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FOREWORD

This report was prepared by Fabric Research Laboratories, Inc, urder
USAF Contract No. AF 33(616)-6738. The contract was initiated under Project
No. 7320 "Fibrous Materials for Decelerators and Structures®, Task No. 73203,
*Fibrous Structural Materials™, The work was administered under the direc-
tion of the Nonmetallic Materials Laboratory, Materials Central, Directorate
of Advanced Systems Technology, Aeronautical Systems Division, with Miss
Joyce MeGrath acting as project engineer.

This report covers work conducted from August 1959 to February 1961.

Included among those who cooperated with the author, N. J. Abbott, in
the research and preparation of the report were Mr. M. J. Coplan, Assistant
Director, Mr. W. D. Higgins, Senior Research Associate, and Mr. R. Desai,
Intermediate Research Associate, all of Fabric Research laboratories, Ine.

The unnemed orgenic fiber referenced in this report may now be referred
to as HT-l. Released by the E. I. duPont de Nemours and Compeny on 3 May 1961.
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ABSTRACT

The degradation of some nylon parachute materials, as well as similar
materisls made from Dacron, glass, an unnamed organic fiber, and stsinless
stesl, when subjected to varying conditions of temperature, pressure, and
time was studied. Temperatures up to 1000°F, pressures up to 250 p.s.i.,
and times up to 72 hours were used, but because of the degradation proper-
ties of the nylon materisls most of the exposures were carried out at 350°F.

The amount of degradatlon for most of the materials was found to be
consistent with that reported by other authors who did not study the influ-
ence of pressure, Pressure was less important than temperature or time,
but it did tend to decrease degradation somewhat because of the reduction
in the amount of oxygen contalned within the structure. The increased re-
sistance to degradation of Type 700 nylon was apparent in the results, al-
though it had not been known in advance that any of the materials had been
made from anything other than Type 300 nylon. The improved resistance to
degradation of Dacron as compared to nylon is well known. Glass fabrics
retained most of their strength up to 500°F, and the unnamed organic fiber
up to 600°F (although at 650°F it was badly degraded). Stainless steel
showed 1little chaage after being exposed to 1000°F for 72 hours.

A11 of the materials, with the exception of the unnamed organiec fiber
and steel, showed marked stiffening at 350°F, due primarily to inter-fiber
sticking, This seemed in some rospects to be a more serious fault than any
tensile degradation which might occur, for it could easily prevent success-
ful deployment of a parachute. Thls fact was made very obvious by examining
a parachute which had been pressure-packed and heated in an oven. The stif-
fening and setting in the folded configuration which the parachute had
assumed in the deployment bag made it very doubiful that successful deploy-
ment could have been achieved.

PUBLICATION REVIEW

This report has been reviewed and is approved.

P A

C. A. WILLIS

Chief, Fibrous Materials Branch
Nommetallic Materials Laborstory
Materials Central
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I. INTRODUCTION

The traditional need in air-borne components of any sort for maximum
performance at minimum weight is well known. Recent advances in high speed
vehicles and special weapons systems has introduced new requirements, par-
ticularly with respect to reduced volume and resistance to elevated tem-
perature., The necessity for keeping the volume of the packed parachute to
a minimum has led to the use of pressure packing, utilizing hydraulic presses
to achieve pressures as high as 250 p.s.i. on the folded assembly. Para-
chutes may often be stored in this condition aboard vehicles where they will
be subjected to temperatures considerably above ambient for extended periods
of time.

The effect on parachute materials of exposure in a%r to elevated tem-
peratu{e for prolonged times has been studled by Coplan 1), by Kaswell and
Coplan 2), and by Mase{3). A1l of these studies showed that the specimens were
degraded when hung in an eir filled oven, The first was concerned with
yarns, the second with sewing thread and fabriec; and the third with parachute
materials, The results from the three investigations are substantially in
agreement. The investigation carried out under the present contract was
designed to give information primarily about the influence of another para-
meter, packing pressure, on the temperature-time-degradation behavior of
materisls currently in use in parachutes, as well as a few materials not now
being used, but of interest because of their potential resistance to the
effects of elevated temperature.

The effect of packing press?r§ on the volume of a parachute pack was
investigated by M. Steinthal Co.l4). By applying pressures up to 200 p.s.i.
they were able to reduce the volume of the pack by about 50%, and achleve
packing factors (i.e., the ratic of fiber volume of total pack volume) as
high as about 0.5, No measurements of the effect of this packing on the
mechanical properties of the components was made; nor was any exposure to
elevated temperature made.

Phase I of the study described in the present report was concerned
solely with typical parachute materials in the form of fabric, ribbon or
webbing., HNeo effect of heterogeneous packing was introduced. Pressures up
to 250 p.s.i. were employed, temperatures up to 1000°F, and times of expo-
sure up to 72 hours. Phase II of the study was concerned with two types of
parachutes, pressure-packed to about 250 p.s.i., and exposed to a temperature
of 350°F for 6 hours.

Manuscript released by author Februarj 1961 for publication as a WADD
Technical Report.
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II. MATERIALS STUDIED

The materlals studied included four standard nylon parachute cloths,
six nylon ribbens, and three nylon webbings. In addition, three fabrics
and one ribbon made of Dacron were obtained, the ribbon and fabric woven to
conform to nylen specificetionsy Two glass fabrics were included, one
weighing 9 oz/yd2, the other 19 o0z/yd2. One metal fabric was also tested,
namely a 320 mesh stainless steel made of 3 mil wire, Finslly, one fabrie
wag included made of an unnamed organic fiber. Further specifications of
these materlials are given in Table 1.

Al) of these materials were sald to be in the unfinished, undyed state
with the exception of the nylon webbing MIL-W-4088C, Type X, which was dyed,
but otherwise unfinished. The glass fabrics, of course, carried a finish
typical of all glass fabrics for applications requiring resistance to flex-
ing and abrasion.

It was assumed initially that all the nylon materials were made from
Type 300 nylon. Results indicated, however, that the MIL-W-4088C, Type X
and MIL-W-4088C, Type XX webbings must have been made from either Type 700
nylon or Chemstrand RHB nylon. Moreover, the assumption that =21l materials
were unfinished appeared not to apply to the ribbons, whose behavior indi-
cated the presence of some finish,

All the nylon materials were obtained from the stocks of the Pioneer
Parachute Company, with the exception of the two ribbons MIL-T-5608%,
Class E, Types V and VI, which were specially woven by the Narricot Corpora-
tion. The glass fabrics were obtained from the J. P. Stevens Co.; the metal
fabric was available through another project; the unnamed organic fiber fab-
ric* and the Dacron fabric MIL-C-8021B, Type III, were supplied by ASD;
and the remaining Dacron materials were available at FRIL.

In addition to these materials, four nylon parachutes were provided
by 4ASD for use in Phase II of the program. These were manufactured by
M. Steinthal Co., and consisted of two 12-foot ribbon parachutes, and two
6-foot guide-surface parachutes.

IIT. EXPOSURE CONDITIONS AND TESTING

Pressures were applied to the materlals while they were contained in
steel compression boxes, described in Appendix I. Three pressure levels
were used: “zero™, which was actuslly about 0.5 p.s.i., and was the lowest
pressure possible with the apparatus as designed, 50 p.s.i. and 250 p.s.i.,
the maximum pressure level called for in the contract. The compression
boxes were electrically heated, so that temperatures of up to 1000°F could
be obtained while the samples were held in the compressed condition, Times

* The unnamed organic fiber will be designated throughout this report by
the letters U.0.F.
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up to 72 hours were employed when the resistance of the specimen to degrada-
tion warranted such a long exposure,

All specimens were exposed to a common set of conditions, selected be-
cause the?e werg sufficient to cause considerable degradation in the nylon
materialslls2,3), These were a temparature of 350°F for 6 hours, at pres-
sure levels of 0, 50 and 250 p.s.i.; and at the same temperature for 2 hours
at 250 p.s.,1i. Other exposure conditions were included only when the char-
acterlistics of any individual material made them of some practical interest.
Longer exposure times were used, for example, for those specimens containing
heat resistant nylon, the unnsmed organiec fiber, or Dacron; and higher tem-
peratures for Dacron, glass, U.0.F., and metal. Unless otherwise specified,
all tests were made in the warp direction of the material. It was assumed
that the behavier in the filling direction would be comparable to that in
the warp direction,

Most of the informstion needed was obteined from tensile tests, which
showed the effect of exposure on breaking strength, breaking elongation,
and energy to rupture., It 1s clear that when the strength, for example,
drops below some critical valus, the material is no longer serviceable. How-
ever, failure after deployment due to excesslive degradation would be no more
serious than fallure to deploy due to the effects of sticking, In general,
these effects were detectable at temperatures or times of exposure not suffi-
clent to cause exceasive strength degradation; for this reason the extent of
sticking was examined in some detail.

Two types of sticking were evidenced, either of which might be trouble-
some. The first of these was the sticking which occurred between layers of
specimens as they were plled up in the heated compression box. A quanti-
tative measure of the severity of inter-layer sticking was obtained by meas-
uring the force required to pull the specimens apert. The specific technique
is described in Appendix II-3.

The other type of sticking was that which occurred between individual
fibers within the structure of any one specimen. This has the effect of
stiffening the specimen in a way which has been discussed by Abbott, Coplan
and Platt%5). They have shown that one of the important factors which deter-
mines the stiffness of a woven material is the degree of assoclation which
exists between fibers within the yarns in the structure. This 1s expressed
quantitatively as a "degree of clustering®. 1In this concept, the fibers
within the structure are visualized as acting as if they were adhering to
one another in clusters such that no inter-fiber movement is possible within
the cluster, but that complete freedom of movement exists between clusters.
The average number of fibers contained in a cluster, through any cross-
section of the yarn, is called the degree of clustering, n. The authors
show that the rigidity of the structure will be related to the rigidity of
an individual fiber in proportion to the factor %, where P is the packing

factor of the fibers in the cluster., Since P varies only over a narrow
range with the size of the cluster, it can be assumed that the flexural
rigidity of the material is roughly proportional to the average number of
fibers in a cluster.

WADD TR 60-588 3



The degree of clustering depends upon the specific construction of
the yarn and the fabric, and may also increase with increasing relstive
humidity. But it is clear that a major influence would be the extent to
which fibers are caused to stick to one another because of exposure to
elevated temperatures. Conversely, it can be seen that a measure of flex-
ural rigidity, or rather of the change in flexural rigidity brought about
by the application of heat and pressure for some time, is = good measure
of the extent to which inter-fiber sticking has occurred. It should also
be pointed out that any effect of heat on the bending modulus of the fiber
will also be reflected in the change of flexural rigidity of the structure.
It is believed, however, that this i1s a less consequential factor than the
influence of inter~fiber adhesion. Measurements of stiffness before and
after exposure were carried out, therefore, using a cantilever test, as
deseribed in Appendix II-4.

111 of the experimental results were obtained by testing samples of
materials which were compressed together in a manner which was highly
idealized relative to the configurations which the materisls assume in a
packed parachute. Although it did not seem possible to duplicate the
heterogeneity of a packed parachute in the small compression chambers,
three configurations were included which can be said to be typical of a
packed parachute, The first, of course, was in the simple flat state.
Another of these was a folded specimen, for which the effects of heat, pres-
sure, and time on tensile properties were studied. The third was as seamed
specimens., For this last purpose the various specimens were seamed in con-
figurations typical of those which would be used for the material in ques-
tion in normal parachute fabrication,

Pinally, in order to obtain some information on the applicability of
the experimental results to the case of a packed parachute, two types of
parachute packs were tested. These were packed in deployment bags by pack-
era at Hanscom Fisld. Two were pressure—packed in steel cylinders built
for the purpvse at pressures of about 250 p.s.i. Two others were not sub-
jected to compression. They were then heated in an oven at 380°F for 12
hours, cooled to room temperature, unpacked, and examined to determine the
extent of the damage.

IV. EXPERIMENTAL RESULTS
1., Compressibility of Cold Materials

The effect of compressing a mass of textile material is essentially
a "aqueezing out™ of the alr contained within the structure, so that the
minimum volume, or the meximum density, which one could expect to achleve
would be that of the fibrous material. Volume compression of the fibers
themselves is negligible at pressures up to 250 p.s.i. Thus the most in-
formative way of characterizing the degree of compression is through the
"packing factor®™, which is the ratio of the volume of fiber substance to
the over-all volume of the structure. ({Estimates of the effect of pressure

on packing factor require, therefore, that measurements of volume at known
pressures be made.)
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The compression boxes were designed to accommodate s pile of ten or
more specimens. Thej consisted of a heavy steel rectangular open-~ended
trough of length 8 inches and width the seme as that of the specimen to be
compressed. The trough was closed at the top by a vertically movable but
snugly-fitting platen to which load could be applied. After the desired
pressure had been reached, the platen could be held stationary by insert-
ing four screws which, when properly tightened, held the material at con-
stant volume for heating,*

The chamber containing a pile of specimens was mounted in a compression
cage designed for use with an Instron tester, having a maximum capacity of
10,000 pounds. Since the deflections to be measured were very small, ade-
quate accuracy was obtained by mounting dial gauges on either end of the
compression chamber to measure the vertical movement of the platen relative
to the trough. During compression these two gauges were read at specific
load intervals. Since their readings were never greatly different, they
were averaged to obtain a mean compression over the full &-inch specimen
length.

Detailed measurements of compressibility were made only on three mater-
ials - one fabric, one ribbon, and one webbing., It was felt that these
would give values of packing factor which would adequately represent the
behavior of all the materials. The curves obtained are shown in Figure 1.
The initial packing factors for the materials were about 0./ for the fabric,
0.5 for the ribbon, and 0,65 for the webbing, The reason for the difference
is related to the construction of these materials. Webbing, and to a lesser
extent ribbon, has a predominantly unidirectional construction, in which a
large proportion of the total mass is in the warp yarns. Thus these mater-
ials approach more closely the ideal optimum packing of an array of parallel
¢ylinders (about 0.9), than the fabrie, which has its mass distributed much
more evenly between warp and filling. Compression has a bigger effect on the
fabric packing factor than on the webbing, as might be anticipated. At 250
pes.l., the packing factor of the webbing and ribbon was about 0.7, that of
the fabric about 0.6.

It was assumed that the curves of Figure 1 would be representative of
the bshavior of all the nylon materials. Since other materials were in-
cluded in the program, sample compression curves were obtained for some of
them also. These are plotted for Dacron, U.0.F, and glass in Figure 2.

These curves were obtained using a continuously increasing load in the
menner of a typical load deflection test. This resulted from moving the
Instron crosshead at a speed of 0.02 inches per minute. The influence of
rate of compression on the compressibility of 5 layers of webbing is indi-
cated in Pigure 3. The three curves plotted here were obtained at strain
rates differing by as much as a factor of 10, It can be seen that over
this range of strain rates, the effect upon the packing factor achieved at
any pressure is very small. Up to a pressure of 250 p.s.i. it can be taken

¥ These chambers are described in more detail in Appendix I.
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as being completely negligible,

Another packing variable which might influence the packing factor
achieved at any pressure is the number of layers of material being com-
pressed. The effect of changing the number of layers of webbing MIL-W-
4088C, Type XIX, is shown in Pigure 4. Compression curves were plotted
up to a pressure of 750 p.s.i, for 1, 5 and 10 layers of webbing. No
difference in the curves is apparent until pressures in excess of about
400 p.s.i. have been reached, and even at 750 p.s.i. the difference be-
tween the packing factors is small. Over the range of pressures to be
used in this work it can be assumed that the relationship between packing
factor and pressure is not significantly dependent upon the number of lay-
ers of material used.

The calculation of packing factor has assumed that the change in vol-
ume of the compressed material is dependent only upon the change in thick-
ness of the pile. This would be true only if the cross-sectlonal area
remained unchanged. The width of the assembly is defined by the width of
the compression chamber. However, since the chamber is open-ended, there
existed the possibility that lengthwise spreading introduced an appreciable
error. This was checked by carrying out a few compresaion tests in a
closed chamber, which was 1" x 2" in cross section. These are compared to
compression tests of 1% x 2" specimens in an open-ended chamber, and to
those of 2% x 6" specimens in an open-ended chamber. Reducing the cross-
section from that used in the other tests (by a factor of 6) would be
expected to exaggerate any influence of lack of end restraint. The results
are plotted in Figure 5. These experiments were carried out using 10 lay-
ers of ribbon., The differences between the curves is very small, probably
ne more than can be accounted for by the experimental error of determlna-
tion of the packing factors and the reproducibility obtainable. It is
interesting to note that when the small specimens were subjected to a pres-
sure of about 3500 p.s.i., the "undeformed™ maximum packing factor of G.9
was reached,

Since textile materials exhibit viscoelastic behavior, 1t seemed desir-
able to investigate briefly the effectiveness with which the packing factor
might be reduced by mechanical working. For this reason, the influence of
eyclic compression was studied, in which the load was cycled between O and
either 50 or 250 p.s.i. fifty times., The effect of this cycling on the
packing factor of the ribbon MIL-T-5608E, Class E, Type IV, is plotted in
Figure 6. Also plotted in this figure is the effect of building the load
up to a selected value, and then maintaining it at that value for some time.
The times selected were those required to carry out the fifty cycles of
loading in the previous experiment, so as to permit direct comparison.

Curve 1 represents both the change in packing factor through 50 cycles to
250 pes.i., and its change during 30 minutes holding at 250 p.s.i. Curves
2 and 3 give similar information for loading to 50 p.s.i. It can be seen
that the effect of repeated cycling after the first loading, or of time
under load, is very small, amounting at most to a change in packing factor
of less than 0.03, and that there is no important difference between the
effect of cyeling and that of maintaining a constani load. Thus these
techniques seemed to be of little Interest, and were not used in the
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remaining work., This finding is in essential agreement with that of Stein-
thal(4) who found that varying the rete of application of load had little
effect on the wltimate volume of a packed parachute.

Because of the zhape of all of these curves, it was decided that three
pressures would be sufficient to describe the effect of pressure on degra-
dation. The pressures selected were 0, (the weight of the platen resting
on the material, which was about 0.5 p.s.i.}, 50 p.s.i,, and 250 p.s.i.

For routine loading of the chambers, it was not necessary to use the
compression cage and the Instron tester, Because of the relative insen-
sitivity of packing factor to pressure changes over small ranges, great
accuracy of measurement was not needed. Therefore, for convenience, the
pressure levels were established by using a simple, manually operated
hydraulie press.

2. Tensile Characteriastics

The results of the tensile tests on all the materlals are summarized
in Table 2 which gives breaking strength, Table 3 which gives bresking
elongation, and Table 4 which gives the energy to rupture the specimen.
Table 5 shows rather more clearly the effect of the varlous exposurs con-
ditions by exhibiting the decrease in breaking strength expressed as a
percentage of the original strength,

It can bs seen immediately from Table 5 that even among the nylon
specimens there is considerable varisbility In behavioer. In genersl the
materials group themselves into three classes: (a) those which lose 40%
or more of their strength in six hours - agll the fabrics, ribbons MIL-T-
5608E, Class E, Types II, III and IV, and webbing MIL-W-4088C, Type XX;

(b) those which lose 15 to 30% in six hours - ribbons MIL-T-5608E, Class

¢, Type V, MIL-T-5608E, Class E, Types V and VI; (c¢) those which show no
significant loss in strength in six hours - webbings MIL-W-4088C, Types

X and XIX. Because of the peculiar grouping of these materials it was
apparent that onhe could not explain these differences in terms of construc-
tional geometry. It is likely that at least two, if not three, types of
nylon are present in this group of materisls. Unfortunately, because of

the way the materials were purchased, it was not pessible te trace back

and see what kind of yarn had gone into their construction., They were

mede at a time when duPont nylon Type 300 or Type 700, or Chemstrand nylon,
Type RHB, might have been used. Technical Infoermation Bulletin X111 of E, I.
duPont de Nemours and Co. glves information about the comparative loss in
strength of Types 300 and 700 nylon when exposed for various times at 350°F,
For the relatively short exposure times with which we are concerned, there
is a very great difference in the degree of degradation. It 1s stated that
10% strength loss occurs in less than one hour for Type 300 yarn and in ten
hours for Type 700 yarn. No gimilar information for Chemstrand's Type RHB
nylon has been seen, but it is understood that it is similar to duPont's
Type 700 in behavior. To verify that the differences in degradation ob-
served were dus to the type of nylon used, and not to the construction of

WADD TR 60-588 7



the materials, single warp yarns were raveled out of each of the materials
and exposed hanging freely in an oven at 350°F for periods of 2 hours and

6 hours, The effect of these exposures on the breaking strength of the
yarns is given in Table 6., 1In this table it is clear that the nylon yarns
group themselves in exactly the same way as the fabrics have been grouped.
We can be confident, therefore, that there are two, if not three, different
kinds of nylon present in the materials being studied.

As would be anticipated, the Dacron, U.0.F., and glass materials show
very little degradation at 350°F even for 6 hours. Exposures of some of
these materials at 350°F were carried out for longer times, as shown in
Tables 2, 3 and 4. Exposures were also made at higher temperatures for
these materials and the metal fabric. The results of these tests are given
in Table 15, Since only limited quantities of the Dacron materials were
available, it was possible to do further testing only on Dacron fabric
MIL-C-8021B, Type III. Exposure at 350°F for 24 hours, and at 400°F for 6
hours still showed very little degradation. The glass fabrics were exposed
at 500°F for 6 hours, and at this temperature shcwed an eppreciable amount
of degradation. At temperatures es low as this, of course, we
are not measuring the effect of the temperature on the glass fiber itselr,
but rather on the finish which is used to minimize inter-fiber abrasion.

It is fairly certain that the strength of the fabric would decrease rapidly
as the temperature increased over 500°F due to the loss of this finish,

The fabric made of the unnamed organic fiber showed no degradation when ex~
posed for 2 hours at 500°F; only very slight degradation at 600°F for 2
hours; and severe loss of strength at 650°F and 700°F for 2 hours. The
stainless steel fabric showed an unimportant loss in strength even after

72 hours at 1000°F,

A study of the effect of packing pressure on the degree of degradation
shown in Table 5 indicates that this is only a minor factor. In general it
can be said that for all of the specimens, with the possible exception of
U.O0.F. and glass fiber, greater degradation occurred at low pressures than
al high pressures. This can be attributed directly to the fact that most
of the degradation which occurred was due to oxidation and at the high pres-
sures leas oxygen is available within the specimen and therefore less de-
gradation takes place. However, the effect is a relatively small one; for
practical considerations the important result is that the application of
pressures up to 250 p.s.i. does not have an adverse effect on the amount of
degradation which occurred at elevated temperatures.

Some typical load-elongation curves are plotted in Figures 7 to 12
inclusive., It will be seen from these that in no case is the curve ser-
iously altered by degradation, other than in the reduced breaking load.

The accompanying decrease in breaking elongation or in energy to rupture,
shown in Tables 3 and 4, reflectsprimarily this fact, and therefore provides
no additional informstion about degradation effects.

Since the degradation observed appeared to be primarily due to oxida-
tion, it seemed desirable to study briefly the effect of atmospheres other
than air. For this purpose it was not sufficient simply to immerse the
specimen in an oxygen-free atmosphere; the specimen had te be filled with
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this atmosphere, for it was the residual oxygem contained within the speci-
men which was responsible for the degradation. Ome aimple experiment which
was carried out on two nylon meterials was to saturate the specimens with
water prior to pressure packing; then, when the compressed specimens were

heated, the water still remaining in them was turned to steam, which dis- A}L

placed all or part of the air which normally would be contained in the

specimen. Results of this treatment are summarized in Table 7. Degrada- 4ﬁﬁé)5
é

tion of the specimen has been considerably reduced by the presence of the
water, although there still remsins a substantial amount.

In several materials an attempt was made to replace the air within the
specimen by nitrogen prior to pressure packing. This was done by covering
the specimens with a bell jar and reducing the pressure to about 100 mi-
crons, For about an hour the air was allowed to bleed out of the specimens,
after which time ihe bell jar and specimens were filled with nitrogen.

They were then quickly transferred to the compression chambers, compressed,
and heated to 350°F for 6 hours in a nitrogen atmosphers. The effect of
this is shown in Table 8., The decrease in degradation is similar to that
resulting from wetting the specimen. The loss in strength is significantly
less than that resulting when the specimens contained air, but degradation
has not been eliminated. Betier results might have been achieved if the 1
pressure packing could have been carried out in a nitrogen atmosphere.

3. Effect of Folding a Specimen

A study was made to determine whether the presence of a fold in a spec-
imen would have any influence on the amount of degradation which took place.
In several cases, specimens were folded in a direction at right angles to
their length. They were laid into the compression box in such a way that the
fold of any specimen abutted the fold of the previous specimen. Pairs of
folded specimens were arranged in the box so that no folds lay directly over
any other folds. In this way an attempt was made to minimize the existence
of localized high pressure areas at the fold, though it must be reslized that
to some extent these did exist,

Results are summarized in Table 9, which shows that in general the pres-
ence of a fold had no influence on the amount of degradation which took place.
Even in those cases where the folded specimen shows greater degradation than
the flat specimen, it was observed that the specimen did not break at the
fold. The reason for these instances of excessive degradation has not been
explained. Even the glass fabrica have not been damaged by folding. It can
be stated, however, that there 1s no evidence which indicates that when a
folded specimen is compressed excessive degradation will occur in the region
of the fold, ’

4. Tear Strength

The effect of compression and heating on the tear strength of the fab-
rics (with the exception of the glass fabrics) was also studied. Results
are summarized in Table 10 which gives the actual values of tear strength,
and in Table 11, which gives the percent loss in tear strength. The important
consideration here, of course, 1s whether the tear strength has been lowered
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at a different rate from the bresking strength. In Figure 13 the percent
logs in tear strength for the various specimens is plotted against the
percent loss in breaking strength for specimens which have been subjected
to the same exposure conditions, It would appear that conditions produec-
ing a relatively small loss in breaking strength have a tendency to produce
a somewhal larger logs in tear strength., However, when the degradation
becomes really appreciable there appears to be a one-to-one relationship
between the two, In general, it seems safe toc assume that any loss in tear
gstrength which is experienced is primarily due to the loss in bresking
strength of the individual yarns making up the fabric, although in early
stages of degradation reduction of the tensile rupture elongation of yarns
will cause a somewhal greater tear strength reduction than tensile strength
logses.

5. Seam Strength

Seams were sewn 1ln all of the materisls with the exception of the fab-
rics made from glass fiber and from the unnamed organic fiber. The latter
materials were not sewn because a suliable sewing thread was not available.
The seama that were used were typical of those that would be encountered
in normal parachute construction. The sewing thread used, the number of
stitches per inch, the number of rows of stitching and the type of overlap
were selected to be suitable for the particular materisl being sewn., In
the fabrics the seam was sewn parallel to the warp direction, and was the
type known as an LS¢ seam. For the webbings an overlap distance of 8 inches
was used and a 3-point seam sewn parallel to the long axis. The ribbons
were overlapped 2" and short lengths of the same ribbon were sewn at right
angles to the axis of the ribbon over and under the overlapped portion,
Eight rows of stitching were sewn through the 4-layer sandwich. In the case
of the Dacron materials, a Dacron sewing thread was used.

The specimens were loaded into the compression box in such a way that
no two seams lay directly on top of one another. The total load uged in
compressing the specimens was calculated to give the desired pressure basged
on the total area of seam in the box.

Standard tensile tests could be used for the ribbon and webbing seamed
specimens, but for the fabric seams a modification had to be introduced.
The teig used for the seamed fabrics was essentially that described by
Coplan ) The specimens were cut 4™ wide by 10" long with the seam run-
ning esoross the center. To insert the specimen into a 2" wide compression
box, each edge of the specimen was folded into the center, resulting in a
folded specimen 2" wide. After compression and heating, slits were cut
from each side of the specimen parallel to and adjacent to both sides of
the seam, leaving a 2" width of fabric intact abutting the seam. The fab-
ric was gripped by 3" jaws with their facing edges aligned with the slits
and 1/4% away from them. Thus a 2" length of seam was at right angles to
the direction of applied tension.

An examination of the results in Table 12 will show that. in every case
the strength of the seam was determined by the load at which the sewing thread
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broke, and that this sewing thread became degraded at about the same rate
ag the fabric had become degraded In an unseamed specimen. There is no
evidence from these results that the presence of a seam alters in any way
the way in which the assembly degrades.

6. Inter-Layer Sticking

The method used to measure inter-layer sticking is described in
Appendix II.3, No apprecisble amount of inter-layer sticking was found for
any of the conditions of temperature or pressure used for the fabric or
the webbings. The ribbena, however, all showed some evidence of sticking.
The results for the ribbons are summarized in Table 13.

Since there is presumably no difference between the nylon used in the
ribbons and that in the fabrics, it must be assumed that the presence of
sticking in the ribbons is a result of some finish which remains on the
material., Specific identification of this finish has not been made., It
will be seen, however, that in some cases it can resuli in very serious
inter-layer sticking. It can be seen, also, that specimens which have be-
come more degraded as a result of longer exposure at low pressure show less
sticking than those which have evidenced less degradation because of a
shorter time of exposure, or of higher packing pressure, This fact was
further verified by taking some of the materiaml which showed considerable
sticking and subjecting it to some oxidative degradation in an oven before
inserting the specimens in the compression chamber and carrylng out a
standard exposure and sticking test, This preliminary degradation com-
pletely eliminated the inter-layer sticking. This lack of sticking mey
not be assoclated simply with the degradation of the nylon, but rather
with the removal or modification of the finish during the pre~heating
treatment. An attempt was made to check the effect of the finish by re-
moving it with a solvent scour. This, however, produced inconclusive re-
sults. In some instancea the sticking force was reduced; in others it was
actually increased, However, 1t appears that the inter-layer sticking
which is evidenced in the ribbons 1s assoclated with the finish which they
CArTY.

7. Stiffening: Inter-Flber Sticking

Specimen stiffening due to exposure to heat and pressure was deter-
mined, using the technique described in Appendix II-4. The relationship
between atiffening of the materisls and the extent of inter-fiber stick-
ing has been discussed in a previous section of this report. The results
of the measurements are expressed in terms of flexural rigidity and are
summarized in Table 14. In the case of the nylon msterials, flexural rig-
idity has been raised by heating by factors ranging from about 2 to more
than 100. Generally it can be seen that even the relatively short two-
hour exposure at 350°F under a pressure of 250 p.s.i. is sufficient to
cause a marked increase in specimen stiffness., This increase appears to
be greatest for the ribbons and webbings, and also for fabric MIL-C-8021B,
Type ITI. Increasing the duration of the exposure to 6 hours at 350°F :
under 250 p.s.l. does not appear to have a uniform effect on all of the
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specimens. In many cases the rigidity is increased still further, but in
some cases it is reduced somewhat. Increasing the temperature to 450°F,
still at a preasure of 250 p.s.i., generally effects a very marked increase
in rigidity, even for a very short exposure time. The effect of pressure
can be seen, either for the 6 hour exposures at 350°F, or for the zero time
exposures at 450°F. With few exceptions, decreasing the pressure decreases
considerably the degree of stiffening which takes place., This 13 exactly

as might be antiecipated, for it is reasonable that when the intimacy of con-
tact betwsen the flbers is inereased by inereasing the pressure, the extent
te which inter-fiber sticking takes place is also increased.

The effect of temperature, time, and pressure on the stiffening of
Dacron fabrics is approximately the same as that experienced in nylon fab-
rics. The amount of stiffening which is experienced in the glass fabries
under any given exposure conditions is also about the same, almost certainly
due to reaction of the surface finish. The only material tested which
showed no appreclable stiffening at 350°F, and only a relatively small in-
crease in stiffness at 450°F, 1s the unnamed organic fiber. This only be-~
cams significantly stiffer at temperatures over 500°F,

The speecific relationship between stiffness and ease of deployment of
the parachute is not known. It seems likely, however, that deployability
of a parachute will be affected by the stiffness of iis components, and
that there must be some maximum of stiffness beyond which the parachute
would not deploy in a satisfactory manner. It would appear, therefore,
that the observed influence of temperature and pressure on the stiffness
of these parachute materials must be viewed seriously. In fact, because
of the fairly marked increase in stiffness which occurs at relatively low
temperatures and short times of exposure, it would seem that under some cir-
cumstances this factor may be even more important than the amount of degrada-
tion which may have taken place. It is important to note that even Dacron
and glass, which showed relatively minor degradation at 350°F, might prove
to be unacceptable as parachute materials for pressure-packed parachutes
because of the inter-fiber sticking which might occur. It would appear that
the unnamed organic fiber materisl has a marked superiority over any other
material tested, with the exception of the metal, because of its very good
resistance to degradation and the comparative lack of inter-fiber sticking

which eoccurs.

The effect of wetting out the material prior to compression and heating
was Investigated on fabric MIL-C-8021B, Type II. This was treated at 350°F
for 6 hours under 250 p.s.i. pressure. The presence of water did not have
a large effect on the stiffening of the material. It did seem to reduce
the stiffening approximately to the walue which was obtained at szero p.s.i.,
namely 20 gm-cm?., This would not, however, seem to be a means of eliminat-
ing inter-fiber sticking.

The effect of filling the specimens with nitrogen was also investigated.
In three out of the five cases the stiffness of the specimen was increased,
which is consistent with the previous observation that degradation tends to
decrease inter-fiber adhesion; or conversely, that less degrasdation as a re-
sult of the nitrogen atmosphere increases inter-fiber adhesion. In the
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remaining two cases the stiffness was apparently somewhst reduced. It can
be concluded that insofar as heat-stiffening is concerned a nitregen atmos-
phere is likely to have an adverse effect, because at least some of the
components of the parachute may be stiffened even more than in a normal
atmosphere.

V. PRESSURE PACKED PARACHUTES

The two types of parachutes studied in this program were & 6-foot guide
surface parachute and a 12-foot ribbon parachute. These were packed, using
normal parachute packing methods, in deployment bags of a sultable size.
These were not the deployment bags which were originally provided by 43D
with the parachutes, but they were bags into which the parachutes fitted
snugly. One parachute of each type was packed by professional packers at
L. C. Hanscom Fleld, Bedford, Mass,

Steel cylinders were made up to contain the packed parachute for pres-
sure packing, These are pictured in Figure 14. The cylinder for the large
parachute was 18" in diameter and 18" high; that for the small parachute
was 9% in diameter and about 12" high. The walls of the cylinder were 1/8*
steel plate; the ends were 1/2' Dural held together with tie rods. A 1~
thick Dural plate rested on top of the parachute pack inside the cylimder,
and could be pushed down by inserting the ram of a hydraulic press through
a hole in the center of the top plate. When the desired amount of compres-
sion had been achieved the piston was held in position by tightening down
bolts which were threaded through the top plate.

Figures given in the Steinthal reports{4) indicate that they were able
to achieve packing factors in the range of 0.4 to 0.5 in a pressure packed
parachute. It was decided, therefore, to compress these twe parachutes to
packing factors in that range. The degree of compression achieved is indi-
cated by comparing the depth of the piston on which the rule is sitting, as
shown in Figures 1/ and 15. For both parachutes the compressed volume was
approximately two-thirds the initial volume. This resulted in a packing
factor of 0.46 for the small parachute and 0.52 for the large parachute.
The pressures required to achieve this degree of compression were not spec-
ifically recorded, but they were of the order of 200 to 230 p+s.i.

The parachutes were packed in the afternoon and allowed to sit over-
night. The following morning the steel cylinders containing the packed
parachutes were placed in a recirculating hot air oven which was operating
at 380°F. They remained in the oven for 12 hours and then the heat was
turned off and the doors opened. About 80 hours later the cylinders were
opened up and the parachutes removed. At this time there was no residual
pressure on the packed parachute other than the weight of the top Dural
plate although its volume, of course, had not changed from that correspond—
ing to a packing factor of about 0.5. When the parachutes were removed
from the cylinders their appearance was as 1llustrated in Figure 16. There
was no evidence of any dimensional recovery.
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During the exposure the temperature at various locations within the
packed parachute was measuwred by means of thermocouples, Three thermo-
couples were inserted by drilling holes into each of the eylinders. The
large parachute pack contained one thermocouple sxtendl " in from the
outside edge near the top of the pack, one extending 7-1/2" in at the
middle of the pack and one extending 5™ in near the bottom of the pack.
These can be seen in Figure 15. In the small parachute the thermocouple
near the top of the pack extended 3™ in from the outside edge; the one in
the middle 2-1/2" in; and the one near the bottom 1" in. The curves rep-
resenting the temperature at each of these locations over a A8-hour period
are plotted in Figure 17. It took the small parachute 12 hours to reach a
uniform temperature equal to that of the oven. The large parachute did not
reach this uniform temperature even after the 12-hour heating period. The
outermost thermocouple indicated that probably only the ocuter 2 or 3 inches
reached the oven temperature. Cooling took place even more slowly. The
small parachute was back down to room temperature after a cooling period
of something over 30 hours. The outer 3" of the large parachute also
reached room temperature in about the same length of time. However, even
after 36 hours of cooling the innermost thermocouple in the large parachute,
which was 1—1/2" away from the center of the pack, was still reading sbout
10° above room temperature.

These curves illustrate very clearly that the results obtained in the
idealized exposure in the compression chambers cannot be interpreted dirsctly
into the effect of similar exposures on a packed parachute. Obviously the
influence of time is going to be quite different and will depend to a marked
degree on the size and shape of the parachute pack. Moreover, if the packed
parachute is exposed to cyclic heating, as ias likely to be the case if it is
carried in an airplane which must land periodically for re-fueling and over-
haul, it 1s clear that unless the lengths of time on the ground are very long,
repeated exposures to high temperature for a period of a few hours can result
in a gradual increase in temperature from heating cycle to heating cycle.

By making measurements of the sort described in this report on a particular
type of parachute pack, it should be possible to predict the temperatures
which will result at various points within the pack for any type of heating
and cooling histery. It is clear that this behavior will be dependent upon
the relationship between the mass of material being heated and the surface
area of the containing cylinder. The rate of heating may in some cases de-
pend upon the rate of heat transfer through the packed material, but is more
likely to be dependent upon the rate at which heat can be transferred from
the surrounding atmosphere through the walls of the cylinder.

The condition of the parachutes when unpacked was such that deployment
would have been difficult to achieve, if indeed it could have been accom-
plished at all, As would have been predicted from the results of the ideal-
ized experiments, this was not because of the degradation which had taken
place, Rather it was because of the extreme stiffening of all the components
which had taken place, and because these stiffened materials had been set by
the heat into the compact, folded configuration which they had been forced
to assume within the pack. A bight of harness which had been inserted into
a loop in the deployment bag took a pull of perhaps 100 pounds to release it.
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The remaining two parachutes were packed in deployment bags in the nor-
mal way, and, without pressure packing, were exposed to a temperature of
380°F for 12 hours in an oven as had been done for the pressure-packed para-
chutes. This was done to determine whether the use of pressure packing was
a significant factor in the effect of elevated temperature exposure on the
packed parachute. The results obtained from this exposure were unexpected,
and not completely understood. The large parachute was not greatly affected,
although undoubtedly somewhat degraded. 7Tt had not been stiffened nearly as
much as the pressure packed parachute, as would have been expected from the
previous observatlions on the effect of pressure on stiffening of small speci-
mens. The small parachute, however, was very badly degraded, even though it
was in the same oven for the same length of time. Parts of it were thor-
oughly blackened and very brittle., It is known that the degradation reaction
is an exothermic one, and sets in at about 375°F. What probably happened is
that the small parachute reached the eritical temperature, and had sufficient
oxygen avallable for this reactlon to start, and to generate still more heat,
which caused it to spread.

It must be concluded, then, that pressure packing can have a beneficial
effect by minimizing degradation by reducing available oxygen in contact with
the fibrous substance. But it also has a marked deleterious effect due to
the stiffening and heat-setting of the materials, which could cause difficulty
in deployment.

VI. SUMMARY, CONCLUSICNS AND RECOMMENDATIONS

Compressive forces up to 250 p.s.,i. on any of the materials or configu-
rations studied had no deleterious effect on their strength at any of the
conditions of temperature or time. On the contrary, under certain conditions
the reduction of void volume resulting from compression had a certain salu-
tory effect on the heat-oxidation degradation of the nylon materisls.

At any glven temperature-time conditions the amount of degradation in
the materials studied could be attributed simply to the availability of
oxygen within the structure of the material., This was reduced by the appli-
cation of pressure, but since the change in packing factor which was possible
by compression was only of the order of about 30%, the effect of pressure on
degradation was not large. Degradation could be reduced appreciably by re-
placing the oxygen within the material with an inert aimeosphere such as
nitrogen or even steam.

All the nylon specimens, with the exception of two webbings (believed
to have been made from Type 700 duPont nylon or Chemstrand RHB) showed con-
siderable degradation when exposed at 350°F for 6 hours. The Dacron mater-
1als retained their strength to temperatures somewhat over 4OC°F. The glass
materials were appreciably weakened at 500°F probably due to degradation of
the finish. The fabric made from an unnamed orgeniec fiber showed little
strength loss at 600°F for 2 hours, but was badly damaged at 650°F, The
stainless steel fabric was degraded only slightly when exposed to 1000°F for
72 hours.,
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Most of the exposures were carried out with the specimens in a flat

configuration, It was found that folding or seaming the specimen had no
appreciable effect on the way any of the materials degraded.

Sticking between layers of most of the materials was not a phenomenon
of serious proportions at any temperature or time. The exceptions to this
were several of the nylon ribbons whose behavior was markedly different
from all of the other materials, suggesting that the effects observed could
probably be attributed to thermal reactions of finish on their surfaces.

A factor which was considered to be as Important as the loss in sirength
or elongation which took place was the stiffening of the material which is
here attributed to inter-fiber sticking. This was very appreciable, in all
materials except those made from the unnamed organle fiber and stainless
steel even under exposure conditions which produced little strength loss.

The effect on a pressure packed parachute of heating at 380°F for 12
hours was essentially as would have been predicted from the results obtained
in the controlled tests on small specimens. Some oxidative degradstion as
evidenced by yellow discecloration was apparent, but the most important re-
sult seemed to be the extreme stiffening of the wvarious components, and heat-
getting in the tightly-packed, folded configuration, It seemed likely that
this would make the parschute difficult, if not impossible, to deploy. An
additional oven exposure of a parachute which had not been pressure-packed
showed less stiffening and more degradation, just as is indicated by the
results of all the experiments on component materials, There was no evi-
dence of inter-layer sticking among the components of the heated parachutes
elther pressure-packed or not,

It is recommended that any further study be concerned more with fabric
stiffening than with the effects of pressure on tensile properties, about
which much is now knownh. Means of reducing the stiffening brought about by
heat, and of minimizing the effects of setting in & folded configuration,
should be sought. The properties of the unnamed organic fiber included in
this investigation are very interesting in this regard. It seems to com-
bine a resistance to degradation and to stiffening up to temperatures high
enough to be of considerable practical interest., Further study of its re-
action to heat when in the heterogeneously packed condition found in a para-
chute pack would seem to be indicated.
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VIII. APPENDIX I

DESCRIPTION OF THE COMPRESSION BOX

The box in which the materials were compressed and heated is pictured
in Figure 18, consisting of an open ended rectangular trough and a snugly
fitting platen for compressing the specimens. The walls and bottom of the
trough were made of 1™ thick steel and each contained a 300 watt tubular
alectric heating element. The platen also contained a similar heating ele-
ment so that the compressed specimens were surrounded by four heated walls.
The length of the box was 8%, and its width was variable (by inserting a
bottom and a platen of suitable width) so as always to be the same width
as the specimens being treated. The series of materials used included
widths of 1%, 1-3/4" and 2",

Compresslon was accomplished in a hydraulic press as described else-
where in the report., When the desired degree of compression was achieved
the platen was held in that position by four bolts, thus maintaining a con-
stant compressed volume even though the actual value of the pressure decayed
with time.

Uniformity of temperature over the walls of the compression box was
measured with a surface pyrometer. It was found that the temperature var-
iation could be reduced to less than 4°F provided the heaters in the side
walls were connected In series. This 1s the way the box was operated,
therefore, and it can be assumed that very satisfactory uniformity of tem-
perature was achieved at all operating temperatures.

Temperature was controlled by a West Model J Contreoller using as a
sensing element a specially desighed iron-conatantan thermocouple. Twisted
and bared thermocouple wires were silver soldered into a groove rumning the
full length of a 1/8" thick brass plate having the same dimensions as the
bottom of the compression box. This plate was laid in the bottom of the
box and the specimens piled on top of it.

Measurements of the rate at which the specimens within the box heated
up were made by inserting three thermocouple plates in a pile of 10 speci-
mens. One plate was at the bottom of the pile, in contact with the bottom
of the box; one was in the middle of the pile; and one was at the top in
contact with the platen. Curves which show the rate of rise of temperature
at these three locations are shown in Figure 19. In this case the box was
set Lo control at 400°F, and it will be seen from the tempersture of the
bottom thermocouple plate that this controlling temperature was reached in
about 35 minutes from the time the heat was turned on., The temperature of
the mlddle and top plates lagged behind the temperature of the bottom plate
somewhat, but about 15 minutes after the temperature of the box began to
be controlled, the temperature was uniform throughout the pile of material.
Most of the exposures were carried out at a box temperature of 350°F, Tt
can be assumed therefore, that the box reached this temperature in a period
of somewhat less than one-half hour and that about 10 minutes later the

WADD TR 60-588 18



temperature was uniform throughout the whole of the pile of specimens. For
this resson, ten minutes after the box temperature started to be controlled
was taken as zero time for all of the exposures. Six compression boxes of
this type were constructed, each capable of beilng converted to any of the
three widths, All six boxes could be used concurrently. During the heat-
ing period they were contained within a marinite-insulated enclosure pic-
tured in Figure 18, The controller was connected to the boxes through &
cycling circuilt which permitted the controller to sense each of the zix
boxes in succession and determine whether the heater in that box needed to
be turned on or off, Thus, during any one exposure all the tests had to be
carried out at the same temperature, but different values of pressure and
time could be used. Since each of the boxes could bs loaded with more than
one type of specimen, this made it possible to carry out several exposures
at one time,

Specimens which were to be used for tensile testing had to be cut as
long as 40 inches; thus there was a considerable length of specimen extend-
ing outside the compressed heated area of the box. These long ends, how-
ever, were contained within the insulated chamber and were, therefore, sub-
jected to an elevated but uncontreolled tempersture. Because of the more
or less unlimited supply of oxygen within the insulated chamber, 1t was
sometimes found that the length of specimen outside the compression box be-
came more degraded than the specimen inside the box, and during tensile
testing broke in a region outside that belng studied. It was possible to
eliminate this difficulty simply by f1lling the insulated chamber with
nitrogen, and bleeding nitrogen into the chamber throughout the duration
of the heating time at a low rate. This almost completely eliminated deg-
radation of the part of the specimen outside of the compression box, and
breaks could be obitained in the desired area of the specimen. It should be
noted, however, that even though the heating was done in an atmosphere of
nitrogen, thils did not mean that the specimen was immersed in & nitrogen
atmosphere, for the air originally contained within that part of the speci-
men which was being compressed was not displaced by this procedure.
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IX. APPENDIX II

TEST METHODS
1. Tensile Tests

Most of the materlals used in this investigation were too strong to
be tested by conventional methods such as are described, for example, in
CCC-T-191b, Method 5104. Modiflcations both of the methods of gripping the
specimens and of the speed of testing had to be made in order to accommodatle
the much higher strengths. Two methods of gripping the specimen were used,
one of which was suitable for the fabrics and the other for the ribbons and
webbings,

M1 fabric specimens were cut initially 2% wide by 14" long, the longer
dimension being parallel to the warp yarns of the fabric. They were com-
pressed and heated and then, prior to tensile testing, ravelsd to 1" wide
so that all the strength figures quoted are for a 1™ raveled strip test. The
clamps of the testing machine carried serrated flat faces 2" wide by 1-1/2"
long. These were lined with leather to prevent cutting of the specimens.
Fach end of the test specimen was coated with powdered rosin to minimize
slippage. It was then passed through the jaws, around a 1/4" rod, and back
through the Jaws. This method of gripping a specimen prevented excessive
glippage and minimized jaw breaks, It did not, however, eliminate so-called
"jaw penetration” and the elongation of the specimen was not accurately re-
corded on the chart of the tester. ZElongatlon and energy to rupture had to
be determined by a speclalized technique which is described below.

The ribbons and webbings were held in capstan-type jaws. This required
a specimen AO™ long and, of course, did noit permit the direct determination
of specimen elongation. The technique for determination of elongstion and
energy to rupture was the same as that used for fabrics, All ribbons and
webbings were tested full width,

The elongation of the specimen was recorded photographically., Narrow
tabs of black electrical tape were stuck to the face of the specimen at an
initlal spacing of 5 inches. This distance was recorded by photographing
the mounted specimen initlally and at specified load increments during the
progress of the test. The specific loads at which photographs were taken
were indicated by pips on the recorder chart. Values of elongation were
determined at several points by inserting the developed film in a microfilm
reader, and measuring the distance between the black tabs with a ruler. An
accurate load-elongation curve could then be plotted, which was extrapolated
up to the rupture load. The energy was determined by measuring the area
under this curve with a planimeter.

A1l tests were carried out at 65% R.H., 70°F. Because of the time-
consuming nature of this type of testing, and because of the large numbers
of specimens which required testing, only three specimens were tested for
each sample of material at each exposure condition (except for the initial
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values, for which 5 tests were carried out). It should be realized, there-
fore, that the precision of the resulis 1s such that differences between
results of less than about 5% are of doubiful significance.

Only the glass fabrics had to be treated differently from the methods
described above., Glass fabrics are known to be very susceptible to Jjaw
cutting, In addition to this, the fabrics which were used had a marked
tendency to fray, and were so easily distortable that it was difficult to
be sure that the same yarns were gripped in the upper and lower Jaws. A
method of bresking glass fabrics 1s described in ASTM Standards, Method
D579-49. This describes a technique for coating the ends of the specimen
with butyl methacrylate in order to prevent jaw cutting. This method was
tried, but considerable variability in test results was obtained because of
the difficulty in maintaining uniform yarn tension during the application
of the coating material, and because the yarns at the edge of the specimen
tended to pop out of the structure, thereby failing to carry their share
of the applied load.

A simple technlque was developed which overcame all of these difficul-
ties and produced uniform and reasonsble results, A test specimen was cut
2 x 1 inches as iIn the case of the other fabrics, and after compression
and exposure ito the required temperatiurs conditions 1t was carefully laid
out on a horizontal surface. A 1* wlde strip of masking tape was applied
down the center of the test specimen, care being taken to keep the edge
of the masking tape parallel to the lengthwlse yarns of the apecimen.

Those yarns outside the masking tape were then frayed out and the specimen
inserted 1In the Jaws exactly as described above for the other fabrics, keep-
ing the side which carried the masking tape adjacent to the leather jaw
faces. It was not necessary to apply any correction for the tensile char~
acteristics of the masking tape because the load reguired to stretch the
masking tape to the breaking extenslon of the glass fabrics was only about

3 pounds. This was a negligible error in a febric which had a strength of
almost 400 pounds.

2. Tear Tests

The tear strength of the fabrics was measured by the tongue tear test
as described in CCC-T-191b, Method 5134, except that in order to fit the
compression chamber, the specimen was cut 2 inches wide instead of the 3
inches specified in the test.

3. Inter-Layer Sticking

In order to obtain a quantitative estimate of the extent of inter-
layer sticking which occurred during heating, a simple teat was devised for
measuring the force required to separate the specimens. Specimens were cut
10® long by 2" wide (or the full width of the material, if less than 2%},

3 being required for each test. A sandwich was made of these three speci-
mens in such a way that the center specimen extended 2" beyond the outer 2
specimens at one end. Thus the length of overlap was 8", and this central
8% was compressed and heated in the compression chamber. After the heating
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period the specimens were removed from the box and were checked to see
whether any appreciable degree of sticking had resulted. If so, the three-
layer assembly was conditioned at 65% R.H. and then inserted in the jaws of
an Instron tester in such a way that the outer 2 specimens were gripped at
one end in one Jaw and the inner specimen gripped at the other end in the
other jaw. The force which was neceasary to slide the Inner specimen out
from batween the outer two was then measured.

Le Stiffness Tests

_ The stiffness of the specimens which was used as a measure of inter-
fiber sticking was measured by the cantilever test. For the original speci-
mens and for thoge which were not stiffened too much by heating, the tech-
nique used was essentially that described in ASTM Method D-1388-55T. How-
ever, the heavier glass fabrics, the heavier ribbons, and the webbings be-~
came too stiff after heat treatment to be measured with this technique.
Peirce(7) gives the expression for deflectlon of a weighted cantilever beam.
A simple device was set up, therefore, in which the stiffened specimen could
be loaded by hanging weights at its free end, and measurements of the angle
of deflection could be made., It was found, when making these measurements,
that the specific value of rigidity obtained was dependent upon the degree
of curvature, as illustrated for a few materials in the curves of Figure 19,
It is poasible that some points of adhesion were broken as the specimen bent,
resulting in a rigidity which decreased as the degree of bending increased.
In order to minimize wvariability, it was decided %o deflect all the speci-
mens to an angle of about 40°, which was chosen because in this range of
bending the measured value of rilgidity was not greatly affected by the angle
of deflection, Moreover, this is approximstely the angle which was used in
the standard unloaded cantilever test. It should be realized, therefore,
that the values of rigidity quoted are for a specimen which has received a
small amount of "working™, and that its initial stiffness may be somewhat
higher than the flgure quoted.

All values are given In terms of the flexural rigidity of the specimen,
which is the welght per unit length multiplied by the cube of its bending
length., Metric units have been used and the flexural rigidities are in the
units, gms.cm?,
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FIGURE 6 - EFFECT OF CYCLING AND TIME UNDER PRESSURE
ON THE COMPRESSION OF 10 LAYERS OF NYLON RIBBON

MIL-T-se08E, CLASS E, TYPE IX¥.
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FIGURE 7- LOAD-ELONGATION CURVES FOR NYLON FABRIC

MIL-C-80218, TYPE I.
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FIGURE 8- LOAD-ELONGATION CURVES FOR NYLON FABRIC
MIL-C-80218, TYPE II.
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FIGURE 9- LOAD-ELONGATION CURVES FOR NYLON RIBBON

MIL-T-5608E, CLASS E, TYPE XI.
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FIGURE 10- LOAD-ELONGATION CURVES FOR NYLON WEBBING
MIL-W-4088C, TYPE XiIX.
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FIGURE 12- LOAD-ELONGATION CURVES FOR FABRIC OF

UNNAMED ORGANIC FIBER.
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FIGURE 13- RELATION BETWEEN LOSS IN TEAR STRENGTH
AND LOSS IN BREAKING STRENGTH.
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Materlal
Fabric

Nylon MIE-C-7350C, Type II
Nylon MIL~C-8021B, Type I
Nylon MIL-C-8021B, Type II
Nylon MIL-C-8021B, Type III
Dacron MIiL-C-7350C, Type II
Dacron MIi-C-8021B, Type I
Dacron MIL~C-8021B, Type III

U.0.F.

Glass light
Glass heavy

Ribbon

Nylon MIL-T-5608E, Class C,
Type V

Nylon MIL-T-5608E, Class E,
Type I1

Nylon MIL-T-5608E, Class E,
Type ITI

Nylon MIL-T-5608E, Class E,
Type 1V

Nylon MIL-T-5608E, Class E,
Type V

Nylon MIEL~-T-5608E, Class E,

Type VI
Dacron

Webbing
Nylon MIL-W-4088C, Type X

Nylon MIE-W-4088C, Type XIX
Nylon MIL-W-4088C, Type XX

WADD TR 60-588

TABLE 3

BREAKING ELONGATION

Original

19
22
26
28
34
33
29

16

W B

17

19

23
25
28

31
23
22

46

o
Time & Pressures; Exposed at 350 F

2 hr
250
psi

%)

12
13
20

24

&

6 hr 24 hr 72 hr
0 50 250 250 250
pei psi psi psi psil
@) (5 &)
19 17 15 - -
11 11 13 - -
17 16 15 - -
2 23 2 - -
33 35 34 - -
34, 32 33 - -
35 371 34 31 -
17 16 16 15 -
3 - 3 - -
- 3 3 - -
18 14 14 - -
15 12 13 - -
19 17 16 - -
19 16 14 - -
28 25 - - -
27 - 22 - -
37 40 4] - -
- - - - 30
- - - - 19
22 - a4 8 -



TABLE L
FNFRGY TC RUPTURE

Exposed at 00_ ag of 290 psi for
Original 2 hr 6 hr 24 hr 72 hr
Materis Inch~pounds per inch of specimen width
Fabric
Nylon MIL-C-7350C, Type II 1 8 6 - -
¥ylon MIL~-C-8021B, Type I 18 18 5 - -
Nylon MIL-C-8021B, Type II 29 27 8 - -
Nylon MIL-C-8021B, Type II1 73 48 30 - -
Dacron MIL-C-~7350C, Type II 21 - 24 - -
Dacron MI1L-C-8021B, Type I 25 - 29 - -
Dacron MIL-C-8021B, Type III 62 - - - -
U.0.F. 13 11 14 14 -
Glass light 4 - 3 - -
Glass heavy 11 - 9 - -
Ribbon
Nylon MIL-T-5608E, Class C,
Type V 20 13 14 - -
Nylon MIL-T-5608E, Class E,
Type II 9 36 28 - -
Nylon MIL-T-5608E, Class E,
Type 111 140 120 68 - -
Nylon MIL-T-5608E, Class E,
Type IV 200 170 49 - -
Nylon MIL-T-5608E, Class E,
Type V 365 270 - - -
Nylon MIL-T-5608E, Class E,
Type VI 440 - 280 - -
Daecron - 170 200 - -
Webbing
Nylon MIL-W-4088C, Type X 890 - - - 1070
Nylon MIL-W~4088C, Type XIX g30 - - - 720
Nylon MIL-W-~4088C, Type XX 975 820 620 82 -
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TABLE 5

PERCENT 10SS IN _BREAKING STRENGTH

Material
Fabric

Nylon MIL-C-7350C, Type II
Nylon MIL-C-8021B, Type I
Nylon MIL-C-8021B, Type II
Nylon MIL-C-8021B, Type IIT
Dacron MIL-C-7350C, Type II
Dacron MIL-C-8021B, Type I
Dacron MIL-C-8021B, Type III

G.0.F.

Glass light
(lass heavy

Ribbon

Nylon MIL-T-5608E, Class C,

Type V
Nylon MIL-T-5608E, Class E,

Type II

Nylon MIL-T-5608E, Class E,
Type III

Nylon MIL-T-5608E, Class E,
Type IV

Nylon MIL-T-5608E, Class E,
Type V

Nylon MIL~T-5608E, Class E,

Type VI
Dacron

Webbing

Nylon MIL-W-4088C, Type X
Nylon MIL-W-4088C, Type XIX
Nylon MIL-W-4088C, Type XX

* A minus sign indicates an
WADD TR 60-588

Time & Pressures; exvosed at 350°F

2 hr 6 hr 2, hr  _72 hr
250 psi O psi 50 psi 250 psi 250 psi 250 psi
(%) (%) (%) (%) _(2)
11 Adv 49 45 -
6 67 70 56 -
12 70 61 59 - -
19 &7 45 48 - -
- 2 3 3 - -
- 0 0 0 - -
0 6 7 5 5 -
2 2 2 3 - -
- -11% 0 ~11% -
- 5 0 5 -
15 32 30 2/ - -
L4 69. 63 53 - -
33 52 38 L3 - -
49 72 68 64 - -
13 - 16 16 - -
14 28 26 25 - -
1 S 3 A - -
- - - 1 6
- - - - 2 19
14 49 A 20 73 83

inecrease in strength.

48



TABLE 6

SINGLE WARP YARN BREAKING STRENGTH

Material
Fabric

Nylon MIL-C-7350C, Type II
Nylon MIL-C-8021B, Type I
Nylon MIL-C-8021B, Type II
Nylon MIL-G-8021B, Type III
Dacron MIL-C-7350C, Type IT
Dacron MIL-C-8021B, Type I
Dacron MIL-C-8021B, Type I1I

U. OUF.

Glass light
Glass heavy

Ribbon

Nylon MIL-T-5608E, Class C,
Type V

Nylon MIL-T-5608E, Glass E,
Type 11

Nylon MIL-T-5608E, Class E,
Type II1

Nylon MIL-T-5608E, Class E,
Type IV

Nylon MIL-T-5608E, Class E,
Type V

Nylon MIL-T-5608E, Class E,

Type VI
Dacron

Webbing

Nylon MIL-W-4088C, Type X
Nylon MIL-W-4088C, Type XIX
Nylon MIL-W-4088C, Type XX

Control

:

)
L] L] L *
H3W0VwkHNnw

=t
U

o
. L
AS VL]

0.39
2.6
5.4
5.8
13.7

13.0
3.0

37.9
43.3
63,8

2 hr

{b)

=t
NN R

* » Ll . s » -

NN P~ O OO W

Ly =3

0.34

42,
42,

26.

B~

#A minus sign indicates an increase in strength.

WADD TR 60-588

350°F Ihggg in oven)

6 hr

{1b)

- -

1=
N MR N O
-

VN U s 0 e e

=
o~ o

0.28
0.88
1.8
1.8
12.1

11.5
3.0

T.oss
2nr 6 hr
&) ()

61 ¥
69 66
&7 66
51 63
0 3
7 11
=10% —On
4 0
é =14
=14 =30
13 28
54 66
56 67
57 69
7 iz
5 12
0 0
-11 -4,
2 7
59 66
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TABLE 12

SEAM STRENGTH
350°F
Original 6 hr, 250 psi
Material (i1bs) (1bs)
Fabric
Nylon MIL-C-7350C, Type II 2% 114 453 %
Nylon MIL-C-8021B, Type I 266 140 2.6
Nylon MIL-C-8021B, Type IX 334 149 <% ¢
Nylon MIL-C~8021B, Type III 878 132 gey
Dacron MIL-C-8021B, Type III 738 576 7§.7
Ribbon
Nylon MIL-T-5608E, Class C, Type V 248 110 v4YP
Nylon MIL-T-5608E, Class E, Type II 1020 31 237
Nylon MIL-T-5608E, Class E, Type III 1056 455 ¥3./
Nylon MIL-T-5608E, Class E, Type IV 1073 14 395
Nylon MIL-T-5608E, Class E, Type V 1150 644, 16 °
Nylon MIL-T-5608E, Class E, Type VI CA140 o652 e
Dacron 620 570 92,0
Hebbing
Nylon MIL-W-4088C, Typs X 6600 6750
Nylon MIL-W-4088C, Type XIX 8040 5570
Nylon MIL-W-4088C, Type XX 6530 5270

TABLE 13

INTER-LAYER STICKING

Material

Nylon MIL-T-5608E, Class C, Type V
Nylon MIL-T~5608E, Class E, Type II
Nylon MIL-T-5608E, Class E, Type III
Nylon MIL-T-5608E, Class E, Type IV
Nylon MIL-T-5608E, Class E, Type V
Nylon MIL-T-5608E, Class E, Type VI

WADD TR 60-588
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Withdrawal Force

Time and Pressure: g%?gggg at 35QOF
2 hr hr

250 psi 6 psl 50 psi 250 psi

(1bs) {1bs) (1bs) (lbs§
- 5 30 58

63 5 33 50
19 0 16 20
35 0 9 26

6 0 3 A

A o 0 0
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