 7 n  
58.8 
52.9 
56.0 
54.5 
60.7 
59,8 



- 40 - 

n 
0 

x 
n 
4 
I 

Y 

Y 

n 

0 

x 
4 + 

Y 

c4 

Y 

* 
cy 
x 
cy 
\5: 
cl 

A 

0 

x 
ri 
I 

Y 

c - 



- 49 - 

n 
0 

X 

Tp + 

Y 

n 

Y 

n 

0 

X 

+ 

Y 

n 
m 
Y 

w 
cy 
X 
0 
W 
rl 

n 
0 

x 
L n  + 

W 

A 

Y 



- 50 - 

Tensile - Behavior  and Dimensional S t a b i l i t y  of Gap-Hem RadLal J o i n t  
Specimens 

Prior t o  environmental exposure,  all specimens were marked w i t h  
a four  i n c h  gauge l ength  i n  t h e  c e n t e r  of the hem s e c t i o n  w i t h  t h e  
specimen under a 5.0 2 0 . 1  Ib preload, appl ied by deadweight loading 
as previously described for the seamed specimens. A f t e r  environmental 
exposure, t h e  gauge length  w a s  measured under the same load condi t ions .  
Tens i l e  tests o n  t h e  specimens was carried o u t  using an  I n s t r o n  tensile 
tester. The specimens were gripped i n  e l a t ,  rubber 11;- ’ jaws wi th  a 
13 inch sepa ra t ion  between t h e  jaws, and a jaw speed of 2 inches/minute 
w a 8  wed. The b u a k i n g  e l o n g a t i m  of t he  c o n t r o l  specimens w a s  found 
from t h e  jaw p o s i t i o ,  a t  rup ture .  Resul t s  for the breaking laad of 
t h e  specimens exposed to  var ious  environmental cond i t ions  are shown i n  
T a b l e  X X I ,  for the breaking e l m g a t i o n  of the c o n t r o l  specimens i n  
Table XXII, acd for the dimensional stability of the specimens i n  
Table XXIII. 

The breaking Load of t h e  specimens was increased  considerably on 
exposure to e thylene  oxide  and to a lesser exten t  on exposure to 
e thylene  oxide p lus  h e a t  and pressure packing. I t  is probable t h a t  
the increase i n  both cases is a manifes ta t ion  of the  r e l a x a t i o n  of 
stresses set up dur ing  sewing of the composite specimm, t h i s  permit- 
t i n g  more equal load sha r ing  i n  the aomponentol of the specimens g iv ing  
a h i g m r  to t a l  breaking load. Rupture i n  a l l  cases started ut t he  
Zine o f  s t i t c h i n g  i n  t h e  radial  j o i n t  r e i n f o r c i n g  tepe and propagated 
i n  a diagonal line up to the jaw, where t h e  specimen f i n a l l y  ruptured. 
The overall breaking ioad is reasonably close to that of t h e  r e i n -  
forc ing  tepe aloze, and the overall breaking e longat ion  is very close 
t o  t h a t  of the tape. The h0in s e c t i o n s  of the specimens are completely 
stable for all eav i romen ta1  exposures. 

Tens i l e  Behavior and D i m e  iional S - t a b i l i t y  of Suspension Line-Radial 
Tape Sp ecimens 

P r io r  t o  environmentd exposure each specimen was marked with a 
four inch gauge length  i r  t h e  c e n t e r  sf the hem a e c t i o n  in the eame 
way as was previously dedcribed for the Gep-ham Radial J o i n t  specimens, 
and t h e  gauge length wa8 remeasured under i d e n t i c a l  Iaad cond i t ions  
af ter  exposure. Tens i l e  t e a t s  were carried out w i n g  an  I n s t r o n  
t e n s i l e  tester, The radial  tape was gripped i n  t h e  t op  jaw of t h e  
Znatron i n  f l a t  rubber-l ined jaws; t h e  auspensien l i n e  bas wrapped 
2 l / Z  t u r n s  around a 2 i n c h  d i awte r  caps tan  jaw w i t h  t he  c e n t e r  of 
t h e  $ a ~  16 i n c h e s  from the front edge of t n e  top jaw. A jaw speed of  
2 i n c h e s  per  minute was used, A 9 inch gauge l ength  was marked on 
t h e  tape of th* c o n t r o l  specimens w i t h  t h e  8peci.:eni j u r t  twi t  and 
a photograph was taken, The specimen waa then  cxtanded, and as t h e  
breaking load was approached, a f u r t h e r  requenee of photographa wa3 
taken, The b r e a k i n g  elongut ion was f w h d  from meaeummente on t h e  
projected imga cf t h e  film record; t h e  nomenclature o f  Figure 3 wso 
r-rsed i n  t h i s  c a l cu la t ion ,  Results for the breakinq load of the, speci- 
Rims exposed t o  var ious environmental condi t ione  are shown in Table 
X X W ,  for the bjredcinq e longat ion  of the c o n t r o l  ~pscs.men i n  Tab13 
XXV, and rar the d r m r s i o n a l  s t a b a l i t y  of the specimen in Table XXVI, 
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TABLE X X I  

EFFECT CF VARIOUS ENVIRONMENTPL EXPOSURES ON THE 

STmGTH OF GAP-HEM RADIAL JOINT SPECIMENS 

Change On 
Specimen Exposure Breaking Lcad xposure 
Ident i f icat ion Conditions ( lbs)  ( % I  

VI I I -A- 1 570 J , S  
2 585 J t S  
3 Control 542 J,S 
4 550 JIS 
5 570 J,S 

Average 5n 
VI I I - B - 1  

2 
3 
4 
5 

Average 

VIII-D-1 
2 
3 
4 
5 

Average 

607 3,s 
Ethylene 592 JIS 
Oxide 605 J,S  

600 J , S  
598 J,S m 

Ethylene 586 J S S  
Oxide + 595 J , S  
Heat and 563 J ,S  
Prsroure 
Packing 

+7 

+3 

,s J aw break8 rJptura initiated a t  r t i tching  
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TABLE X X L I  

PPSAKINC EXDNGATION OF CONTROL SPECIMENS OF 

GAP-HEM RADIAL JOINTS 

Breaking Slongation 
Saecimen Identification Exposure Condition ( % I  

VI I I -A- I. 
2 
3 
4 
5 

Average 

Control 

41.2 
42.2 
40.0 
41.0 
40.2 
T u x  
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TABLE X X I I l i  

EFFECT OF VARIOUS EXPERIMENTAL EXPOSURES ON THE 

DIMENSIONPtL STABILITY OF GAP-HEPI 

RADIAL JOINT SPECIMEN 

Spec h e n  
Identification Exposure Condition 

VI 11-A-2 
2 
3 Control 
4 
5 

Average 

VI XI-8- 1 
2 
3 Ethylene Onid. 
4 
5 

Average 

VX I I -D- 1 
2 Ethylan. Owid. 
3 -+ Hout rnd Prer- 
4 1ur0 Packing 
5 

Average 

Change On 
Heasured Gauge Exposure 
Length ( inches ( 8 )  

8 . 0 0  
8 .00  
4 .OO 
4 .OO 
4.00 m 
4 . 0 4  
4 . 0 4  
4 . 0 4  
4 ,OS 
4 .OO rn +1 
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TABLE XXIV 

EFFECT OF VARIOUS ENVIF?ON!'ZNTAL EXPOSURES ON THE 

BREAKING LOAD 01 SUSPENSION LISE 

RADIAL TAPE SPECIMENS 

Change On 
Specimen Breaking Load Expocsure 
Identifiestion Expoaure Condition ( l b s )  ( 8 )  

I X-A-1 
2 
3 Control 
4 
5 

Average 

IX-B-1  
2 
a Ethylene Oxide 
4 
S 

Average 

I X - 0 -  1 

3 
4 
5 

3 .. 

Average 

Ethylene oxid. 
+ Heat and Pres- 

a w e  Packing 

618 L 
590 JIS 
597 J , S  
595 J # S  

620 J # S  
610 L 

S60 I, 
605 J , S  

Sd3 J , S  m 
5'95 J,S 
552  9,s 
S98 c 
605 C 

EC 

-1 

- 3  

r m r e r k t  rupture i n i d a t a d  a t  dtitching 
L €?woke a t  loop 
C Center of rpscimn 
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TABLE XXV 

BREAKING EKlNGATION OF CONTROL SUSPENSION LINE 

RADIAL TAPE SPECIMENS 

Specimen Identification Lo 1 L, Breaking Elonqation ( 8 )  

35.5 

27.1 
33.9 

32.5 

1 Measured on fi lm reader 
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TABLE XXVI 

EFFECT OF VAFIIOUS ENVIRONMENTAL EXPOSURES ON FHE 

DIMENSIONAL STABILITY OF SUSPENSION LINE 

RADIAL TAPE SPECIMENS 

;tpecj men 
Ident i f icat ion Exposure Condition 

I X-A- 1 
2 
3 Control 
4 
5 

Average 

IX-B- 1 
2 
3 €thy tene Oxide 
4 
5 

Average 

IX-D- 1 
2 Ethyhne  Wide 
3 + Heat and Pres- 
4 sure Packing 
5 

Average 

Change On 
Gauge LengA Exposure 

t: 3s) (51  

4 -00  
4 - 0 0  
4 -00  
4.00 
4.00 rn 
4 b O O  
4 - 6 5  
4 - 0 0  
4 - 0 4  
4 .02  m 
4 - 0 0  
3-93 
4,QO 
4 -00 
4.00 
3.39 

0 

0 
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The breaking Ioai of t h e  SuspeRSiOn Line - Radial Tape Specimens 

is very s imi lar  to tfre breaking h a d  o€ the Gnp-hem Radial J o i n t  
S ~ e c i m e n s  I though for t h e  fomer specimens the breakin5 h a d  decreases 
s l i g h t l y  on exposue to t h e  varmus enviroments ,  %IS specimens 
sometimes broke a t  the j a w ,  after rupture was i n i t z t a t e d  a t  the 
s t i tching  in the eeiiter c.,f '&e specimen, sometines at the loop, and 
in the case of the condition 9 speciiiiefis, ir. t h e  center of the gauge 
length. 
equal in strength, a& the p 9 r t i c u l . x  p i n t  cf Weak is established 
by specimen to specimen variation in manufacture. The rrieasured break- 
ing elongatim of these specmerts is sonewhat less than tha t  of the 
Gap-hem Radial h i n t  speg iwns ,  thou* s m e  of t h i s  difference may be 
attributed to the dgf ferent fnetiods of wsSurrng bze - 5 i ~ g  elongation 
for the two sets of' speci-wns. The dimension of the hew section of 
the specimens ar2 michanged biz the various environmen*si espcsures. 

Tensile Behavior a.?d Drmeasronal Stability of R i s e r -  Webbinq 

stirrup- 
type fix-tures attached -to t F i ~  u p p r -  and i ~ w e r  jaws of the tester; the 
load hearing itwnbers cF -*he =stirrups- yere finished t o  a radius 0-f 
1/4 i~+. F.he dimensional s"La'iil5'ky o f  *e webbing after various 
envircS&en%&& ejrposures Mas €uuiS- fron- mas~semekts on a four L-ch 
gauge l e n e h  narkMxader 3 7 5  f f lb preload ane-the breaking ex- 
tension was fount! %sing *&e photographLC fr&Sin%g:te p~evious1.p ties- 
cribed. 
various envirormntal copr&itiuns afe  shawn i~ Table  xxVIIt €or the 
breaking elongation of the control w e b b i n g s  in ?able XXVIII, ar-d for 
the dimensional st-abili-- i n  T a l e  ,XXIX. 

exposure tQ st!!yleae oxi- and decreased considerably on subsequent 
exposures to tke-heat c y c G  The dereawe in strength is associated 
w i t h  a ccnslderable shrizzkage; 
any found in the fnvestiga-eonr-acd resuit from the use sf unstabilized 
Dacmn FEI the rhi2r. &e m&sur& breakiftg elongation is rather l o w e r  
than WGUid be expected for-a webbing of this type. but the rupture 
process in the specimehs starts gremature ly -a t - t e  rtitchinc of the 
loops, and the measured breaking load and elongation are not: nec- 
essar i ly  representative of the material test+d by csual methods, 
using capstan jaws; it is  not possible to separate the effects of 
the eaviromenta1 exposures on the webbizkg materia1 an6 on the 
fabrication process by means of the present test, 

Clearly a l l  tbe conrponests of the  -specinen are approximately 

- 

- - 
Th&-fabricaW loupeti wek- ing specimens were mcunted 

Results for %@i~'t;iraalring b a d s - f o ~  the d b f n g s  exposed to 

- 
The t e n s i l e  rxzptQre load-of the w&biF-g is increased. s l i g h t l y  on 

These changes are the qreatest of 



TABLE XXVII 

EFFECT OF’ VARIOUS EI@IRONMENTAL ON THE 

BREAKING LOAD OF WEBBING 

Change On 
Specimen Breakicg Load Exposure 
Iden ti f ic ation Exposure Condition UW ($1 

X-A- 1 
2 
d a Control 
4 
5 
Average 

6400 
6500 
6700 
6 300 

X-B-1 6700 
2 6500 
3 E t h y l e n e  Oxide 6700 
4 6700 
5 6700 
Average m 

X - E  P 5570 
2 Ethylene Oxide 5420 
3 + Heat Only. No 5570 

5 5120 
4 Pressure Packing 5100 

Average 5360 

+2 

-17 
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TABLE XXVIII 

BREAKING ELONGATION OF CONTROL SPECIMENS OF WEBBIN& 

Breaking Elongation 
( % I  - 1 L, 1 Specimen 

Identification Exposure Condition L, 

X-A-12 
2 
3 Control 
4 
5 

Average 

8.75 10.00 

8.80 10.00 
8.60 10.08 
8.60 9.60 

14.3 

13.6 
16.3 

- 

14.0 
14.6 
- 

I Eleasured on f i l m  reader 
2 Film record unreadable; average breaking elongation measure&-on 

Instron chart very close to average of a l l  specimas. - 
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TABLE XXIX 

EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE 

DIMENSIONAL STABILITY OF WEBBING 

SpeCiIMZIl 
Ident i f icat ion 

X-A- 1 
2 
3 
4 
5 

Average 

2-B-1 
2 
3 
4 
S 

Average 

X-D-1 
2 
3 
4 
z -. 
Average 

Exposure Condition 

Control 

Ethylene Oxide 

Ethylene Oxide 
+ Heat O n l y ,  No 
Pressure Packing 

Change On 
Measured Gauge Exposure 
Lenqth - (inrrhes) ( a )  

4 - 0 5  
4.10 
4.05 
4 -00 
4.05 m 

- 3-72 

3.78 
3.80 

3.84 

3.83 
3519 

+1 

-5 
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CONCLUSIONS 

With the except ion of t h e  riser webbing, t h e  components and 
f ab r i ca t ed  samples of t h e  var ious  assemblies a r e  dimensionally stable 
within a very small  range f o r  a l l  t he  exposure condi t ions .  The 
canopy fabric is  stable w i t h i n  13,  under small un iax ia l  loads, within 
4% under high b i a x i a l  load cond i t ions ,  and within 26 when sealred, 
e i t h e r  perpendticular t o  t h e  warp yarns,  or on t!he bras. The braid 
is s t a b l e  wi th in  2%,  and t h e  r e in fo rc ing  tape ,  either alone or i n  - 

conjunct ion with canopy f a b i r c  seams, is stable wi th in  1% i n  the  
warp d i r e c t i o n .  I n  t he  f i l l i n g  d i r e c t i o n  t h e  tape is much less 
stable, showing a range from 5% shrinkage t o  8% extension;  however, 
s i n c e  the t ape  is  e s s e n t i a l l y  a warp s t r u c t u r e ,  t hese  changes 
are of  small importance. The riser webbing, however, which is 
also a predominately warp way s t r u c t u r e ,  shows a s i g n i f i c a n t  5% 
shrinkage i n  t h e  warp d i r e c t i o n  on exposure t o  heat cyc l ing ,  proba- 
b ly  as a consequence of tihe lack of h e a t - s e t t i  . 

The mechanical behavior of t h e  var ious  components are, i n  
general, a f f e c t e d  only t o  a small degree by the environmental con- 
d i t i o n s .  A s i g n i f i c a n t  s t r e n g t h  reduct ion  w a s  found for only s i n g l e  
specimens of t h e  canopy fabric and the r e i n f o r c i n g  tape, and the 
braid was c m p l e t e l y  unaffected,  The a i r  permeabi l i ty  of the canopy 
fabric shows changes of UF to  5%, r e f l e c t i n g  the small dimensional 
changes under biaxial load, The only marked change i n  the mechanical 
behavior of components w e r e  found €or t h e  riser webbing, which shows 
a 17% loss of s t r e n g t h  after Ethylene Oxide exposure and H e a t  Cycling, 
an6 fcr the grab s t r e n g t h  of bias specimens of canopy f a b r i c ,  which 
shmied a 22% i nc rease ,  The former i s  a t t r i b u t a b l e  t o  the lack  of 
heat s e t t i n g  of the riser webbing, and khe lattex is a corsequence 
of the r d a x a t i o n  of i n t e r  yarn foices and a reduct ion  i n  shear 
r e s i s t a n c e  of the  fabric. 

The fabricated components showed a var ied  response i n  their 
mechanical behavior ,  The s t r e n g t h  of French fell and tape re in -  
forced seams w e r e  either s l i g h t l y  increased  (seams perpendicular  
t o  w a r p  y a r n s ) ,  or  w e r e  e s s e n t i a l l y  unchanged (bias seams), The 
s t r e n g t h  of t h e  gap-hem radial j o i n t  specimens was irrcreased 3-78 
while  t h a t  of the suspension l i n e - r a d i a l  t a p e  specimens was decreased 
s l i g h t l y .  A l l  the small i nc reases  i n  s t r e n g t h  are t e n t a t i v e l y  
ascribed t o  the s t r e s s  r e l ax ing  e f f e c t  of the e leva ted  temperature 
exposure common to all t h e  environments, which reduces stress 
concent ra t ions  i n  the composite specimens; the r e s u l t s  f o r  the sus- 
pension l i n e - r a d i a l  t ape  samples are complicated by the var ious  
f a i l u r e  m o d e s  shown by t h e  ind iv idua l  specimens. 

I n  summary, the heat-set Dacron components show no s i g n i f i c a n t  
Loss of s t a b i l i t y  or d e t e r i o r a t i o n  i n  mechanical p r o p e r t i e s  on ex- 
posure to the s t e r i l i z a t i o n  environment, and the performance of 
c e r t a i n  assemblies niay even be enhanced. The riser webbing is evi- 
dent ly  not  heat-set and sh r inks  and is degraded by t h e  heat cyc le ;  
i n  order t o  a t t a i n  t h e  standards Gf s t a b l i l i t y  and peFformance shown 
by the  other components it should be made from heat-stable Dacron, 
or be heat-set after weaving. 
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APPENDIX 

NASA Langley drawings LC-153,830 through LC-153,840: Details of 
T e s t  Specimens 
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