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TESTING AND EVALUA" :iON OF DACRO!l PARACHUTE ELEMENTS
AFTER EXPOSURE TO ETHYLFEME OXIDE AND
SIMULATED PACKAGFE LOADING AND HEAT CYCLE

by J. Skelton, R. E. Sebring, and K. D. Cragan

SUHMMARY

Dacron parachute components, and assemblies of *hese com-
ponents were exposed to the va:ious environments encountered 1in a
sterilization procedure: ethylene oxide; heat cycle and pressure
packing; and a sequential combination of these. After exposure
the specimens were examined for dimensional stability, and tested
for evidence of degradation, or other changes in important mech-
anical properties. It was shown that compsrents made from heat-set
Dacron wz2re completely stable; and showed essentially no loss
in strength after exposure to the various conditions, either separ-
ately cr in combination. As a consequence of the dimensional
stability the air permeability of the canopy :abric was not changed
significantly. The various environmental exposures had the effect
of relaxing stresses in the components and assemblies, with the
result that some properties such as seam strength were enhanced.
The only component tested that was not made from heat-stable Dacron,
namely the riser webbing, shov.ed poor di.nensional stability, and
marked evidence of degiadation after heat cycling.



INTRODUCTION

The development of systems designed to land spacecraft
on other planets of the solar system has established the need
for suitable deceleration wevices. Since all spacecraft
destined for landing on extraterrestrial bodies must bs sterli-
2ed to prevent contamination by earth organisms it is impor-
tant that the materials used in the spacecraft deceleration
system are compatible with the sterilization procedures, and
do not suffer degradation which might impair their function.
Current sterilization procedures use a combination of exposure
to ethylene oxide and dry heat cycling. Previous stucies (ref. 1)
have shown that Dacron is a suitable candidate material for
use in parachute deceleration systems, since it shows only
small thermal degradation and has good dimensic-al stability.
The effect of specific mission environment on cron fabric
intended for the parachute cancpy of a Mars landing syetem
has also been described (ref. 2), and it was shown that the mechani-
cal properties of this fabric were relatively insensi~ive to
the various exposure conditions.

“n addition to the sterilization procedures, the parachute
system is also subjected to pressure packing in order to reduce
its bulk, and it is necessary that the components can withstand
this treatment witiout serious degradation. This report
discusses the effects on Dacron parachute compcnents of exposure
to ethylene oxide, to zimulated pressure packing and heat cycle,
and to a succession of these environments. 1In order to permit
a full evaluation for design purposes, the study was not limited
to canopy fabric, but included also braid, tape and webbing
used in parachute manufacture, together with seam samples and
radial joint and suspension line assemblies. The materials were
examined principally for strength degradation, breaking elonga-
tion changes and dimensional stability, but measurements were
also made of the air permeability of the canopy fabric under
various biaxial loading conditions. The results of the study
provide the fundamental data required to determine control
parameters for predicting the final size and strength of para-
chutes after exposure to the prelaunch environment.

TEST SPECIMENS

Test specimens were provided in accordance with drawings
supplied by NASA Langley, numbered LC-153,830 through LC-153,840,
copie. of which are included in the appendix to this report. The
specific designations of the drawings for the various test speci-
mens are given below:



LC-153,830
LC-153,831

Canopy Panel Strip Tensile Specimen, Fig Ia,Ib
Canopy Panel Grab Specimen, Fig IIa

LC-153,832 Canopy Parel Grab Specimen, Fig IIb

LC-153,833 Suspensiop Line Specimen, Fig III

LC-153,834 Reinforcing Line Specimen, Fig IVa, IVb

LC-153,835 Canopy Air Permeability Specimen, Fig Va,Vb
LC-153,836 Canopy French Feli Seam Specimen, Fig VIa,VIb
LC-153,837 Canopy Radial Gore Seam Specimen, Fig VIIa,VIIb
LC-153,838 <Canopy Gap~Hem Radial Tape Joint Specimen, Fig VIII
LC-153,839 Suspension Line Radial Tape Joint Specimen, Fig IX

LC-153,840

Riser Specimen, Fig X

The materials used in the fabrication of the test specimens
are specified below:

(1)

Canopy Fabric.

Manufactured by Stern and Stern, and

woven from 70 Denier, Type 55 Dacron yain in a 2.0 oz/sq yd rip-
stop pattern, quality 15586, with a minimum thread count of 96x101l.
The fabric has a minimum strip breaking load of 69.4 1lbs in the

warp direction and 68.2 lbs in the filling direction.

The fabric

is natural in color, and is heat-set to maintain dimensional
stability within 1.5% after exposure to 359°F for 8 hours.

(2)

Radial Tape for Gap Hem Reinforcement.

Bally Ribbon

Mills, Co. Pattern 1014 woven from 220 denier, type 52 high

tenacity Dacron.

The tape is plain weave with 232 warp ends and

24 picks per inch and is 3/4 inch wide, 0.927 inch thick and

weighs 0.277 oz/yd.
and a minimum breaking elongation of 28%.

It has a minimum tensile strength of 585 1lbs
The yarn is heat-set

at 350°F and the tape is subsequently heat-set at 315-350°F.

(3)

Suspension Lines.

Valrayco, Inc., Pattern 9004, braided

from 220 denier, 4 turns per inch S twist, type 52 high tenacity
Dacron, heat-set and stabilized to provide a residual shrinkage
of less than 5% after exposure to 350°F for 30 minutes.

\4)

Riser Webbing.

Woven from Dacron to conform to MIL-

W-25361A natural, Type IIT, Condition N.

(5)

Stitching Thread for Canopy Components.

Dacron, con-

forming to Federal Specification V-T-285b, Type I, Class 3,

size F.

(6)

Stitching Thread for Riser Components.

Conforming to

Federal Specification V-T-285b, Type I, Class 3, 6 cord.

(7) Buffer Cotton in Suspension Line Radial Tape Joint.
Conforming to MII-T-5661C, Type III, 3/4 inch wide.

(8) Buffer Cotton in Riser Component.
W-5665E, Type VIII, Clacs 1B.

Conforming to MIL-



All materials with the exception of items 7 and 8 were
furnished by NASA Langley:; 1tems 7 and 8 were purctased by
Fabric Research Laboratories from commercial suppliers.

The unsewn canopy fabric specimens, and the suspension
line ard reinfcrcing line specimens were prepared by FRL®. All
other specimens were prepared by Pioneer Parachute, Company, Inc.,
l.anchester, Connecticut, in ccnformity with t! e appropriate
NASA Langley drawings and the sewing specifications contained
in Exhibit E of the statement of work. Individual test specimens
were marked and identified with a legend indicating specimen
type and environmentai exposuce history. Tape and braid specimens
were marked with pin tags; all other specimens were marked with
ball point pen directly cn the fabric. T2nsile test specimens
were marked at each end in order to maintain identification
atter specimen rupture. A typical specimen identification is:

Via-1-B-3

where VIa-1 identifies the type of specimen according to the
NASA drawings; B identifies the environmental exposure according
to the scheme: A Control

B Ethylene Oxide Exposure

C Heat Cycle Exposure

D Ethylene Oxide 2nd Heat Cycle Exposure;
and the final numeral, 3, identifies the third replicate within
the group.

All materials were stored in conditioned rooms at 21%1°C and
65%2%RH prior to fabrication and identification. After individual
specimens were marked for identification they were placed in
separately marked vapor-procf polyethylene envelopes, and thereafter
stored in the envelopes in the conditioned room except Icr removal
for environmental exposure or physical testing.

ENVIRONMENTAL EXPOSURE PROCEDURES

Ethylene Oxide Exposure

The experimental arrangement for the ethylene oxide envi-
ronmental exposure is shown in Figure 1. The heat exchanger
was a fifty foot length of 3/8 in. diameter thin-walled aluminum
tubing, bent concertina-fashion, and wound with ceramic insulated
electric resistance wire. The chamber was an existing stainless
steel vacuum chamber adapted for the present use. The outside of
the chamber was wound with a plastic-insulated low-temperature
heating cable and covered with an irsulating blanket. Temperature
control within +he chamber was achieved with a precision, pre-set
mercury-in-glass thermosta* operating a solid-state electronic
controller. The maximum permissible gas temperature at the output
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of the heat-exchanger was 55°C, guarded by a second pre-set thermo-
stat, which was connected to the controller in such a way as to
override the control action and turn off the heat input if the temp-
erature limit was exceeded. The power supply to the heat exchanger
and chamber warmring cable was via a Variac, so that the rate of
temperature change could be adjusted manually dur _.ng the warm-up

and cooling periods.

All the specimens scheduled for the ethylene oxide exposure
were treated at the same time. The exposure procedure is des-
cribed below:

(1) Specimens were recmoved from polyethylene protective
envelopes, and piied loosely inside the tesi. chamber. The
chamber was situated in a conditioned laboratory, and conditions
at the start of the exposure were 21:+1°C, 65%+2%RH.

(2) The chamler was closed, and the circuitator and heaters
were turned on. The temperature of the circulating air atmosphere
inside the system was raised to 40°C in two hours.

(3) When the set point temperature was established, the
vacuum pumnp was started, and the system was evacuated to 27
inches of mercury vacuum.

(4) A precalibrated amount of water was admitted to the
system through a double valve airlock. The guantity of water
was sufficient to establish a relative humidity of 75% after the
chamber pressure was again raised to atmospheric pressure.

The circulating pump was continuously operated during this time,
circulating the low pressure, moist, warm air atmosphere. This
humidity soak continued for one hour.

(5) Ethylene oxide gas mixture was admitted into the
system from a bottled gas supply. Certified analycis by the
gas supplier was 12.2% ethylene oxide, and the remainder Freon 12.
The gas mixture was bled into the evacuated system through a
needle valve. The gas was admitted slowly at the inlet side of the
heat exchanger, so that the gas was warmed before reaching the
chamber, and the chamber temperature was maintained at 40°C. Gas
was bled in until the chamber was again at atmospheric pressure.
A low pressure relief valve in the system prevented any possible
excess pressure build-up by venting outdoors through the vacuum
pump discharge line. The 12.2% ethylene oxide gas mixture at
atmospheric pressure contains the specified decontaminating agent
concentration of 500 *+ 50 milligrams per liter.



(6) A constant temperature, constant pressure atmosphere
of mixed gas was circulated through the exposure chamber for
the scheduled 24 Lour exposure time.

(7) At the end of the 24 hour period, the temperature
level was reduced to ambiont over a two hour time span.

(8) The chamber was evacuated with the vacuum pumr, and
the atmosphere was replaced with ambient air. This cycle was
repeated three times to dismel all the ethylene oxide agas.

(9) “he chamber was opened, and the specimens removed
and replaced in their polyethylene envelopes fcr storage prior
to testing or further environmental exposurc.

Packing Load and Heat Cycle

The experimental arrangement for the packing load and heat
cycle exposure 1is shown in Figure 2; it is based on a Custom
Scientific Co. two-compar tment envirmrnmental chamber, designed
for use in conjunction with an Instron testing machine. One
compartment is the specimen exposure chamber, which is installed
in line with the Instron load cell and cross head. The second
compartment contains an electric resistance heating element.

A motor driven fan continuously circulates the chamber atmosphere
between the two compartments.

In order to simulate pressure packing, test specimens were
folded according to the NASA Langley drawinos and placed between
stainless steel platens; a stack of specimens and loading platens
was installed in a compression cage inside the test clramber.

The platens were ground to better than a 30 microinch finish, and
were washed in ethyl alcohol and covered with a layer of Dacron
canopy fapric before assembly of the stack. The compression

cage was coupled to the Instron, which was set in the load cycle
mode to d>rovide a constant compressive load during the heat cycle.
The areas of specimens between the plitens and the applied tensile
load were calculated to give a uniform compressive stress of 300
psi on the folded specimens. Three separate exposures were re-
quired to accommodate all the specimens for the exposure; however,
to avoid possible cross-contamination, the specimens that had
previously been exposed to ethylene oxide were included in loads.
Each of the three packing loads and dry heat cycle exposures was
programmed according to the following schedule:

(1) Specimens were removed from polyethylene protective
envelopes, and folded i1n accordance with the drawinag requirements.
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{2) The platens and specimens were arrfanged in a verticai
stack in the compressinn cage 1nside the test chsmher. The com—
pression cage was linked to the 1oad cell 2nd the cross head of
the Instron through siiding sevis in the test chamber floor and.
ceiling. Atmosphere in the tesi namber at the start of the ex-_
posure procedure was 21:i1°C, and «3>:235Rid.

(3) The chamber was clbseaJ znd. flushed with several :
changes of dry nitrogen. A <ompressive load of 3390 psi in the
specimens was aprlied by the instron, which was set ‘or autcmatic
cycling co mu;ntaen a constant pre-sét load. -

(4) The heating element pcwer supply was set manually to
provide a temperature rise rate of- ‘approximately 13°C per hour.

Sliow heatino continued until the set poirkt of 125°C was reached

in approszmately eight hours. During the hoatlng pericd, the
chamber was subjected to additional nitrager gas fiushing, :to
assure a chamber atwosphkere with 2 minimum contamiration of the
nitrogen atmosphers from outgassing of heated material inside -

the chamber. Dimensiornal changes due to thermal expansion Gf.

the metal part of the- -compressSicn cage and tension linkage which
would have resgylzed in a relaxatioun of the specimen compression
load were offset by the icad cycle control of the test machine. .
When the pre-set temperature level was reached, the load remained -
.essentially constant and required only intermittant control actiosn.

(5) A cocnditicn of constant compressive load and constant™
temperature, with continucus circulation of ;he heated nxtroaen
gas, was maintaired for 21 hours-

(6) At the conc;usxon.uf the cocastant temperature perlod, -
the heater controllers were set manually for a gradual cooling
-of approximately 13°C per hour. Durlng this time the load
application was relaxed to prevent overloadlng from‘conttactlon
of the cooling metal rarts.

(7} #hen the chamber temperafure approached ambient
texperature, the chamber atmosphere was flushed with room air
at 21:1°C, 65%2%RH.

(8) <The compression cage was removed from the chamber, and
‘the specimens and pressure platens were removed from the cage.
Specimens, still folded, were placed in polyethylene bags for
storage until they could be examined for eviaence of degradation
and be subjected to the scheduled physical testing.
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TEST PROCELURES, EBESULTS AND DISCUSSIONS
Seneral

All testinc was carried out in an atmospheric environment
controiied at 21%1°C; 6522%RH. All tens:ile testing was carried
otvt 2zing Instron tensile testers, and air permeablllgy measure-
mants were carxied out using a Frazier Air Permeometer. All
test machines were calibrated before use in accordance with the
manuiacturers standard procedures. Changes in fabric properties
.af?ex environmental exgosure are calculated as percentages of the
“control valaes, and are quoted to the neare;t‘percent throughout.

ail specimens were- exam.red visually for danage and degrada-
ticr after the varicus environmental exrosures. With the exception
-~ of 2. few specimens in which the sark1ng ink had run anG caused :
locai -@iscoloration to the fakric anrd the platen, no evidence of
:7uetet1ezatlon.was found; the specimens with the dispersed irk were
not 51qn1f1cantlv dxfferent in their behav1or froa other specimens.

Tens;.e Tesgs and DlBEnSIODal Suab111tg_of tanopy Pabrlc

-~

e Thlrty—fwo 10 in. x 1 1/4 in. strlps with the long d;men51cn

. paraliel to che warp yarns, and eight 3¢ in. x 1 1/4 in. strips

- with the lcng direction parallel to: the filling yarns were cut .
‘frcmwthe canopy fabric; particular care was taken that the sane
warp and filling yarns were not common to any .of the specimens.
Heasurements under zero load indicated that the thread count of
the- fabric was" approxlmately 95 ends per inch x 101 picks per :

_inch. Accordingly the warp strips were ravelled down to 100 threads
"and the filling strlps to 104 threads prior to final preparation
of the test specimens. The scrips were placed under a tensile lcad
of 2.0 + 6.1 1bs and the end and pick count was measured using a

. thread counter with a 1/2 in. aperture. The strips were then

~ravelled down to their final width of 1 inch; all warp specimens

"~ contained the same number of warp yarns (96), and all filling
specimens the same number of filling yarns {(100). All specimens
wvere marked with a 3 in. gauge length under the tensile preload,
and were further marked for identification prior to storage or
testing.

Ené and pick counts of the various specimens under the 2 lbs
preload are shown in Table I and are summarized in Table II.
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TABLE 1

FABRiIC SPFCIMENRS UNDER 2 LBS PRELOAD

Specimen Identification Ends,'l1/2 Inch

Picks/1/2 Inch

Ia-1-A

Ia-1-B

ITa-1-C

Ita-1-D

Ia-2-A

0N AN BN ENAUNAWN -

BN BWN

QLN WN -

DIV WN

Averag “

Average

Average

Average

Average

43
48
48
46 -
a8
48 .
48
48
[

48
48
48
48
48
48
49
48
3
19
48
48
48
48
48
48
48
i3

48
48
48
48
48
48
48
48
[}

47
46
46
46
47
47
47
47
7

50
50
S0
50
50
50
50
50
50

50
51.
50
50
50
50
50
50
50

50
50
50
50
S50
50
S0
50
50

51
50
50
50
50
50
50
50
50

52
51
51
52
51
51
51
51
51
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TABLE II
SUMMARY -~ END AND PICK COUNT OF CANOPY

FABRIC UNDER 2 LBS PRELCAD

Specimer Identification Average Ends/Inch Average Picks/Inch

Ia-1i-A 96 100
Ta-1-B 96 100
fIa-1-C 96 100
Ira-1-p 96 106

Ia-2-A ] -04 102-

;gpptoxiﬁéte measuremant.
~ under zero tension 95 101

Under warp-way load the thread count is 96x10G and under filling-
way load it is 94x102. Under waxp Jay tension the warp yarns are
extended slightly and the pick ~ount falls; the end count is raised
slightly since the specimen necks in a little because of crimp
interchange. .Jith filling 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
environments. Results of these measurements are shown in Table
III, where they are compared with the pre-exposure values for the
same specimens. ) )
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The dimensional changes in the canopy fabric are very
small for all exposure conditions. There is no detectable
change in the fabric dimensions on exposure to ethylene oxide,
a 1% shrinkage in the filling direction only on exposure to
heat and pressure packing and a 1% shrinkage in the warp direction
on exposure to ethylene oxide plus heat and pressure packing.
Thus, the canopy fabric is stable within 1% for all exposure
conditicns.

Tensile tests on the various specimens were carried out
using an Instron tensile tester in accordance with the re-
auirements of ASTM D-1682-64 for ravel strip specimens. The
specimens were held in flat, rubber-lined jaws, and a jaw speed
of 2 inches/minute was used. Results are given in Table 1V
for the breaking load of the variously exposed specimens and
in Table V for the breaking elongations of the control speci-
mens.

The control warp specimens have an average breaking load
of 69.8 lbs/inch and an average breaking elongation of 33.7%; -
the filling specimens have an average breaking load of 74.5 lbs/
inch and an average breaking elongation of 39.5%. The higher
breaking load in the filling direction is partially a result of
the greater number of filling threads per inch; the higher breaking’
elongation in the f1111ng direction is probably caused by the
somewhat greater crimp in the filling yarns. This pattern of
behavior is typical of fabrics heat-set under predomlnately warp-
way tension.

The breaking load of warp specimens exposed to the ethylene
oxide and to ethylere oxide heat and pressure packing are
essentially the same as the warp control specimens. The average
breaking load for the warp specimens exposed to heat and pres-
sure packing alone is 7% less than the average for the control
specimens, mainly as a consequence of one test result for speci-
men IIa-1-C-3 which is 51gn1f1cantly less than any other result.
Examination of the test specimen showed no obvious reason for
this result, and it must be accepted as real. Thus, while the
pressure packing usually has little cor no effect on the strength
of the canopy fabric, it can lead tc sone degradation under certain
indefinite circumstances.

Grab Tests on Canopy Fabric

Grab tests were carried out using an Instron tester on
bias specimens of canopy febric in accordance with the appro-
priate section of ASTM-D-1682-64. The specimens were held in
2 in. x 1 1/2 in. flat, rubber-lined jaws and a gauge length of
3 inches and a jaw speed of 2 inches/minute were used. The breaking
loads of specimens evpcsed to various environments are shown in
Table VI. *
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TABLE IV
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON
THE BREAKING LOAD OF CANOPY FABRIC
Ch-nge On

Specimen Breaking Load Exposure
Identification Exposure Condition lbs/inch (%)

Ia-1-A-1 69.0
76.0
Control 63.0
70.8
- 70.0
Average 69.8

NbdWwWwN

Ia-1-B-1 68.5

Ethylene Oxide 69.2

N W

Average 6
ITa-1-C-1 6
6

Heat and Pressure 57
Packing 66.0

~SHhwN

Average 65.0 -7

iIa—l—D-l Ethylene Oxide + 69.7
Heat and Pressure - 69.0
Packing 68.5

nNndkwN

- Average
Ia-2-A-1

Control

Vi Wwiv

Average 74.5

JB - Jaw Break
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_TABLE V

BREAKING ELONGATION OF CONTROL CANOPY FABRIC

Breaking Elongation

Specimen Identification (%)

Ia-1-A-1 33.5
2 33.5

3 34.4

4 - 33.5

5 33.7
Average 33.7
Ia-2-A-1 32.3
2 43.2

3 41.90

4 36.7

S 37.5

Average 39.5
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TABLE VI

EFFECT OF VARIOUS ENVI.ONMENTAL EXPOSURES ON THE

GRAB BREAKING LOAD OF BIAS SPECIMENS OF CANOPY FABRIC

Specimen
Identification

Ib-A-1

NdwWwN

Ib-B-

N W -~

ITIb-C-4

X JONHn

IIb-D-1

NN

Average

Average

Average

Average

Exposure Condition

Breaking Load

1bs

Change On
Exposure

(%)

Control

Ethylene Oxide

Heat and Pressure
Packing

Ethylene Oxide

+ Heat and Pres-

sure Packing

100.0
94.0
101.5
1100.0

98.5 .

98 .7

124.3
129.6
120.0
121.8
111.4
121.5

126.2
120.0
124.0
123.8
117.8

122.9 -

117.5
116.8
122.4
107.2
126.8
1181

+23

+24

+20
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The grab breaking load is increased over the control for all
environmental exposures. The breaking load in a grab test specimen
is determined by a combination of yarn strength and the magnitude
of the maximum shear deformation that the fabric can sustain. Since
the strip strength of the canopy fabric is essentially unchanged by
the various exposures, the shear behavior is the controlling influ-
ence in this case. The environmental exposures have in common a
considerable time at elevated temperature, which usually has the
effect of relaxing inter-yarn forces and lowering the shear resistance
of fabrics wuven from thermoplastic fibers, thus permitting greater
deformation under a given shear stress. This allows the yarns to
align themselves more nearly with the direction of principal stress
in the fakric and thus tc bear more load at rupture. The general
level of the breaking load in the bias grab test is greater than
the strip breaking load since more yarns are intersected by the front
edge of the jaw faces in the former case than in the latter.

Tensile Tests and Dimensional Stability of Braid

Tensile tests were carried out on specimens of braid using the
Instron tensile tester. The specimens were held in 2 inch diameter
capstan jaws with 10 inches between jaw centers, and a jaw speed of
2 inch/minute was used. As directed on the MASA drawing the specimens
were wrapped a total of 2 1/2 turns around the capstan grips, in an
effort to prevent slippage. The nature of capstan grips are such
that relative movement takes place between the specimen and the drum
surface, and in the case of 2 1/2 wraps, between one turn of braid
and the second turn. This relative movement takes place in an inter-
mittant manner, which superimposes a sawtoc th characteristic on the-
load-elongation curve. This stick-slip behavior was much more pro-
nounced with 2 1/2 turns than with the customarily used 1 1/2 turns,
and it is recommended strongly that a stipulation of minimum turns
be omitted from future test instructions.

After mounting, a 6.0 inch gauge length was marked in the
center of the specimen with the braid just taut, and a photograph
was taken of the marked specimen; this gauge length served as the
reference for elongation measurements. The specimen was then ex-
tended and at a recorded load of 62 lbs the crosshead was stopped
and a second gauge length of 2.0 inches was marked as the load
decayed to 60 lbs; the second gauge length served as the reference
for dimensional stability measurements. A second photograph was
taken and the specimens were then tested to rupture (control speci-
mens) or unloaded, removed and stored for subsequent environmental
exposure and testing. As the specimens approached rupture, a further
sequence of photographs were taken at selected increments of load
in order to determine the breaking elongation. Flongation measurements
were made on the projected image of the photographic record. The
nomenclature used in these measurements 1is shown in Figure 3.
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r—
'O

a. zero l.ad

b. Under preload

c. Immediately hefore
rupture '

Figvre 3 DMNomenclature for Breaking Flongation and
e Dimensional Stability Measurements
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The 6.0 inch gauge length is denoted by L, at zero load, and L,
at rupture; the breaking elongation is given by:

Breaking Elongation = [(Lp-L,)/Ly]x100%.

The dimensional stability after environmental exposure was found
from direct measurements of the 2.0 inch gauge length under the
preload; this length is denoted by zp.

Results for the breaking load for the braids exposed to various
envirormental conditions are shown in Table VII, for the breaking
elongation of certain specimens in Table VIII and for dimensional
stability in Table IX. -

The breaking ioad of the braid is vvery slightly increased as -
a result of the various environmental exposures and the marked
2.00 inch gauge lencth also increased slightly on exposure in some
specimens. In no case, however, are the dimensions or the mechani-
cal performance characteristics affected significantly. :

Tensile Tests and Dimensional Stability of Seam Reinforcing Tape

Tensile tests were carried out on specimens cf tape using *he
Instron tensile tester. The specimens were held on 2 inch diameter
capstan jaws with 10 inches between jaw centers and a jaw speed of .

2 inches per minute was used. As for the braids, 2 1/2 turns were
taken round the capstan grips, in accord with the MASA drawings.

The stick-slip behavior reported for the braids weas also found,
greatly enhanced, in the tape tests. The tapes.are more susceptible
than the braids since subseguent turns of tape overlay earlier turns
rather than lying side by side as in the braid tests, and the problems
associated with relative motion are magnified.



EFFECT OF VARIOUS ENVIRCNMENTAL EXPOSURES ON THE

Specimen
Icentification

III-A-1

III-B-2
3

AN n

I1I-D-1

nbdbwN

e wN

Average

Average

Average
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TABLE ViI

BREAKING LOAD OF BRAID

Exposure Condition

Change On

Breaking Load Exposure

1lbs

(%)

Control

Ethylene Oxide

Ethylene Oxide
+ Heat and Pressure
Packing

704
710
710
712
717
711

710
730
723
710
720
79

727
720
718
720
721
721

+1

+1
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TABLE VIII

BREAKING ELONGATION OF CONTROL BRAID

Breaking
Specimen 1 - 1 Elongation
Identification Exposure Condition L, (in) L. {in) (%) ‘
II-A-1 4.50 6.00 25.0
2 4.45 5.95 25.2
3 Control 4.45 5.95 25.2
4 4.43 5.93 25.3
5 4.20 5.65 25.7
Averaye 25.3

T Measure& on film reader
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~ TABLE IX -
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE

CIMENSIONAL STABILITY OF BRAID

Change On

Specimen ) S Exposure
Identification Exposure Condition L% (%)
ITI-A-1 2.00

2 » _ 2.00

3 Control - ‘ 2.00

4 . . 2.00

5 2.00

- Average 2.00 - -
III-B-2 2.00

3 . , 2.00

4 Ethylene Oxide - 2.07

5 ' 2.05

6 2.06

Average 2.04 +2

III-D-1 - o 2.00

2 Ethylene Oxide - 2.00

3 "+ Heat and Pres- 2.03

4 sure Packing - 2.03

5 2.04 .

Average 2.02 +1

¢ Measured on braid under 60 lbs preload
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After mounting, a 6.9 inch gauge length was marked in the center
of the specimen with the tape just taut, and a phctograph was taken
of the marked specimen. The specimen was then extended, and at a
recorded load of 57 lbs the crosshead was stopped snd the warp count
was measured as the load decayed to 55 lbs using a thread counter
with a 1/2 inch aperture. The specimen was ther extended to rupture
{(control specimens) or unloaded, removed and stored for subsequent
environmental exposure and testing. As the specimens approached
rupture, a sequence of photographs was taken to determine the break-
ing elongaticn in the sanc way as was previously described for the
braid.. Results for the breaking lnad for the tapes exposed to
various ervironmental conditions are shown in Table X, for the break-
ing ~longation of the control tapes in Table XI and for the dimen-
sional stakility in Table XITI. -

The breaking load is unchanged for the Fthylene Oxide exposure
and for the Ethylene Oxide + Heat and Pressure Packing exposure.
Several specimens showed no change in the Hezt + Pressure Packing
exposure but two specimens, Nos. 4 and 5, nad significantly lower
breaking loads. This behavior is very similar to that found for the
breaking load of the canopy fabric, and again it must be concluded
that, while f-essure packing usually has little or no effect on the
strength of the tape it can lead to some degradation under certain
indefinite circumstances.

The warp ends per inch decrease slightly after exposure to
Ethylene Oxide and considerably after Heat and Pressure Packing.
The decrease in the latter case is caused by the increased width
of the tape under the compressive load. Presumably the high temp-
erature condition in the ethy.ene oxide exposure relaxes and
stabilizies the structure somewhat and subsequent pressure packing
in exposure condition D does not rurther change the structure.
Since thece dimensional changes are width-way they do not sicnifi-
cantly affect the mechanical performance of the tape, whlch is a
predominately warp yarn structure.
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TABLE X
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE

- BREAKING LOAD OF TAPE

‘ . Change On
Specimen : Breaking Load Exposure
Identification Exposure Condition (1bs) (2)

IVa-A-1 630
: 627

Control €23

619

. 630
Average 626

MDA WN

IVa-B~- 625
: 625

Ethylene Oxide 628
624

626

Average 625 c

Vb W N

IVb-C- 625
Heat and Pressure 625
Packing 625

595

570

~Average 608 =2

Ul W N =

IVb-D-1 640
Ethylene Oxide + 628
Heat and Pressure 621
Packing 630
617
Average 627 0

ndawN
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TABLE XI

BREAKING ELONGATION OF CONTROL TAPE

Breaking

Specimen 1 Elongation
Identification Exposure Condition Lg(in) Ly {in) (%)
Iva-A-1 4.84 6.66 37.6
' 2 4.75 6.56 38.1
3 Control 4.59 6.25 36.2
S 4.63 6.31 36.3
6 4.63 6.31 36.3
Average 36.9

1l Measured on film reaaer
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T, BLE XII
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON TEE

DIMENSIONAL STABILITY CF TAPE

Change On -

Specimen ) _ Exposure
Identification Exposure Condition Ends/1/2 In.  Ends/In. (%)

IVa-A-1 84
. 86
Control 82

- 84

84
Average 84 168

AN WN

1 80
2 . 84
3 Ethylene Oxide 82
4 80
S 80
Average 81 162 -4

76
76
Heat and Pressure 78
Packing - 78 .
. 78 : B
Average 77 154 -8

U1 W N

IVb-D-1 82

Ethylene-Oxide 84

+ Heat and Pres- 78

‘sure Packing 80

: 80
Average 81 162 -4

Nk WV
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Air Permeability and Dimensional Stability of Canopy Fabric Under
s1axi1al Loading

The basic air permeability specimens were i0 inch x 10 inch square,
and all the environmental expnsures were carried cut with the specimens
in this form. 1In order tc apply biaxial loads to the specimens, tails
of neoprene coated polyester fabric 4 1/2 inches wide and 10 3/4
inches long were sewn to the center of each side of the square, to
form a composite cruciform specimen. The biaxial loading was carried
cut using an available loading device in which the free ends of the
tails are gripped in small capstan-type jaws attached to pistons
actuated by four identical pneumatic cylinders. The entire piston
assembly is designed to fit on the Frazier Air Permeometer and when
pressure is applied tc the cylinders an area of uniform biaxial stress
is set up in the center of the original square fabric specimen. This
‘area is about 3 inches square and sufficient to cover the orifice
cf the Permeometer. A photograph of the biaxial stress assembly
is shown in Figure 4 and a close up of a fabric specimen under biaxial
stress is-shown in Figure 5.

Following mounting, the ends and picks per inch in the center
of the specimen were measured using a pick counter with a 1 inch
aperture, with the specimen under zero biaxial load. Pressure was
then applied to the cylinders to give successively tensile loads
of 5, 15 and 25 1lbs/inch in each direction of the fabric, and the
end and pick count was remeasured, and the air permeability was found
at each load level; the air permeability was measured in accordance
~with the requirements of ASTM-D-737-67. Results for the end and
pick counts are given in Table XIII and for the air permeablllty in
Table XIV.

The information contained -n Table XIII is summarized in Figure
6. All the specimens exposed to the various environments clearly
follow the same trend of decreasing threads per inch under increasing
biaxial load. The control specimens shows slightly different behaviors"
at low load levels, having rather more extension in the warp direction
~than in the filling direction. While the detailed explanation for
this difference is not known, it seems probable that it is another
manifestation of slight fabric relaxation during the long dwell tlme
at elevated temperature comron to all the exposure conditions.

The air permeability measurements are summarized in Figure 7.
All materials show an increase in air permeability as the biaxial
load increases, since the extension of the fabric increases the size
of the inter-yarn interstices. All test results, except those for
the fabric in the D condition at maximum load, form a self-consistent
set, with air permeability increasing in order D,C,A,B; the difference
between the various fabrics is very small, however, as might be
-expected from the fact that only insignificant dimensional changes
are found in the fabrics.



Figure 4. Overall View of Biaxial
Loading Device




lose Up of Specimen Mounted on
iaxial lLoading Device

Figure 5. ¢
5
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TABLE XIII

EFFECT OF VARIOUS ENVIRCNIENTAL EXPOSURES ON THE

DIMENSIONAL STABILITY OF CANOPY FABRIC

Biaxial Load

UNCER BIAXIAL LOAD

Specimen
Identification

Change On
Ends/Inch x Exposure
Picks/Inch

(%)

Control

Ethylene
Oxide

(lbs/inch)

0

15

25

vVa-aA-1l

MU bW

Average

Average

Average

’Average

Average

Average

100
100
100
101

93
95
94
93
94
94

A E I

93 x 94
95 x 95
94 x 94
96 x 98
92 x 100

93 x 90
93 x 95
94 x 94
96 x 9¢
92 x 100
94 x 095

93
83
87
93
87
89 x 901

95 x 100
96 x 100
95 x 100
96 x 100
95 x 101
95 = 100

MM XN XN
o
i

92 x 97
91 x 100
90 x 100
93 x 100
95 x 100
92 x 99

(+1)x(0)

(-2)x(-3)



- 32 -

TABLE XII. (Cont)

" "FECT OF VARIOUS ENVIRONME!TAL EXPOSURES ON Ti.lE

DIMENSIONAL STABILITY OF CANOPY FARRIC

JNDER BIAXIAL LOAD

» Change On
Exposure Biaxial Load Specimen Ends,/Inch x Exposure
Condition {(1bs/inch) Identificatiorn Picks/Inch (%)
15 Va-B-1 88 x 94
3 91 x 97
4 90 x 97
-5 91 x 94
6 92 x 98
Average 90 x 06 (-4) x(+1)
25 Va-B-1 85 x 92
3 84 x 92
4 85 x 94
5 88 x 94
6 88 x 93
Average 86 x 93 (-3)xi{-2)
Heat and 0 Vb~C-1 96 x 102
Pressure 2 96 x 102
Packing 3 96 x 102
_ 4 96 x 102
5 96 x 100
Average 96 x 102 (+2) x (+2)
5 Vb-C-1 93 x 96
2 96 x iN2
3 93 x 102
4 96 x 99
5 96 x 97
Average 95 x 99 (+1) x(+3)
15 Vb-C-1 91 x 96
2 91 x 99
3 91 x 96
4 93 x 96
5 91 x 94
Average 91 x 96 (-3)x(+1)
25 Vb-C-1 89 x 93
2 89 x 96
3 86 x 96
4 86 x 96
5 89 x 94
Average 88 x 95 (-1)x(+4)



EFFECT OF VARISUS ENVITONMUNT AL EAPOSYRC:

TASLE XIXI {Conk;

DIFENSTONAL STASILITY O CAKOPY FABRIC

UNDER BrAXLAL LoAG -

o THY .

Zharnge On
Exposure Silaxial Lo:z4 Speciner. Ends/inch : Euposure
Condition (ibs/icch) Id=sntificaticn Picks/Tnch Y
‘Ethvlene G C Uh-0-1 S€ x 103

“Oxide -
+ Heat and
ressire

2acking

!

z 94 x H3

3 96 x 133

4 %f x 1G5

) 5 9¢ x 102
- average %6 < :02

5 Ch-{3- 93 x 103
2. Gz x 109

) E ¥ x 28

4 .36 X 3%

o 33 & 89

. Average " BF % 10¢

vy
Y}

t

15 Vbl 23 x 37
F' - 8% x 13¢
3 T 82 x 95
-2 . %31 x 98
- g T 81 x 9¢
. Average 31 x 98
25 Vb-D-~ % 91 x 94
2 B x 87

3 86 x 885 .
4 .21 % .83

Rvgrage C¥8.X.

{+2)x(+2)

(-1 x{+4)
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TABLE AIV

EFFECT OF VARIOUS ENVIaUHMINTAL EXPOSURES ON THE

AIR PERMEABTILITY OF TANOPY FABRIC

Biaxial Lcad
- {ibs/inch)

I4 Ladal
{ Nk

identification

YT o2
EL.’"‘.;-.—;‘\&J

T .~ e
s
L :‘xi"

fcu f£/min/sq ft)

.~ --. Thange On
ALr PermealiZ 11Ty -

—Exposure
o (t}.‘ e

Controlr

Ethylene
- Oxide

5

15

25

va-A-1l

AN bW

- Average

vVa-aA-1

NV W

Average

va-a-1

YU W

Average

Va-B-1

XL

Average

Va-B-1

- YLK XN

Average -

va-B-

AN I PN

Average

192
.86
1v5
200
224
199

232
230
236
238
263
2480

304
297
315
312
335
- 312

207
196
213
201
227
- 209

253

243
254
244
2¢8
253

323
320
327
515
335
327

—_——

+5

+5

+4
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TABLE XIV (Cont)

EFFECT OF VARICUS ENVIRONMENTAL EXPOSURES ON THE

AIR PERMEABILITY OF CANOPY FABPIC

Biaxial Load

(1bs/inch

UNDER BIAXIAL LOAD

Specimen
Ident:fication

Air Permeability
(cu ft/min/sq ft)

Change O

_Exposure

(%)

Heat and
Pressure
Facking

Ethylene
Oxide

+ Heat and

Pressure

Packing

5

15

25

15

2y

Vb-C-1

ndwWweN

Average

Vi WN

Average

VW N

Average
Average
Vb-D-1 o

Average

Average

209
188
171
188
190
190

248
244
213
236
232
235

321
314
278
310
298
305

216
188
211
179
173
197
268
225
241
221

230
238

332
293
310
292
2865
302
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ENDS /7 INCH

Pigure 6. Variaiion_»df Canopy Fabric Construction with
‘Biaxial Load -
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0 5 o s 20

BIAXIAL LOAD L8S/ INCH

Figure 7. Variation of Air Permeabllxty of Canopy-
Fabric with Biaxial Load
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Seam Strength and Dimensional Stability of Canopy French Fell Seams

Prior to environmental exposure, the seams of all specimens were
marked with a 2.00 inch gauge length under a 5.0 + 0.10 lbs preload.
The preload was applied by deadweight loading, with one end of the
seam clamped in the Instron upper jaw and the weight of the freely
suspended lower jaw increased to 5.0 lbs. After environmental ex-
posure the gauge length was remeasured under the same load coaditions.
Seam strength tests were carried out on an Instron tensile tester.
The specimens were gripped in 2 in. x 2 1n. flat, rubber lined jaws,
with a three inch separation between the jaws, the overail elongation
of the seam specimens at rupture was obtained directly from the jaw
position at rupture. Results for the seam strength of the specimens
exposed to various environmental conditions are shown in Table XV,
for the breaking elongation of the control seam specimens in Table
XVI and for the dimensional stability of tne seams in Table XVII.

The strength of the seam perpendicular to the warp yarns is not
affected by the ethylene oxide alone but the heat and pressure packing,
either alone or in conjunction with the ethylene oxice txeatment,
increases the seam strength considerably. For seams in the bias
direction the trend 1s different; an increase of 2.7% is found after
ethylene oxide exposure, but for treatments involving heat and pressure
packing the increase is much less; the mechanism of these changes is
not . lear. '

The seams shrink a little on exposure to ethylene oxide, and
extend slightly on exposures involving pressure packing; the increase
is probably caused by the comressive load on the specimen under these
conditions.

The overall seam efficiency fcr specimens with seams perpendicular
to the warp yarns can be calculated from these results and those for
the ravel strip specimens. An average strip strength is 70 lbs, and
for the perpendicular seam specimens 54 lbs. This gives a seam effi-
ciency of approximately 77% for the specimens. The complexity of
the geometrical arrangements i1n the various tests preclude a similar
calculation for the bias seams: however, as a consequence of the greater
number of yarns crossing a unit length of seam the bias seam strength
per inch is higher than that of the perpendicular scams.
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TABLE XV
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE

STRENGTH OF CANOPY FRENCH FELL SEAMS

Seam Perpend:i -ular to Warp Yarns -
o ~ Change On

Specimen Seam Strength Fxposure.

Identification Exposure Condition {lbs/inch) {%)

Via-1l-A-1 50.0

2 55.4

3 Control 53.C
4 53 7
5

51.
Average 52.7

‘Via-1-B-1 55.8
50.0

Ethylene Oxide 56.7
~ 49.0
52.3

O N YW X

ﬂ
.
o

Average -
vib-1-c-

Heat and Pressure
Packing

U WA
LR LR
N OV N W

o Jlo.w o' o o
SONMNNN

Average +5

Vib-1-D~-1

n
v
L ]

©

2 Ethylene Oxide + ~ 57.5

3 Heat and Pressure - -55.2

4 Packing 53.0 .

5 : 51.7 b
Average 55.4 +5
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TABLE XV (Cont)
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE

STRENGTH OF CANOPY FRENCH FELL SEAMS

Bias Seams

Change On
Specimen Seam Strength Lxposure
Identification Exposure Condition (lbs/inch) (%)

Via-2-a-1 4.3
65.0

Control 61.8

59.6

69.0

Average 63.9

b ot

Via-2~B-1 65.6
65.5
Ethylene Oxide 67.0
65.8
64.0
Average 65.6 +3

UVbhwN

1 68.2
2 Heat and Pressure 65.0
3 Packing 68.0
4 62.0
5 59.3
Average 64.5 +1

Vib-2-D~-1 60.8
Ethylene Oxide + 58.0
Heat and Pressure 64.0
Packing 70.4
68.5

Average 64.3 +1

U WN
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TABLE XVI
BREAKING ELONGATION OF CONTROL SPECIMENS OF

CANOPY FRENCH FELL SEAMS

Specimen Identification Seam Direction Specimen Elongation (%)

Via-1l-A-1 25.8
2 Perpendicular 34.7

3 to 32.7

4 Warp Yarns 29.9

5 32.0

Average 31.0

Via-2-A-1 58.0
2 63.2

3 Bias 60.1

4 58.3

5 60.1

Average 6l.1
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TABLE XVII
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE
DIMENSIONAL STABILITY OF CANOPY

FRENCH FELL SEAMS

Seams Perpendicular to Warp Yarns
Gauge Length Change On
Specimen Under 5.0 lbs Exposure
Identification Exposure Condition Preload (Inches) (%)

Via-1l-A-1 2.00

2 2.00

3 Control 2.00

4 2.00

5 2.00

Average 2.00
Via-1-B-1 2.00
2 1.96
3 Ethylene Oxide 2.00
4 2.00
5 1.97

Average 1.99 -1

1l 2.00
2 Heat and Pressure 2.00
3 Packing 2.02
4 2.03
5 2.02
Average 2.01 +1

Vib-1-D-1 2.02
2 Ethylere Oxide 2.04
3 + Heat and Pres- 2.01
4 sure Packing 2.02
5 2.03
Average 2.02 +1
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TABLE XVII (Cont)
EFFECT OF VARIOUS EWVIRONMENTAL EXPOSURES ON THE
DIMENSIONAL STABILITY OF CANOPY

FRENCH FELL SEAMS

Bias Seams

Gauge Length Change On
Specimen Unaer 5.0 lbs Exposure
Identification Exposure Condition Preload (Inches) (%)

Via-2-A-1 2.00

2 2.00

3 Control 2.00

4 2.00

5 2.00

Average 2.00
Via-2-B-1 1.92
2 1.95
3 Ethylene Oxide 1.96
4 1.95
5 2.00

Average 1.96 -2
Vib-2-C-1 2.00
2 Heat and Pressure 2.02
3 Packing 2.03
4 1.98
5 2.00

Average 2.00 0

Vib-2-D-1 2.00
2 Ethylene Oxide + 2.00
3 Heat and Pressure 2.00
4 Packing 2.00
5 2.00
Average 2.00 0
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Seam Strength and Dimensional Stability of Reinforced Canopy Radial
Gore Seams

These specimens were geon2trically identical with those prepaved
for the French fell seam studies, and differed only in that the seams
were reinforced with the tape previously described. All experimental
arrangements were identical with those used for the French fell seams,
with the exception that the dimensicnal stability was determined from
measures of the ena and pick count of the reinforcing tape, measured
with a pick counter with a 1/2 inch aperture. Results for the seam
strength of the specimens exposed to various environmental conditions
are shown in Table XVIII, for the breaking elongation of the control
seam specimens in Table XIX, and for the dimensicnal stability in
Table XX.

The seam strength of all specimens is essentially unchanged by
all exposure conditions. The increase found for the perpendicular
seamed specimens exposed to heat and pressure packing is caused by the
high value found for specimen under VIIb-1-C-4, which is probably a
result of specimen-to-specimen variation. There is no significant
change in the dimensions of the seams perpendicular to the warp yarns,
or in the bias seams in the diresction of the seam. The measured ends
per inch in the tape shows an increase for all exposure conditions,
indicating a contraction in the width of the seam tape. The fabric in
the seam gives more : pport to the tape when the seam is perpendicu-
lar to the warp yarus than when the seam runs in the bias direction,
and prevents the contraction in tape width. rhis difference is also
manifested in the result for breaking extension; the perpendicular
seam specimens have an overall breaking elongation of 30.3% while
that of the bias specimens is 56.6%, as a resull of the greate: de-
formation potential of the fabric in the bias direction.

The strength of the seams perpendicular to *he warp yarns 1is
not changed by :he addition of the reinforcing tape. However, in
the bias direction the addition of the tape increases the breaking
locad of the seam from approximately 64 lbs/inch to approximately
73 1lbs/inch, an increase of 14%, though the increase is at the expense
of greater weight per unit length of seam.



TABLE XVIII
EFFECT OF “"*TT10OUS ENVIROHMENTAL EXPOSURES ON THE

STRT™NGTh . "NFORCE3 CANOP' RADIAL GORE SEAMS

Se:n Perpendicular to Warp Yarns

Change On
Specimen Seam Streagth Exposure
Identification ZIxposure Cencition (lbs/inch) (%)

vila-1l-2-1 53.¢
2 51.5

3 Control 52.2

4 53.0

S 54.7

Average 52,8

53.5
53.0
Ethylene Oxide 55.7
54.7
48.0
Arerage §3.0 c

(Z¥a~1-B-

(AR NPV S

Viib-1-C-1 54.7
2 53.3
3 Heat a.. cieSsSUre 54.8
4 Packing 57.2
5 53.4

Average 1.7 +3

VIiIb-1-D-1 54.5
tthylene Oxidz 51.5
+ B2at and Pres- 52.3
sure Packing 51.0
56.0
Average 53,1 0

UV e U N
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-TABLE XVIII (Cont)
EXFECT OF VARIDNS ENVIRONMENTAL EXPOSURES ON THE

STRENCT® ~F DSINIORCED CANOPY RADIAL GORE SEAMS

Bias Seams

Change Cn
Specimen Seam Strength Exposure
Identification Exposure Condition {1bs/inch) (%)

ViIa-2-A-1 75.5

2 €3.5

3 Control 72.0

4 74.5

5 76.5

Average 73.4
Vila-2-B-1 71.0
2 77.0
3 Ethylene Oxide 69.5
4 75.0
5 €7.0

Average 71.9 -2

ViIib-2-C-1 71.7
Heat and Pressure 71.7
Packing 78.6
74.7
69.0

Ave:rage 73.1 0

Vb WN

Viib-2-D~i 73.0
Ethylene Oxide + 77.3
Heat and Pressure 78.5
Packing 69.0
68 .7

Average 733 0

MHBWN
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TABLE XIX
BREAKING ELONGATION OF BIAXIAL SPECIMENS OF

REINFORCED CANOPY RADIAL GORE SEAMS

Specimen Idencification Seam Direction Specimen Elc..gation (%)

Vila-1l-A-1 31.3
2 Perpendicular 30.5

3 to 28.8

4 Warp Yarns 28.7

3 32.0

aAverage 30.3

Viia-2~-A-1 58.8
2 52.9

3 Bias 56.0

4 54.5

5 60.7

Average 55.0
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Tensile Behavior and Dimensional Stability of Gap-Hem Rad:ial Joint
Specimens

Prior to envircnmental exposure, all specimens were marked with
a four inch gauge length in the center of tie hem section with the
specimen under a 5.0 ¢t 0.1 lb preload, applied by deadweight loading
as previously described for the seamed specimens. After environmental
exposure, the gauge length was measured under the same load conditions.
Tensile tests on the specimens was carried out using an Instron tensile
tester. The specimens were gripped in flat, rubber li:. ® jaws with a
10 inch separation between the jaws, and a jaw speed of 2 inches/minute
was used. The bl.:aking elongation of the control specimens was found
from the jaw positio. at rupture. Results for the breaking lnad of
the specimens exposed to various environmental conditions are shown in
Table XXI, for the breaking elocngation of the control specimens in
Table XXII, ard for the dimensional stability of the specimens in
Table XXIII.

The breaking load of the specimens was increased considerably on
exposure to ethylene oxide and to a lesser extent on exposure to
ethylene oxide plus heat and pressure packing. It is probable that
the increase in both cases is a manifestation of the relaxation of
stresses set up during sewing of the composite specimens, this permit-
ting more equal load sharing in the components of the specimens giving
a higaer total breaking load. Rupture in all cases started at the
iine of stitching in the radial jcint reinforcing tape and propagated
in a diagonal line up to the jaw, where the specimen finally ruptured.
The overall breaking ioad is reasonably close to that of the rein-
forcing tepe alone, and the overall breaking elongation is very close
to that of the tape. The hem sections of the specimens are completely
stable for all eavironmental exposures,

Tensile Behavior and Dime .ional Stability of Suspension Line-Radial
Tape Specimens

Prior to environment :l exposure each specimen was marked with a
four inch gauge length i: the center of the hem section in the same
way as was previously de.cribed for the Gap-hem Radial Joint specimens,
and the gauge length was remeasured under identical 1.ad conditions
after exposure. Tensile tests were carried out using an Instron
tensile tester. The radial tape was gripped in the top jaw of the
Inetron in flat rubber-lined jaws; the suspension line was wrapped
2 1/2 turns around a 2 inch diamneter capstan jaw with the center of
the ja. 16 inches from the front edge of tne top jaw. A jaw speed of
2 inches per minute was used, A 9 inch gauge length was marked on
the tape of the control specimens with the speci.:ens just taut and
a photograph was taken. The specimen was then extended, and as the
breakina load was approached, a further sequence of photographs was
taken., The breaking elongation was found from measurements on the
projected image cf the film record; the nomenclature of Figure 3 was
nsed in this calculation. Results for the breakinc load of the speci-
mens exposed to various environmental conditions are shown in Table
XXI1v, for the breaking elongation of the control specymen i1n Table
XXV, and ior the dimersional stability cf the specimen in Table XXVI,
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TABLE XXI
EFFECT CF VARIOUS ENVIRONMENTAL EXPOSURES ON THE

STRENGTH OF GAP-HEM RADIAL JOINT SPECIMENS

Change On
Specimen Exposure Breaking Lcad xposure
Identification Conditions (lbs) (%)
VIII-A-~-1 570 J,S8
2 585 J,S
3 Control 542 J,8
4 550 J,8
5 570 J,S
Average L %]
VIII-B~1 607 J,S
2 Ethylene $92 J,S
3 Oxide €05 J,8
4 600 J,S
5 598 J,S
Average [-£:]1] +7
VIIiI-D-1 Ethylene 586 J,S
2 Oxide + 598 J,S
3 Heat and 563 J,S
4 Presgure 620 J,S
5 Packing 543 J,S
Average 128 +3

J,5 Jaw Break; rapture initiated at stitching
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TABLE XXII
RREAKING ELONGATION OF CONTROL SPECIMENS OF

GAP-HEM RADIAL JOINTS

Breaking Elongation

Specimen Identification Exposure Condition (%)
2 42.2
3 Control 40.9
4 41.0
5 40.2

Averaga 0.9
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TABLE XXIIIX
EFFECT OF VARIOUS EXPERIMENTAL EXPOSURES ON THE
DIMENSIONAL STABILITY OF GAP-HEM

RADIAL JOINT SPECIMEN

Change On
Specimen Measured Gauge Exposure
Identification Exposure Condition Length (inches) (%)
VIII-A-1l 4.00
2 4.00
3 Control 4.00
4 4.00
5 4.00
Average T.00
VIII-B-1 4.04
2 4.04
3 Ethylene Oxide 4.04
4 4,05
) 4.00
Average {.03 +1
VIII-D-1 4.00
3 Ethylene Oxide 4.00
3 + Heat and Pres- 4.09
¢ sure Packing 4.00
5 4.00

Average .0 +1
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TABLE XXIV
EFFECT OF VARIOUS ENVIPONMENTAL EXPOSURES ON THE
BREAKING LOAD O! SUSPENSION LINE

RADIAL TAPE SPECIMENS

Change On
Specimen Breaking Load Exposure
identification Exposure Condition (lbs) (%)

IX~-A-1 618 L

N & WY

J,S

Control 597 J.S
J,S
L

Average v97

IX-B-1 J,S
2 610 L
3 Ethylene Oxide 608 J,S
4 L
5 J.S

Average L1:1: 7 -1

I1X-D-1 57% J,
Ethylene Oxide 5%2 J,
+ Heat and Pres- 598 C

sure Packing 60S C

[T W™ a N

Average e -3

Y, 5§ Jaw Break: rupture iniciated at stitching
L Proke at loop
C Center of specimen
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TABLE XXV

BREAKING ELONGATION OF CONTROL SUSPENSION LINE

RADIAL TAPE SPECIMENS

Specimen Identification

IX-A-1

NndHwN

Average

1l Measured on film reader

Lgl Lrl Breaking Elongation (%)
5.86 7.94 35.5
5.90 7.90 33.9
5.90 7.50 27.1
5.85 7.75 32.5
5.82 7.70 32.2
323
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TABLE XXVI
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON TIHE
DIMENSIONAL STABILITY OF SUSPENSION LINE

RADIAL TAPE SPECIMENS

Change On
Lpecimen Gauge Length Exposure
Identification Exposure Condition {:as) (%)

IX-A-1 4.00

2 4.00

3 Control 4.00

4 4.00

5 4.00
Average 3.00

1X-B-1 4.00

2 4.05

3 Ethylene Oxide 4.00

4 4.04

5 4.02

Average 1.02 0

IX-D-1 4.00

2 Ethylene Cride 3.93

3 + Heat and Pres- 4.00

4 sure Packing 4.00

5 4.00

Average 3.99 0



The breaking load of the Suspension Line - Radial Tape Specimens
is very similavr to the breaking lcad of the Gap-hem Radial Joaint
Specimens, though for the former specimens. the breaking lcad decreases
slightly on exposure to the varigus environments. -The specimens
sometimes broke at the jaw, after runture was inititated at the
stitching in the center cf the specimen, sometimes at the loop, and
in the case of the conditicvn D specimens, in the center of the gauge
length. Clearly all the components of the specimen are approximately
equal in strength, and the particular point cof br=ak is established.
by specimen to specimen variation in manufacture. The measured break=-
ing elongation of these specimens is somewhat less than that of the
Gap-hem Radial Joint specimens, thouch some of this difference may be
attributed to the different methods of measuring bre xing elongatlon
for the two sets of specimens. The dimension of the hem section of
the specimens are unchanged by the various env1rcnmental exp csures.

Tensile Behavior and Dlmeﬂslonal Stabl‘lbggo: RISEI Webblng

The fabricated loopea wekb” 11g.spe“1mens were mcunted in stirrup-
type fixtures attached to the upper and iower jaws of the tester; the
load hearing ‘members of the: ‘stirrvps- vere finished to a radius of
'1/4 inch. The dlmenSLOnai stability of the webbing after variocus
eav1renmenua! exposures was founa from measurements on 3 four I-ch
gauge length marked under a 75 +7°5  1Ib preload ané the breaking ex-
tension was found 1 using the photograph*c techniqre previously des-
cribed. Results for the brsaking loads for the webbings exposed to
various environmental conditions are shown in Table XXVII, for the
breaking elongation of the control webblngs in: *able XXVIII, ard for
the dlmenSLOnal stabalitv 1n “_ble XXIX._ ; : :

‘Thé tensile rnptL*e load: of the webblpg is 1ncreased~sllghtly on
exposure to ethylene oxlga\and decreased conszderablv on subsequent
exposures to the-heat cycie:  .The degrease in strenath is associated
with a considerable shrinkage: ‘These changes are the greatest of
any found in the investigation,-and resuit from the use of unstabilized
Dacron in the riser. The measured breaking elongation is rather lower
than wcuid be expected for_a webbing of this type, but the rupture
process in the specimens starts prematurely.at_the stitchinc of the
loops, and the measured breaking load and elongation are not nec-
essarlly representative of the material tested by usual methods,
using capstan jaws; it is not possible to separate the effects of
the environmental exposures on the webbing material and. on the
fabrication process by means of the present test.



TABLE XXVII
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE

BREAKING LOAD OF WEBBING

Change On
Specimen Breakirg Load Exposure
Identification Exposure Condition (1bs) (%)

6400

6500

Control 6700

6300

6600

Average 6500

X-A-

Ut e (3N

X-B-1 6700
2 6500
3 Ethylene Oxide 6700
4 €700
5 6700
Average 6660 +2

X-D-1 5570
2 Ethylene Oxide 5420
3 + Heat Only. No 5570
4 Pressure Packing 5100
5 5120
Lverage 5360 -17
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TABLE XXVIII

BREAKING ELONGATION OF CONTROL SPECIMENS OF WEBBINGS

Specimen 1 1 Breaking Elongation
Identification Exposure Condition L. L, (%)
X-a-1 | 8.75 10.00 14.3
22 - - -
3 Control 8.80 10.00 13.6
4 8.60 10.00 - 16.3
5 8.60 9.860 14.0
Average 14.6

-

-~ lleasured on film reader .
2 Film record unreadable; average breaking €longaticn measured on
Instron chart very close to average of all specimeas.
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TABLE XXIX
EFFECT OF VARIOUS ENVIRONMENTAL EXPOSURES ON THE

DIMENSIONAL STABILITY OF WEBBING

Change On
Specimen Measured Gauge Exposure
Identification Exposure Condition Length (inches) ()

X-a-1 4.00
4.00

Control 4.00

4.00

4.00

Average 4.00

nNkxWwN

X-B-1 4.05
2 4.10
3 Ethylene Oxide 4.05
4 4.00
S 4.05

Average 4.05 +1

X-D~-1 - 3.72
Ethylene Oxide 3.84
+ Heat Only. No 3.78
Pressure Packing 3.80

Nab W

Average 3.79 -5
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CONCLUSICNS

With the exception of the riser webbing, the components and
fabricated samples of the various assemblies are dimensionally stable
within a very small range for all the exposure conditions. The
canopy fabric 1is stable within 1% under small uniaxial lonads, within
4% under high biaxial load conditions, and within 2% when seamed,
either perpendicular to the warp yarns, or on the bias. The braid
is stable within 2%, and the reinforcing tape, either alone or in -
conjunction with canopy fabirc seams, is stable within 1% in the
warp direction. In the filling directicon the tape is much less
stable, showing a range from 5% shrinkage to 8% extension; however,
since the tape is essentially a warp structure, these changes
are of small importance. The riser webbing, however, which is
also a predominately warp way structure, shows a significant 5%
shrinkage in the warp direction on exposure to heat cycling, proba-
bly as a consequence of the lack of heat-setti .

The mechanical behavior of the various components are, 1in
general, affected only to a small degree by the environmental con-
ditions. A significant strength reduction was found for only single
specimens of the canopy fabric and the reinforcing tape, and the
braid was completely unaffected. The air permeability of the canopy
fabric shows changes of ugp to 5%, reflecting the small dimensional
changes under biaxial load. The only marked change in the mechanical
behavior of components were found for the riser webbing, which shows
a 17% loss of strength after Ethylene Oxide exposure and Heat Cycling,
ané for the grab strength of bias specimens of canopy fabric, which
showed a 22% increase. The former is attributable to the lack of
heat setting of the riser webking, and the latter is a consequence
of the reclaxation of inter yarn forsces and a reduction in shear
resistance of the fabric.

The fabricated components showed a varied response in thear
mechanical behavicr. The strength of French fell and tape rein-
forced seams were either slightly increased (seams perpendicular
to warp yarns), or were essentially unchanged (bias seams). The
strength of the gap-hem radial joint specimens was increased 3-7%
while that of the suspension line-radial tape specimens was decreased
slightly. All the small increases in strength are tentatively
ascribed to the stress relaxing effect of the elevated temperature
exposure common to all the environments, which reduces stress
concentrations in the composite specimens; the results for the sus-
pension line-radial tape samples are complicated by the various
failure modes shown by the individual specimens.

In summary, the heat-set Dacron components show no significant
loss of stability or deterioration in mechanical properties on ex-
posure to the sterilization environment, and the performance of
certain assemblies may even be enhanced. The riser webbing is evi-
dently not heat-set and shrinks and is degraded by the heat cycle;
in order to attain the standards cof stablility and per-formance 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
Test Specimens
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