TECHNICAL REPORT
NATICK/TR-87/015

AD-AT80 469

COMPARISON OF THE PROPERTIES
OF PARACHUTE WEBBINGS WOVEN
ON SHUTTLE AND SHUTTLELESS LOOMS

BY

MARYANN C. KENNEY
NORMAN J. ABBOTT

ALBANY INTERNATIONAL RESEARCH CO.,
DEDHAM, MA (2026 .

FEBRUARY 1987 . l"}-r'? o
FINAL REPORT FOR THE PERIOD LI e

MAY 1985 TO FEBRUARY 1987 SLECTE
MAY 2 2 1987
)

B

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED

Prepared for

UNITED STATES ARMY NATICK
RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
NATICK, MASSACHUSETTS 01760-5000
INDIVIDUAL PROTECTION DIRECTORATE
ay 5 21 299




Disclaimers

‘The findings contained in this rcportl
are not to be construed as an official
Department of the Army position unless
.50 designated by other authorized

documents.
Citation of- trade names in this report

does not constitute an official endorse-

ment or approval of the use of such i1tems.

DESTRUCTION NOTICE

For classified documents, follow the procedures in DoD
5200.1~R, Chapter 1X or Dol 5220.22-M, *“Induscrial Security
Manual," paragraph 19. For unclassified documents, destroy
by any method which precludes reconstruction of the document.




7
sl

Unclassified
TECTIRITY C1AASIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

1a REPORT SECURITY CLASSIFICATION 16 RESTRICTIVE MARKINGS
Unelassified None
22 SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT
- Approved for public release; distribution
, 2o DECLASSIFICATION / DOWNGRADING SCHEDULE unlimited.
4 PLRFORMING ORGANIZATION REPORI NUMBER(Y) S MONITORING ORGANIZATION REPORT NUMBER(S)
NATICK/TR-87/015
6a NAME OF PERFORMING ORGANIZATION bb OFFICE SYMBOL | 7a NAME OF MUNITORING ORGANIZATION
* Albany International (t# applicable) U.S. Army Natick Research, Development
Bpeparch o and Engineering Center
€ ADDRESS {(Gty, State, and ZtP Code) Tb ADDRESS (City, State, and 2iP Code)
N 1000 Providence Highway Kansas Street
Dedham, MA 02026 Natick, MA 01760-5019
8a NAME OF FUNDING/SPONSORING 8b OFFICE SYMBOL | 9 PROCUREMENT INSTRUMENT IDENTIF.CATION NUMBER
ORGANIZATION {f applicable) Contract No. DAAK60-85-C-006Y4
8¢ ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO  }NO NO, ACCESSION NO

728012.12 O&MA

1 TTE (include Secunty Classification)
Comparison of the Properties of Parachute Webbings Woven on Shuttle and Shuttleless
Looms °

12 PERSONAL AUTHOR(S)
Marvanrn © ¥enney and Harman 1, Ahbntt

%
h

n 132 TYPE OF REPORY 13b TIME COVERED IN DATE OF REPORT (Year, Month,Day) 1S PAGE COUNT
ke f Final FROM May ‘'85 TOFeh '87 1987 February 1 (21
gy 16 SUPPLEMENTARY NOTATION
PR
s
v
3 17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse «f necessary and identify by block number)
FIELD GROUP YA b ' PARACHUTES, —HY¥LON SHUTTLELESS ABRASION
! 7 WEBBINGS Poussﬁ\ LOOKS IMPACT
-‘b i SHUTTLE ABSORPTION ~JENSILE STRENGTH, *NAPPING,
¥ |CBS!MCY (Coatinue on reverse it necessary and identify by block number) 7 R

This study compares the properties of shuttle and shittleless webbings for three fiber
types: nylon 6,6, nylon 6, and polyester. Tensile strength, elongation and energy absorpq

¥

o tion were peasured on the original webbings 4and after hex bar abrasion, weatherling, high
,\.:: speed impact, and edge abrasion.
oty .

W
;{. . For all webbing types there were no statistically significant differences in tenslle prop-
1150 erties between webbings produced un shuttle or shuttleless looms. Among the fiber types,
(4.} the polyester webbings showed several significant Cifferences., Huwever, the polyester

constructions were not optimized for performance, and many of the differences ubserved
could have been significantly affected by the construction. L7, ..,y %

LA
LA

&
v
L.' 3
H 20 DISTRIBUTION tAVARASIUTY OF ABSTRACT 23 ABSTRACT SECURITY CLASSIFICATION
~F BJuncrassisieonrsaren [ same as wev Done users nelageified
s 23 NANE OF RESPONSISLE INDIVIDUAL 240 TELEPHONE {i e Area Code) | 220 OFHICE SYMBOL
&i‘ Sades £o Hello eTEILEREY | hcTrer
Y DD FORM 1473, s4mar 83 APR €0ition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE
:‘\: Allother ediuons are obsolete Unclass 1 r l ed

i

e




s IS S S RSN 2 S AR i

o B 20 S ST AR S o A T A A

AT ) S X TR

PR

S P

ke 20l
P

SUMMARY

This study compares the properties of webbings produced on shuttle and
shuttleless looms. The narrow fabric industry is currently undergoing a
change to shuttleless looms, This raises concerns for webbing supply and
cost under the existing specification which requires that critical (life
support) applications use only nylon 6,6 webbings produced on a shuttle
loom. This study compares the properties of six webbing types (Types VI,
VIII, X, XIII, XIN, and XXII), in shuttle and shuttleless constructions,
both uncoated and resin coated, for three fiber types: nylon 6,6, nylon 6,
and polyester. Various physical properties were examined. Tensile
strength, elongation and energy absorption were measured on the original
webbings and then after various test conditions: hex bar abrasion, weather-
ing, high speed fmpact, and edge abrasion. High speed impact and edge abra-
sion were tested by methods devised for this project.

For all webbing types, there were no statistically significant differ-
ences in tensile properties between webbings produced on shuttle or shuttle-
less looms. In particular, resistance to high speed impact and edge abra-
sion were equivalent for both weaving methods. 1In addition, no differences
in the amount of edge abrasion occurring on the catch-cord and non-catch-
cord edge of the shuttleless webbings were observed.

Among the fiber types, the polyester webbings showed several signifi-
cant differences. However, these constructions were formed by strajght
substitution of 1000 denier polyester for 840 denier nylon, and not truly
optimized for performance. Many of the differences observed could not be
attributed directly to an inherent property of the polyester fiber, but
could have been significantly affected by the construciion. The most not-
able differences were: original elongation of most polyester webbings were
about 75 to 85% of the equivalent nylon 6,6 shuttle webbings. This gave
energy values in the range of 65 to 85% of the nylon 6,6 shuttle webbings
Several individual coated polyester constructions showed comparatively low
tensile strength values after accelerated weathering (<85%). Polyester
webbings showed slightly increased napping tendency during hex bar abra-
sion, and in the uncoated state showed relatively large strength reductions
compared to nylon 6,6 and nylon 6. After impact cycling, polyester web-
bings show considerable loss of tensile elongation and energy absorption,
However, in all of these cases, it must be emphasized that constructional
effects could explain some or all of the differences.
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PREFACE

This report was prepared by Albany International Research Co. under
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ter Procurement Office was the Contracting Officer. The Contracting Offi-
cer's Representative was Mr. James E. Mellc, Project Officer.
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tional Research Co. co-workers who assisted in the study. Ms. Ruth Hall
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Ms. Janet Finn and Ms. Elizabeth Page. Mr. Joseph Panto provided assist-~
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COMPARISON OF THE PROPERTIES OF PARACHUTE WEBBINGS WOVEN ON
SHUTTLE AND SHUTTLELESS LOOMS

I. INTRODUCTION

The narrow fabric industry is undergoing a change from shuttle to
shuttleless looms. The specification now existing for nylon 6,6 webbings
in critical (life support) applications requires the webbing to be con-
structed on a shuttle type loom. Because of the decreasing availability of
webbings produced on shuttle looms, this raises concerns for both webbing
supply and increased cost. These problems have been recognized over the
last 10 to 15 years, and several steps have been taken to address them. On
May 10, 1974, Revision H of MIL-W-4088 allowed the use of shuttleless loom
produced webbings for non-critical use (Class 2), the same revision also
allowed the substitution on nylon 6 for nylon 6,6 for certain webbings [1].

In 1977 and 1978 a study was conducted by Gardella and Devarakonda [2]
at NRDEC (then NARADCOM) comparing the properties of selected webbdbings
woven on both shuttle and shuttleless looms. From this study, they con-
cluded that both types performed equally well in all noncritical applica-
tions, but suggested further testing should be conducted for critical life
support applications. They also concluded at that time that cost savings
of approximately 5% could be expected from using shuttleless webbings.

The study which follows extends this work to several additfonal web-
bing types, and further considers the use of nylon 6 and polyester in web~
bing applications. One of the particular concerns is the effect of the
non-interlaced edge on a shuttleless webbing which results from a double
pick inserted from one sicde only during weaving. This edge in a2 shuttle-
less construction is typically bound together by knitting in a catch-cord
yarn. The behavior of this structure when subjected to edge abrasion dur-
ing use in related hardware, and during conditions of impact loading, is
the point of concern. For example, would the catch--ord edge show unusual
edge abrasion properties, or would it "“unzip" with impact? To determine if
the shuttleless webbings would malntain the same tensile properties after
edge abrasion and high speed impact, two test methods were developed for
this project.

The study which follows compares the tensile properties of six webbing
types, in shuttle and shuttleless constructions, both uncoated and resin
coated, for three fiber types: nylon 6,6, nylon 6, and polyester. A num-
ber of physical properties such as thickness, weight, and lateral curvature
are exanined. Tensile strength, elongation and energy absorption are mea-
sured on the original webbings and then after various test conditions or
"treatments": hex bar abrasion, weathering, high speed impact, and edge
abrasion.




II. MATERIALS

Webbings made from nylon 6,6, nylon 6 and high strength polyester
yarn, all dyed olive drab shade 7 (0OD-7) were obtained by subcontract to
Narricot Industries, Inc. (Cheltenham, PA). Six webbing types were fabri-
cated: Types VI, VIII, X, XIII, XIX, and XXII according to the specifica-
tion requirements of MIL-W-4088J, Table 2. Selected specification require-
ments are shown in Table 1 of this report. Each webbing was fabricated in
both a shuttle and shuttleless verslion, and in the uncoated and resin
coated states. In the following report, all shuttle webbings are denoted
Class 1 and all shuttleless webbings Class 2, for all fiber types, Within
the specification, however, only nylon 6,6 shuttle loom webbings may be
Class 1; nylon 6, regardless of the loom used, is Class 2; and polyester is
not approved for the current spec. In the interests of clarity, however,
Class 1 (shuttle) and Clases 2 (shuttleless) have been adopted for this re-
port. A total of 72 webbings were produced. Additionally, 100 linear
yards of each of the 36 resin-coated webbings were produced to be delivered
to the Government at completion of the project.

As the specific gravity of polyester is greater than that of nylon, an
adjustment in the polyester yarn denier was made so that the polyester web-
bings would be expected to conform to thickness and width requirements.
This was done by using 1000-denier polyester (Allied polyester Type IW70)
in place of 8LO-denier nylon, with the aim of substituting directly, ply
for ply, and end for end. In several of the constructions, difficulties
vwere encountered with this approach, as the specified number of picks per
inch could not be inserted. Accordingly, the picks per inch and/or f{lling
ply and denjer were adjusted to come as close as possible to the thickness
requirements of MIL-W-4088. As development of optimized polyester construc-
tions was not an objective of this work, we accepted these webbings as re-
cetved for the required comparative testing. Details of the constructions
may be found in the results and discussion section.
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III. TEST METHODS

1. Thickness

Determined according to FED-STD-191A, Test Method 5030 [3].

2.  Height

Determined according to FED-STD~191A, Test Method 5041 {4].
3. Lateral Curvature
Determined according to MIL-W-4088J, para. 4.5.1 [1].

4.  Construction

Determir2d according to FED-STD~191A, Test Method 5050 [5].

5. Tensile Testing

A method similar to FED-STD-191A, Test Method 4108 was used [6). The
Jaws, gripping procedures, and test speeds were as described in this method.
Our original intention was to use an extensometer to measure elongation,
rather than gauge marks, as called for in Method 4108, An extensometer
would provide a direct trace of load vs. elongation which could be analyzed
by computer to give rapid and accurate measurements of energy and elonga-
tion at break. Several problems were encountered with this testing proce~
dure. The extensometera currently avallable are not rugged enough for use
with these webbings, During the break and subsequent recoil of the web-
bing, the extensometer is slammed against the capstan jaws, For low
strength webbings, this results in the constant need to tighten the exten-
soneter assembly, or retrieve screws and small parts. For high strength
webbings, it results in total fracture of the extensometer arm. A number
of methods to retrieve or cushion the extensometer arm were considered with
no success. We subsequently developed a procedure to measure elongation
usiag a video camera and gauge marks on the specimen, which was as follows:
a 5-inch gauge length i3 marked on the webbing at a small pre-load tension
(1 to 2% of breaking strength). A lightweight paper ruler graduated in
0.i-inch increments is taped at one end to the 0 gauge mark on the webbing
using a narrow piece of tape (approximately 0.1 inch). The other end hangs
free over the 5-inch gauge mark. The video camcra is focused on the lower
5-inch mark, and follows this as the test proceeds. The upper edge of the
ruler stays fixed.

As the test runs, the Instron chart is pipped at varjous load inter-
vals, and simultaneously a statement i{s made into the microphone input of
the video camera. In this way, when the tape is replayed, the load may be
read from the chart at the designated pips, and the elongation, at the cor-
responding time, may be read from the movement ¢f the gauge mark relative
to the ruler. The elongation may be estimated to the nearest 0.01 inch
from the ruler. With sufficient experience, it is possible to read elonga-
tion from the video camera display as the test {s running, without using
the tape replay. When necessary, the tape is replayed for the final point
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tQ accurately determine elongation at break and match it to the correspond-
ing load at break from the Instron chart. This method was used on all but
the very initial low strength wabbing tests which were done with the exten-
someter. A duplicate run using both methods was conducted on one webbing
type to assure the test valldity, with good results.

Tengile testing in the original state, as well as after all of the
following treatments, was conducted by this procedure. Values are reported
at break for tensile strength, elongation, and energy absorption {area
under the curve). Unless otherwise noted, all results presented are an
average of 5 values.

6. Accelerated Weathering

The procedure uged was changed from FED-STD-1914, Test Method 5804 (7]
to ASTM Test Method D2565-79 [8], according to contract modification PO00O1.
The reason for the change is to obtain better correspondence with exposure
to sunlight, which we assume is the degradative agent which it is desired
to simulate, and, therefore, more reliable comparisons between fibers and
weaves.,

The attached spectral distribution curves are copies from literature
provided by the Atlas Company, manufacturers of the Weatherometer, Method
5804 specifies the use of a "Sunshine Carbon Are," the spectral distribu-
tion curve for which is compared to normal sunlight in Figure 1. Note
that the carbon arc emission contains a lapge energy peak in the 350-U450 nm
region, while the curve for sunlight shows only a gradual rise through this
wavelength range. The DuPont Technical Bulletin X-189 "Light Resistance of
Industrial Fiber Products" [9) says "... the primary cause for light degra-
dation of fibers {s ultraviolet rayg with wavelengths between 290 and
400 nm." Consequently, they caution that "For comparative testing of
fibers, the spectral distribution in the ultrayiolet portion of the radla-
tion should be as close as possible to that encountered in actual use of
the fiber products. This 1s Important because the relative rate of degra-
dation of fibers varies considerably with spectral distribution, and erro-
neous conclusions could be drawn even though the fibers receive the same
total ultraviolet radiation during the test," They further say "DuPont
believes that the carbon arc is not an acceptable substitute for outdoor
exposure since no consistent correlation either with outdoor exposure tests
or with actual weathering performances has been observed by DuPont.”

For many years there has been a better source than the carbon arc for
simulating sunlight exposure, namely the Xenon arc lamp. Its spectral dis-
tribution is given in Figure 2 and can be seen to match that of sunlight
very closely, except for two small peaks between 450 and 500 nm, a region
which does not seriously degrade most textile fibers. It {s this Xenon
lamp which {s specified in ASTH Method D2565-79 for exposure of plastic
apecimens.

4
4
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The specific procedures, within the guidelines of ASTM D2565-79, which
we used are as follows: Procedure A for comparative evaluation within a
serles exposed simultaneously in one instrument. For the best comparison,
we ran identical shuttle and shuttleless constructions side by side. The
total specimen length used was 54 in., as required for subsequent tensile
testing by Federal Standard 191A, Test Method 4108. At least 8 In. of spec-
imen in the central section of the webbing was exposed to the weathering
conditions. The remaining specimen length was wrapped around the test rack
and secured {n tne back by means of a plastic buckle.

ASTM D2565-79 (Section 4.3) states thickness at the start and end of
the test shall be recorded. As initial thickness has previously been deter~
mined, and is fixed by the specification, and final thickness was not the
property of {nterest, we chose to omit this step.

Specimen mounting was over the entire length of the test rack, and
comparison samples were alternated in position around the rack diameter.
Specimen positions were not rotated during the 200 hour exposure. The test
rack, however, rotated continuously.

The Weatherometer was a Type AH. The buldb was a Xenon arc with
Borosilicate fnner and outer filters., The filters and burners were
pre-aged by the manufacturer in accordance with ASTM D2565-79. The inner
filter was changed at least every 300 hours and the outer filter at the .
time the buld was changed (at least every 1500 hours).

Wattage settings for each exposure interval were adjusted according to
the recommendations of the equipment supplier.

The black panel temperature was 145°15°F, Spray water was delonized
and filtered to <20 ppm total solids. The light and spray cycle consisted
of 102 minutes of light without spray and 18 minutes of light with spray.

The relative humidity conditions, as a result of the showering se-
quence, were in the range of 35 to 40% RH immediately prior to the spray
cycle,

7. Hex Bar Abrasion

Webbings were abraded 2500 cycles {n a hex bar abrader according to
FED~STD-191A, Test Method 5309 {[10]. The rods used for testing were ob-
tained from the Narrow Fabric Institute, Inc. The quality of the first
shipment of rods was unacceptable, according to the description within the
Standard. The quality of a replacement shipment was still not ideal, as
there was scale deposited on some faces. However, as this represented the
best available, we used these rods after carefully cleaning the surface
with fine emery paper. As noted in the test method, two new edges were
used for each abrasion test.

8. High Speed Impact

Testing was conducted on an apparatus available at the Aero-Mechanical
Engineering Directorate at the Matick RD4E Center. This tester is a high
capacity compressive impact device which Albany International Research Co.
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(then Fabric Research Laboratories) built for Natick about 20 years ago.
This device consists of two steel carriages mounted on a track structure,
and propelled toward each other by pneumatic pistons. When the device is
used for compression testing, the specimen is mounted on the front face of
one carriage, the carriages ere accelerated by pneumatic cylinders, and
then coast freely towards a collision at the center of the track span, com-
pressing the specimen on impact.

For the tensile impacts of the current study, one carriage is removed
from action, and the tensile specimen is secured, by means of heavy capstan
Jaws, as a tether between the active carriage and the stationary end of the
track. The specimen is impacted in tension when the movable carriage is
propelled down the track, pulling the webbing taut and bringing the car-
riage to a stop. The magnitude of the tensile impact depends on the kinet-
ic energy ol the carriage, and is controlled by varying either the mass or
the velocity of the carriages, or both. To provide impact velocities at
relevant levels, the original heavy compression carriages had to be re-
placed with a new lightweight carriage structure, designed and fabricated
for this program. The resultant carriage weight was varied from 116 to
226 1bs, and the impact velocities ranged from 15 to 25 ft/sec. Th. para-
chutes that use the webbings tested in this study are generally designed to
be deployed at relatively low speeds, of the order of 250 ft/sec or less.
However, this is an extremely high speed for tensile cycling. The veloci-
ties described above still provide for a fairly high rate of speed, without
the construction of expensive specialized equipment,

With this apparatus, the webbings were subjected to 5 cycles to 50% of
their breaking energy, as determined by original slow-speed tensile test-
ing, then removed from the tester and returneu to the laboratory for subse~
quent slow-speed tensile testirg to break, as described in Section III,S.
While this approach does not permit actual measurement of breaking
strength, elongation or energy absorption at high speed, it does, however,
detect any damage which might have been caused by the high speed cycling
which subsequently affects the tensile properties measured at standard test-
ing speeds.

9. Edge Abrasion

A test device for edge abrasion of webbings was designed as part of
this contract. The test device, shown in Figure 3, consists of a motor
driven belt sander mounted in stand so that the belt surface runs horizon-
tal. Five webbings are clamped between two steel plates (5 i{n. x
2-5/8 in.), with the webbing edges carefully aligned, and protruding from
the plates by approximately 3/8 in. The total normal force, applied from
the weight of the plates and clamps, is 1070 gm (2.4 1b). The sander frame
is designed so that the webbing and clamp assembly is lowered down onto the
belt, parallel to the belt axis, through an alignment slot. No additional
normal force {s applied. To minimize variations from sander startup, the
sander is running prior to lowering the webbing.
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Figure 3. Edge Abrasion Test Device

Each webbing edge is abraded for 30 seconds In one directfon followed
by 30 seconds in the other direction (parallel and anti-parallel to the
belt) for a total of one minute per side. The second side is abraded in
the same manner. This abrasion time was selected by experiment such that
some observable damage resulted, but not such severe degradation as would
obviously remove a webbing from service. The abrading surface is reposi-
tioned or changed every two to three tests to malntain a fresh surface.
Prior to tensile testing, a visual assessment i{s made of the number of
yarns abraded from each side. This is a rather qualitative measurement as
it is gometimes difficult to determine the exact number, and the number may
vary slightly from one webbing to another, or one spot to another. Values
ranged from 1 to 4 yarns. For shuttleless webbings, two values are given;
the first for the non-catch-curd edge, and the swcond for the catch-cord
edge,
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IV, RESULTS AND DISCUSSION

1.  Thickness

All webbing types, including the polyester constructions, are within
specification limits. The results, along with specification limits, are
shown in Table 2. The minimum thickness 1limit on the resin coated samples
has been determined from the minimum uncoated specification value less 12%.
The values for the polyester webbings are in agreement with the stated goal
of attaining specification thickness by the substitution of 1000-denier
polyester for the normal 840-denier nylon.

2. Weight

Results and specification limits are shown in Table 3. The maximum
weight specification for the resin coated samples has been determined as
the maximum uncoated value +10%. Several of the polyester shuttleless con-
structions are slightly higher than the allowed specifications (from 1 to
10% higher). 1In all cases, even those within spec, the polyester webbings
are heavier than the corresponding nylon 6,6 constructions, in most cases
by approximately 10 to 20%.

3. Lateral Curvature
Results are shown in Table 4. All uncoated webbing measurements are
within specification. While no specification f{s given for the resin coated

samples, these were also tested and are well delow the maximur value for
uncoated samples.

4, Webbing Construction

Ends/warp, binder, and picks/inch were checked for all uncoated web-
bings. (Note: 1In shuttleless weaving, one filling insertion lays in two
yarns, which have beer counted as 2 picks). The results are given in
Table 5. The nylon 6,6 and nylon 6 webbings are all within specification.
The polyester webbings, however, are all low in picks/inch (from 5 to 27%
below spec for the shuttle constructions and from 11 to 36% below specifi-
cations for the shuttleless). In one case (Type XIX, shuttleless poly-
ester), the end count was also 12% below spec. The polyester webbings were
constructed to meet thickness and weight specifications, with the required
ends/warp used, and then the maximum possible number of picks inserted.
Even with the reduced pick count, the filling ply used for the shuttle poly-
ester webbings had to be reduced to a single ply, which, according to speci-
fications should only be used in shuttleless webbings where two picks are
inserted per shed. The yarn ply data are given in Table 6. Since develop-
nent of optimized pclyester constructions was not the objective of this
work, we accepted these webbings for the required comparative testing. The
construction results on these polyester webbings imply that a straight
1000-denier substitution for 840-denier nylon i{s not the ideal approach.
Nevertheless, these results do not mean that a polyester webbing cannot be
made to meet all performance specifications with some small changes in con-
struction, thickness, or weight. Clearly, additional construction develop-
ment is necessary to utilize the polyester properties appropriately.

1
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Samples of the three yarns used for the webbings were checked for
denter value. The 2-ply nylon 6,6 (2 x 840 = 1680 denier) was measured as
1719 denier. The nylon 6 (1680 denier) was measured as 1711 denier. Both
of these are only a 2% difference from nominal denier, and judged insignj-
ficant, The plied polyester of two 1000-denier strands was measured as
2274, which is 14% over the desired 2000 denier. One reason for this signi-
ficant difference is that the polyester was yarn-dyed and tested in the
dyed state. Yarn shrinkage during Jyeing resulted in the observed denfer
increase. The nylon 6,6 and nylon 6 denier tests were performed on undyed
samples, which were subsequently piece-dyed in the finished webbing. Yarn-
dyeing is allowed in the specifications, and was used for the polyester
because of unfamiliarity with Thermosol dyeing conditions required for
olive drab polyester. Narricot has suggested using either a smaller denier
polyester, or specifying piece dyeing tu reduce this denier difference,
which has contributed to the need for a reduced pick count in the webbing.

5. Original Tensile Testing

Measurements of tensile strength, elongation, and energy absorption on
all webbings are given in Tables 7, 8, and 9. Average load-elongation
curves of these results are shown in Figures 4 through 75. Also shown for
comparison in these figures are the average load-elongation curves for any
additional treatments. All strength values are within specification except
for three polyester constructions. These are Type VI, shuttleless, resin
coated, 41 1b low; Type X, shuttle, uncocated, 1006 1b low; and Type X,
shuttle, resin cnated, 140 1b low. As discussed in Section IV,4, Webdbing
Construction, the polyester constructions have not necessarily been opti-
mized, and these strength differences are most likely attributed to the
construction, rather than an inherent p-operty of the polyester. Within
each material type, there are no signii cant differences between the
shuttle and shuttleless constructions; ither is consistently higher in
strength,

There is no specification given for elongation. When comparing the
values for shuttle and shuttleless constructions in Tabie 8, there are
again no significant diiferences in elongation between weaving methods,
Considering fiber type, the nylon 6 results scatter about the elongations
of comparable nylon 6,6 shuttle webbings. The value ranges from 86 to 130%
of the nylon 6,6 shuttle constructions, indicating no significant trend for
nylon 6. For the polyester constructions, elongation values are all lower
than the comparable nylon 6,6 shuttle webbings, in the range of 64 to 92%,
with most values falling within 75 to 85% of the nylon 6,6 shuttle webbing.
The polyester webbings show a real difference in elongatfon., Howeve~, be-
cause the constructions are not optimum, the origin of this difference can-
not be clearly attributed to fiber type. Also, the absence of a specifica-
tion for this value, and the clear understanding of its meaning in relation
to actual field use, do not presently indicate this as either an advantage
or disadvantage for the polyester webbings.
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Figure 4. Type 6, Class 1, Uncoated, MNylon 6,6
Original and After Treatment
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Figure 5. Type 6, Class 2, Uncoated, Nylon 6,6
Original and After Treatment
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Figure 6. Type 6, Class 1, Coated, Mylon 6,6
Original and After Treatment
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Figure 7. Type 6, Class 2, Coated, lylon 6,6
Criginal and After Treatment
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Figure 9. Type 6, Class 2, Uncoated, Mylon 6
Original and After Treatment
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Figure 10. Type 6, Class 1, Coated, Nylon 6
Original and After Treatment
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Figure 11. Type 6, Class 2, Coated, Nylon 6
Original and After Treatment
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Figure 12. Type 6, Class 1, Uncoated, Polyester
Original and After Treatment
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Figure 13. Type 6, Class 2, Uncoated, Polyester
Original and After Treatment
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Figure 14, Type 6, Class 1, Coated, Polyester
Original and After Treatment
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Figure 15. Type 6, Class 2, Coated, Polyester
Original and After Treatment
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Figure 16. Type 8, Class 1, Uncoated, Mylon 6.6
Original and After Treatment
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Figure 17. Type 8, Class 2, Uncoated, Nylon 6,6
Original and After Treatment
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Figure 19. Type 8, Class 2, Coated, Nylon 6,6
Original and After Treatcent
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Figure 20. Type 8, Class 1, Uncoated, Nylon 6
Original and After Treatment
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Figure 21. Type 8, Class 2, Uncoated, Nylon 6
Original and After Treatment
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Figure 22. Type 8, Class 1, Coated, Nylon 6
Original and After Treatment
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Figure 23. Type 8, Class 2, Coated, Nylon 6
Original and After Treatment
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Figure 24, Type 8, Class 1, Uncoated, Polyester
Original and After Treatment
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Figure 25. Type 8, Class 2, Uncoated, Polyester
Original and After Treatment
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Figure 26. Type 8, Class 1, Coated, Polyester
Original and After Treatment
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Figure 28. Type 10, Class 1, Uncoated, MNylon 6,6
Original and After Treatment
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Figure 29. Type 10, Class 2, Uncoated, Nylon 6,6
Original and After Treatment
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Figure 30. Type 10, Class 1, Coated, Nylon 6,6
Original and After Treatment
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Figure 32. Type 10, Class 1, Uncoated, Nylon 6
Original and After Treatment
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Figure 33. Type 10, Class 2, Uncoated, Nylon 6
Original and After Treatment
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Figure 34. Type 10, Class 1, Coated, Nylon 6
Original and After Treatment
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Figure 35. Type 10, Class 2, Coated, Nylon 6
Original and After Treatment
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Figure 36. Type 10, Class i, Uncoated, Polyester
Original and After Treatment
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Figure 38. Type 10, Class 1, Coated, Polyester
Original and After Treatment
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Figure 39. Type 10, Class 2, Coated, Polyester
Original and After Treatment
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Figure 40. Type 13, Class 1, Uncoated, Nylon 6,6
Original and After Treatment
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Flgure 41. Type 13, Class 2, Uncoated, Nylon 6,6
Original and After Treatment
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Figure 42. Type 13, Class 1, Coated, Nylon 6,6
Original and After Treatment
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Figure 43. Type 13, Class 2, Coated, Mylon 6.6
Original and After Treatment
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Figure 44, Type 13, Class 1, Uncoated, Nylon 6

Original and After Treatment

BRI R PR L L
- ey

61

e s s S




g 10000
§§ .
\3 ]
g 8000
: _
6000
7~
1))
3 i
5 3
O
3 i
—J
:g 4000
s o Original
Treatment
2000F x Hex bor abrasion
L a Weathering
K a
s
E 4
S \ 1 L 1 N 1 2 ] 1 i
. 0 10 20 30 40 50
]
hy

Elongation (%)

Figure 45. Type 13, Class 2, Uncoated, Nylon 6
Original and After Treatment
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Figure 46. Type 13, Class 1, Coated, Nylon 6
Original and After Treatment
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Original and After Treatment
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Figure 48. Type 13, Class 1, Uncoated, Polyester
Orfginal and After Treatment
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Figure 49, Type 13, Class 2, Uncoated, Polyester
Original and After Treatment
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Figure 51, Type 13, Class 2, Coated, Polyester
Ori{ginal and After Treatment
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Figure 52. Type 19, Class 1, Unccated, Nylon 6,6
Original and After Treatment
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Figure 53. Type 19, Class 2, Uncoated, Nylon 6,6
Original and After Treatment
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Figure 56, Type 19, Class 1, Uncoated, Nylon 6
Original and After Treatment
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Figure 57. Type 19, Class 2, Uncoated, Nylon 6
Original and After Treatment
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Figure 58. Type 19, Class 1, Coated, Mylon 6
Original and After Treatment
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Figure 59. Type 19, Class 2, Coated, Hylon 6
Original and After Treatment
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Figure 65. Type 22, Class 2, Uncoated, Nylon 6,6
Original and After Treatment
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Figure 66. Type 22, Class 1, Coated, Mylon 6,6
Original and After Treatment
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Figure 67. Type 22, Class 2, Coated, Nylon 6,6
Original and After Treatment
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Figure 68. Type 22, Class 1, Uncoated, Nylon 6
Original and After Treatment
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Figure 69. Type 22, Class 2, Uncoated, Nylon 6
Original and After Treatment
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Figure 70. Type 22, Class 1, Coated, Nylon 6
Original and After Treatment
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Results for energy absorption at break are given in Table 9. There is
again no spec for these values. The energy value is computed as the area
under the load-elongatirn curve up to the breaking point, and is presumably
the amount of energy which a webbing can absorb at failure. As these
values are a product of strength and elongation, the results are similar to
those noted above: no significant differences between shuttle and shuttle-
less constructions, no significant difference between nylon 6,6 and
nylon 6, and somewhat reduced values of energy absorption for the polyester
constructions. Most of the polyester energy absorption values fall within
65 and 85% of the comparable nylon 6,6 shuttle values. The same provisions
apply to interpretation of these results - they cannot be clearly attrib-
uted to fiber type because of construction variations, and the implications
of energy absorption data in relation to actual use are not clearly known.

6. Accelerated Weathering

All three of the fiber types studied zre well known to exhibit some
degradation in properties after exposure to sunlight [11]. For nylon, the
degradation can occur by direct disruption of C-N bonds, or by abstraction
of hydrogen atoms from the carbon adjacent to the NH group. For polyester,
degradation can occur by absorption at the ester carbonyl. The performance
of both nylon and polyester is influenced by many factors such as the pres-
ence of stabilizers, dyes, yarn denier or fabric construction. Accelerated
weathering, as an attempt to simulate actual outdoor exposure of these web-
bings, is subject to much variability and has historically been difficult
to interpret with great accuracy. For this reason, as described in the
Test Methods section, we have chosen to weather matched pairs of shuttle
and shuttleless constructions for the best comparison of constructional

effects,

Values for tensile strength, elongation and energy absorption after
accelerated weathering are shown i{n Tables 10, 11 and 12. There is a speci~-
fication of 95% of original strength for all resin coated samples, and no
specification for uncoated webbings. Many values within the nylon 6,6 and
nylon 6 groups are slightly below spec, with averages of the coated values
ranging from 91 to 94%. The behavior of the nylon 6,6 and nylon 6 to the
accelerated weathering exposure is statistfcally equivalent. HNo nylon web-
bings show less than 85% strength retention, and on an absolute, rather
than normalized basis, all show tensile strengths greater than the minimum
original spec. A large part of this departure from spec may be attributed
to the particularly variable nature of weathering, and also to the fact
that weathering was conducted with a Xenon bulb Weatherometer as an ap~-
proved replacement for the carbon arc. The Xenon buldb spectrum, as dis-
cussed in Test Methods, better corresponds to the exposure to sunlight,
which is assumed to be the degradative agent in accelerated weathering.

The coated polyester webbings show average values for strength reten-
tion of 88 and 89% for the shuttle and shuttleless constructions, but these
values are statistically equivalent to the nylon values. Several indi-
vidual coated polyester constructions did show values below 85% (Type XIX
shuttleless resin coated had the lowest value at 81,8%) but because of the
lack of optinmunm construction, this cannot clearly be attributed to a charac-
teristic of the polyester, but may be a function of the construction. The
construction might, for example, provide more severe exposure of the warp
yarns, or shrinkage lmbalance during the wet cycle.
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For all types (nylon 6,6 and nylon 6 and polyester), there is no signi-
ficant difference between the average strength retention of shuttle and
shuttleless constructions, Although there is a weathering specification
for resin coated webbings only, the presence of the coating does not appear
to affect weathering performance. Coated and uncoated webbings perform
equivalently, as may be seen from the separate averages at the bottom of
Table 10. At this level of exposure, coating cannot be considered to im-
prove weathering performance.

For all webbing types, elongation remains close to the original value
with some slight departures. The lowest elongation retention was 86.7% for
Type XIX shuttle, uncoated polyester; and the highest retention was an in-
crease to 117.7% for Type XIII shuttleless, resin coated nylon 6,6, The
average values for each fiber type and weaving method were statistically
equivalent.

Retention of energy absorption after accelerated weathering follows
from the strength and elongation measurements. As noted previously, slight
decreases in strength and elongation can bring reductions in energy which
are, in a number of cases, in the 70 Lo 80% range. (A value as low as 66%
was measured for the Type VI shuttleless, resin-coated nylon 6,6). The
averages of each coated fiber type and weaving method, shown at the bottom
of Table 12, range from 81 to 90% retention. As found for many other treat-
ments, there are no significant differences in average behavior among fiber
types or weaving methods.

7. Hex Bar Abrasion

All webbings were abraded 2500 cycles in the Hex Bar Abrader as speci-
fied in Method 5309 of Federal Standard 191A. This abrasion procedure in-
volves both rubbing and flexing and can, in some instances, result in a
phenomenon which we have called "napping," which is a roughening of the
surface which is not in contact with the hex bar. This surface has many
protruding yarn loops giving it the appearance of a napped fabric, and an
increase in webbing thickness in the napped area. An example is given in
Figure 76 which shows a Type XIX shuttle, uncoated, polyester. Figure Tba
shows the original webbing cross section. Figure 76b shows the webbing
after hex bar abrasjon. The left side was in contact with the bar and
shows some evidence of "normal" abrasion with broken or damaged fibers.
The right side clearly shows large protruding loops, giving an overall
thickness increase. Figure 76¢ shows the napped surface. In this case,
the napping has occurred at the outer edges as evidenced by the long wavy
loops. Warp yarns protruding frcm the webbing plane after abrasion were
also observed by Gardella and Devarakonda [2). They attributed this to a
"raking" action which increased warp yarn criump.

Napping has been studied in some detail [12). It is caused by buck-
1ing of the warp yarns, and can be induced solely by flexing, without an
additional rubbing component. MNapping of the surface occurs only when the
webbing construction happens to permit it. The critical parameters are the
tightness of the weave and, more {mportantly, the relationship between the
"wavelength" of the warp yarn twist and the weft yarn spacing. When a
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match between these dimensions exists, and when the filament yarn span be-
tween restrictions (filling interlacings) is between certain limits, condi-
tions for the development of warp yarn loops is optimum. The construc-
tional limits within which this becomes clearly evident are relatively nar-
row, though it occurs to varying degrees over fairly broad limits.

Table 13 is a detajiled example of these constructional factors for the
uncoated, shuttle version of each weboing type. This illustrates the con-
trolling factor is the number of warp yarn turns per weft yarn intersection.
This is obtained by dividing the warp twist by the pick count, and then
multiplying by a spacing factor dependent on the weave: 1 for the plain
weave, or 2 for the 2 up 2 down twill., The double twill weaves of
Types XIX and XXII1 are more complicated and an approximate value is given
based on a factor of either 5 or 3, respectively.

Of these constructions, those with a greater number of turns per inter-
section show a greater tendency to form warp yarn loops. For the example
given, webbings above approximately 0.3 turns between intersections (consid-
ering the higher factor in the more complex weaves) tend to nap. Table 14
describes the presence or absence of napping for all webbing types. The
double plain weaves (Types X and XIII), with low turns between intersec-
tions, do not nap, while the twill weaves are more prone to napping. The
polyester webbings, with slightly higher warp yarn twist and lower pick
counts show an increased napping tendency. These results should not imply
this is a characteristic of the polyester, as results would differ with
different weave constructions,

Tensile strength, elongation and energy absorption were measured after
hex bar abrasion. Results are shown in Tables 15, 16, and 17. Strength
retention after hex bar abrasion is generally good. There is a specifica-
tion value of 80% original tensile strength retention for all resin coated
samples; and for one uncoated sanmple (Type XXII), a value of 90% of the
ninimum original tensile strength (as opposed to the measured original
value). For all nylon 6,6 and nylon 6 webbings for which there is a speci-
fication, results are within spec. For the polyester webbings, three of
the resin-coated versions are marginally below the spec. These are Type X
shuttleless at 76.9%, Type XIII shuttleless at 74.0%, and Type XIX at 78.9%.
The Type XXII uncoated polyester gave values far below the 90% spec at 56.4
and 43.4% for shuttle and shuttleless webbings, respectively. Two general
observations may be made from these strength data. First, there is no sta-
tistically significant difference for any webbing material (nylon 6,6,
nylon 6 or polyester) between the average shuttle and shuttleless construc-
tions in their resistance to tensile strength reductfon by hex bar abrasion.
Secondly, the Type XXII uncoated webbings, while being unigquely subjected
to a 90% of minimum spec, in coaparative testing, perform similarly to the
other uncoated webbings when normalized to original measured values.
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TABLE 13.

Uncoated, Shuttle Webbings

Example of Constructional Factors in Napping

Warp Turns
Webbing Fiber Twist Ends/ Picks/ tpi/ Between Napping
Type Type (tpi) Warp Inch ppi  Intersections Tendency
Vi Nylon 6,6 2.7 14 22 .123 .2U6 (4]
2 up 2 down Nylon 6 2.9 1y 22 132 ,264 0
Herringdbone Polyester 3.3 114 20 .165 .330 N+
twill
VIII Nylen 6,6 2.7 166 18 .150 .300 N-
2 up 2 down Nylon 6 2.9 166 19 .153 .306 1y
Herringbone Polyester 3.3 165 15 .220 440 H+
twill

X Nyion 6,6 2.7 258 22 .123 .123 0
Double Nylon 6 2.9 257 24 .120 .120 0
plain Polyester 3.4 257 16 .213 .213 0
XIIX Nylon 6,6 2.7 234 24 113 13 o]
Doudle Nylon 6 2.9 277 26 112 12 0
plain Folyester 3.4 282 18 .189 .189 0
XIX Nylon 6,6 2.7 282 18 .150 .150 N

5 up 1 down 150
twill Nylon 6 2.9 2830 20 145 185 N+

.725
Polyester 3.3 280 14 .236 .236 He

1,18

AXIL Nylon 6,6 2.8 264 18 156 .156 (]

(1/3 twill) 468
Nylon 6 2.9 259 19 152 152 N

456
Polyester 3.5 259 14 .250 .250 N

750

0 = No napping

N~ « Slight napping

K = Napping

He = Extensive napping

. wr P vditers

e ———



TABLE 14%. Occurrence of Napping after Hex Bar Abrasion

Webbing Nylon 6,6 Nylon 6 Polyester
Type Treatment SH SL SH  SL SH SL
VI none 0 0 ] 0 N+ N+
resin 0 0 0 0 0 0

VIII none N~ NT N N N+ N+
resin N N 0 R 0 0

X none 0 0 ] 0 0 0
resin 0 0 0 0 0 0

X111 none 0 [ 0 0 0 0
resin [ 0 0 0 0 0

XIX none N N N+ N N+ N+
resin N 0 0 N [ 0

XXII none 0 0 N 0 N H
resin 0 0 0 0 0 0

SH = Shuttle SL = Shuttleless
0 = no "napping"

N+ = extensive "napping"

N « “papping"

N~ = slight "napping"




ad4a
STY3 J0J yajudsuzs wnuyuiw aYqesyidde 2yl ‘QY 0056 JO 98e3uddudd e se passasdxa SYIBUILEC dJe §aEdYquaued U SJOQUNRMNgx
03ds JJO ~x
£6219133NUS = 1S 9733NUS = HS
6°9 0°s 6°2 6°¢€ $*S 9°S uoy3ejAdp paepuels
18 46°68 Ih°06 $1°46 £2°06 12°68 PI3LOD UTEIJ JO OBBJIAY
t°g oLl S €l R°cl 1 €t 9°Li UOTIRTADD pdepuess
heghn 42" Ly 2£°28 3] £L°92 %6°28 pajeodun jo o8edoay
9 8t 9°€2 2°ot S0t 86 g°cl uoi3eiAdp puaepuels
%619 3h89 $£°98 $L°68 26°88 $1°98 sonTeA 1€ Jo dBedaay
9°28 9268 L*16 Lgné 7°26 L0n0L 196 £yOL  hh6  $6901 1'96  L99o! 08 ujsod
=x(n°en) x(1°99) (6°26) (L"16) {L"t01) (o-oot) »% (0056 JO $06)
L'gE 92ty 1°65  h9ES 2°6L G288 LT1g  Eulg 1°l8 6996 6°28 9646 auou TIXX
¥6°8L 0828 1°h6  S901L1L k*88 tlhot L°L6 0691t 9°n6 st L°08 2n66 08 uysad
6°2n t8En h°SE  262n L*9S  n2hw9 1°09 SLiL 6" 19 1591 g8°gh 0129 Juou XIX
N
¥0°hl 7619 0°¢8 8029 L*sg g6nl 6°lg  22hnl 0°08 0969 8°98  S9Ll 08 ujsaud =
€765  662n 8°Ls  neem 198 69nL  9°98  hIEL 1°gg  L8SL S°ng  2hEL auou ITIX
x6°9L  ng6l G'98 6608 0°06 5800t g"t6  LlE£201 1'gg 216 6°t6  nEEOL 08 uysad
9794 9n9n $°gSs  ELlén €98 S196 6°26  S000! 8°66 90501 1°06  S600% auou X
L°€6  Sonn G°66  LIEn 826 869k  9°16 nslh 0°26 L69n L°98  90hh 08 uysaud
0°9% 6602 £ En 1002 L) Lho 946 L99n 1726 [or4:1] 0°56 €984 auou 11IA
¢Teg  eece 2798 0652 L°26 681E 1°€6 691 £°26 £21€ £°26 on2g 08 ujead
0°Lls 99h 1 2°¢eg 666 8°06 h9te 9°66 612¢€ ST 16 [T433 2796 LIEE duou IA
Teuistao qr Teuy8iJ0 QT Teurs8ido qr TeUlSILO QI jeujdiac  QqQt Teuidiso qr (Teuydjaoc 3uawirdJl D0AL
Jo 3 Jo g Jo ¢ Jo g Jo ¢ Jo 4 Jo %) Sujqqap
1s HS 1s HS 1S HS oads
153504104 9 UOTAN 9*9 UOTAN
(sonTeAr G JO 9Bedase) uoisedqy Jeg Xal J493JV (QT) y3IJuduls ATTSUIL  °G1 I8V
N L oy g LT, AL e S QAT By A SEIER = g ¢ W sq;.éﬂ!.ﬂ?hsfm




usaA18 d0de Oy
©6273733NUS = 1S IT[330US = HS

8°9 £°s o°n L°e €°9 1°L UOTIRIAIP pJEPURIS
$5°96 %8°96 %£L°06 L 16 3L°16 $h°hg pPo3eOD UJEIL JO 98BJDAY

€8 n°6t 0"l 86 8¢ L6 UOT3eIASD pJEPURIS
$E° 18 $L°96 £€°16 20°86 4L°16 £0°48 pajeodun Jo afedoay

L8 9°€t 66 0L 0°S ] HOJ3IRTADP PJepuRIS
%6° 16 $8°96 20°16 30°n6 L7116 $L°6g santea 11e JO a8edaay

n°g6 9°he 0°001t g°ne 606 0°82 [HX] 1°ge 6°06 0°82 S'n6 nele ujsdd

g°LL 9°6! 9°L8 <12 o°hg 2°'ne n'eg  gtee g°88 6°92 618 n'se auou TIXX

nt6 e°ee 9°66 Ll°Ss2 116 L°62 1°86 6°92 926 2°92 £°8L  9°ne ujcad

9°98 6°12 0°08 2e°ie 8°€8 8°'ne L'gl g°te €68 g°6e o°lg G112 ouou XIX

1°96 L°he a6 w2 £°68 6°Ll2 L'06 €£°62 G101 0°L2 8°n8 1°62 uisad

oM
(=]

1°88 6°22 0°€2l H'62 0°86 S hE G*10t  L°hE L°96 962 S°16 6°62 auou IIIX -

6°gol 2°he 6°66 9°t2 0°68 6°62 0°66 £°0E g°h6 €°62 €°€g 0°62 uysad

L 1ot s°ne €Lt ntge 9°g6 E£°hE n*€01 O0°EE 6°96 h°Of 9°l8 8°62 auou X

£°66  9°Rre 0°€01 6°€2 0°68 8°62 5°06 f°lE 8°28 $°92 9°sL 622 uysad

6°08 6°61 L°G6 teee £°96 8°0E 2°86 9°2¢E §°06 L7l 9°88 0°ge auou ITIA

0°68 9°te 088 Leee L°26 h°62 9°26 L°82 g8°18 1°62 0°06 6°S2 uysau

n°gg 861 n°9L S°gt G*lg  #oiE 9°96 0°1E g°gg 0°S2 S°E6  6°52 auou IA
TeuydyJo [ TeujdyJo 3 TeuysfJo 3 TeujdiJo 3 TeujdjJo F3 Teuidyao g FERL S EUETRLENTR dAL

Jo ¢ Jo % Jo g Jo % Jo § Jo ¢ SuTQqQop

18 HS s HS 1S HS
J93€3410d g uoTAN 99 UOTAN

(santea g Jo o8eJaae) uoysedqy Jeg x9H J23J3VY (%) uojqe8uord OTISUIL 91 FTVL

e T RGP e e B G T AR R RS A AT T Pl < e o A KA Ve R A ok W VS LR A o e TR [T A0 T P




UIAT3 03dE ONy
£69791330US = ‘IS 2T3IINUS = HS

0°L 0'6 6°8 L9 9°61 uOTIRIASD PULpURIS
$h°€Q £5°68 ¥8°98 L1°6L 40°KL DOIeROD UTEAJ JO ITEUDAY

9°L ecie n6t 6°1t g° Lt uO13BTA3D pJepURIS
£8°Lh $6°€6 $€°LL $8°LL %1°89 pajeocoun Jo aBedaay

86t n°h2 261 2°6 €91 UOFIBTASP puaepueRIS
£9°69 26°1L g1°28 24178l £0°1L sonTea 118 JO 2a8eddAy

Whng  nE6 2716 onit  9°Lg 1601 €°1g  S2it LTtOt 9601 uysod

FA A £on £°09 €51 0°59 10L n'zL 5€6 5°£9 gng auou 1IXX
£°9L 208 6" 16 (s W - 3} 2L 2766 g2t L°€g 2E1lL 8°€9 196 uysad

9°2h €hn 8 €€ 924 8°9% 1244 € ng 2ns 1°19 168 6°n€ 685 auou XIX
59l 295 0°6L L09 5'19 88L €2l Stg 1°6L £69 2°69 €€l uyead

0°96 ot 2°6L 285 L8l 201 €06 986 L*ng 828 ntil n9¢ auou ITIX
676 nsg 1°88 558 508 9E1L  €°16 6221 1°98 9001  2°fl glot ujsau

2 L £ih 9 nlL 809 €°9¢ 2€21 €°16 9Nzl 6°96 1601 2°€L 5501 auou X
9°88 osh 1°66 1€k 9°SL 695 1°98 009 2'L9 o9k 9795 99€ ujssd

1*Ly Le SThh 102 0°18 ons 2°28 185 9°9L S6h 1°€8 SIS auou ITIA
r*0g 922 6°8L 652 £°6L G9€ £°ng L€ 6°9L 962 €8l 12€ uysds

L°9% ént s'ge 88 9" LL nlE 8°hg g9¢ 9°SL €12 2 28 00f auou 1A
“PTI6 TI/at  “FT40 3J/4T  CFTJ0 3j/al TBIJ0 347aT  “BIIO 3J/Ql  “BIJ0 3J/QTU 40965  juomgeadl  99AL

Jo g -1 Jo ¢ -3J Jo g -3 Jo ¥ -3 Jo ¢ -1 Jo ¢ -3 3utqqan

1S HS s HS 1S HS
191S04A1Cd 9 UOTAN 9'g UOTAN

(sontuAa G JO 93eJdAR) UOISBUQY Jeg XdH JIJY (3J/aY-13) uoiaduosqy A8aauz L1 318YL

104




For those uncoated webbings for which there are no specification
values, the uncoated polyester webbings generally show significantly
greater strength reductions after hex bar abrasion than either nylon 6,6 or
nylon 6. This may be seen more clearly when the averages are separated
into two groups, uncoated and coated, at the bottom of Table 15. The low
strength retention values after hex bar abrasion for the uncoated polyester
| webbings cannot be directly attributed to the inherent abrasion properties

of the fiber, but are much more likely caused by the construction. As

noted previously, these polyester constructions are often lower in end or

pick counts and are thus somewhat more flexible. This increased flexibil-
|- ity makes them more subject to the flexing action of the abrader. Presum-
! ably, the resin coating acts to immobilize the webbing and the coated poly-
! ester webbing average values are much closer to the nylon 6,6 and nylon 6.

| Considering the strength retention results in light of the napping

| phenomenon discussed above, those constructions which exhidbit napping gen-

I erally show the most strength reduction. However, this is neither a neces-

} sary nor a sufficient condition for strength reduction, as several <amples

| show 50% retention with no napping and others show 80 to 99% with napping.
Resin coating, in most all cases, reduces the tendency to nap by immobiliz-
ing an otherwise mobile structure. This is particularly evident in
Type XIX which is a 5 up 1 down twill weave which naps, sometimes extensive-
ly, for all webbings in the uncoated state, and is eliminated in all but
two of the resin-coated versions (see Table 1K).

Elongation values after hex bar abrasion are given in Table 16. Elon-
gation is generally comparable to the original tensile elongation, with
overall averages for each material type and construction method ranging
from 85 to 97% of original. There are no statistically significant differ-
ences among fiber types (nylon 6,6, nylon 6 or polyester) or between weav-
ing methods (shuttle or shuttleless) in average elongation retention. With~
in the individual webbings, however, results are quite variable, ranging
from 67% for a Type XIX, shuttle, uncoated nylon 6,6 to 123% for a
Type XIII, shuttleless, uncoated polyester.

The relation between napping and elongation is somewhat more clearly
defined than that for tensile strength. All samples that showed residual
elongations of <80% displayed napping, and all samples that showed greater
than 100% elongation did not. Napping is not always sufficient to signifi-
cantly reduce elongation, however, as napped values ranged from 67 to 98%
of original. One potential reason for the decrease In elongation with nap-
ping is a structural rearrangement which, on tensioning, produces a strain
imbalance. Because of this imbalance, not all of the warp yarn loops can
be pulled straight and premature failure results. For all uncoated polyes-
ter webbings, regardless of napping, the load-elongation curves after hex
bar abrasion are shifted to the right, to higher elongations at equivalent
loads (see, for example, Figures 12 and 13). This shift i{s presumably
caused by structural rearrangement during flexing of the mobile polyester
constructions. Some, but not necessarily all, of these rearrangements are
pulled free during tensioning, leading to premature failure in some cases.
However, the exact nature of these changes would require more careful study
to explain fully.
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Energy absorption after hex bar abrasion is shown in Table 17. As
observed for tensile strength and elongation, there is no significant ef-
fect of shuttle vs. shuttleless construction, and notably for the polyester
webblings, resln coating is particularly effective in raising the measured
values. When considering only the averages of resin coated samples, the
polyester constructions show energy absorption retention comparable to
elther nylon 6,6 or nylon 6. One point should be noted on energy absorp-
tion. As energy absorption is the product of strength and elongation, a
small reduction in tensile strength (still within the 80% original spec)
along with a small reduction in elongation can result in substantially re-
duced energy absorption. Many values of energy absorption for all material
types fall within the 60 to 70% range. Again, the importance of energy
absorption values to actual use should be interpreted with care.

8. High Speed Impact

Results for tensile strength, elongation and energy absorption after
high speed impact cycling are shown in Tables 18, 19 and 20. Webbings were
subjected to 5 impact cycles to 50% of the original measured breaking
energy, and then Lested to failure in a regular, slow speed, tensile test.
Impact cycles and tensile testing were conducted on coated webbings only.
Nylon 6,6, nylon 6, and polyester webbings all showed excellent strength
retention after cycling. All webbings, regardless of fiber type or weaving
method, retained »94% of original strength, with averages for each fiber
type and weaving method ranging from 97 to 100%. There were no significant
differences among nylon 6,6, nylon 6, or polyester nor between shuttle and
shuttleless constructions.

Values for elongation after impact are quite variable, as shown in
! Table 19. Averages for all types within the nylon 6 shuttle and shuttle-
less constructions, and within the nylon 6,6 shuttleless are greater than
90%. Individual types within these sets range from 85 to 105% elongation
retention. The nylon 6,6 shuttle webbings retain, on average, 84% of origi-
nal elongation, because of the variability in these results, however, it is
| not possible to conclude that the nylon 6,6 shuttle constructions are signi-
ficantly different from the shuttleless or nylon 6 constructions.

Elongation of polyester webbings after impact show a significant drop.
They retain, on average, 15 and 76% of original feor shuttle and shuttleless
webbings, respectively, with no significant difference in the behavior be-
tween the two weaving methods. Examination of the load-elongation curves
for the coated polyester webbings suggests a reason for this drop in elon-
gation. All curves after impact cycling show a pronounced reduction of the
inflection point, or shoulder, observed in the original polyester curves
(see, for exaaple, Figure 14 and 15). This inflection point {s normally
associated with crimp interchange. Potentially, a sizable component of the
initial elongation in the polyester webbings results from crimp interchange
during tensioning, rather than straining of the individual fibers. It is
this component which is exhausted during impact cycling. If crimp inter-
change 18 a significant factor, then the less than optimum constructions of
} the polyester webbings make it impossible to form any conclusions on the
] inherent impact resistant properties of the constituent polyester fibers.
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Energy absorption after impact is shown in Table 20. Because of the
drops observed in strength and elongation, average values of energy for
each weaving method and fiber type show moderate reductions ranging from
80 to 94%. Because of the relatively high variability in these measure-
ments, however, the absolute value of these reductions, and particularly
the significance of differences between them, must be interpreted with cau-
tion,

One additional feature of the impact testing which should be pointed
out, is that the Impact energy applied to each webbing is based on the
original measured breaking energy. Accordingly, those webbings with lower
original breaking energy, for example many of the polyester constructions,
received lower impact energies. This factor should be considered in any
further interpretations of this data.

9. Edge Abrasion

buring use within a harness system, the edges of a parachute wedbdbing
are exposed to a variety of hardware components. As the webbing travels
back and forth within the hardware, the ability to withstand repeated abra-
sive cycling at its edges could become an important factor {n performance.
In particular, any differences in the edge construction, such as the pres-
ence or absence of a catch-cord in shuttleless or shuttle weaving should be
considered. For this reason, a test method was designed to subject the
webbing edge to a moderate degree of abrasive wear, producing a small, but
noticeable degree of damage, and webbings were subsequently tested for
changes in tensile properties,

As described in the Test Methods section, webbings were abraded, {in
sets of five, for one minute on each edge. Prior to tensile testing, a
visual assessment was made of the number of yaras abraded from each edge.
These results are given in Table 21, For the shuttleless webbings, two
values are given; the first for the non-catch-cord edge, and the second for
the catch-cord edge. Values ranged from 1/2 to 4 yarns abraded at either
edge. Although this s a rather qualitative measure, there appeared to be
no significant differences between shuttle and shuttleless webdbings, or
between the catch-cord and non-catch-cord ed<es of the shuttleless web-
bings.

Tensile propertlies, after one minute abrasion on each side, are shown
in Tables 22, 23 and 24. Strength retenticn after abrasion ranges from
80 to 100% of original. The thinner, lighter welght wedbbings (Types VI and
VIII) generally show the most strength loss after abrasion, from 80 to 93%.
The most likely reason {s that, for the thinner webbings, 10ss of a singla
yarn represents a larger fraction of the total load-bearing members. Also,
thinner webbings experlence an increased stress at the edge, as a smaller
c¢ross section must support the same normal load. The thinner webbings tend
to lose more threads during abrasion, as shown {n Table 21, but this {s
only a very general trend, and no direct correlation can be observed for
all cases between the nunber of threads abraded and strength loss. There
are no signiflcant differences observed between the averdsge strength reten-
tion of shuttle vs. shuttleless constructions, or among fiber types.
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Elongation after edge abrasion is given in Table 23. Values range
from 73.9% to 111.2%, with most values falling between 75% and 95%. The
general reduction in elongation most probdbably results from premature fail-
ure at slightly lower strengths. Because of the drop In both strength and
elongation, the energy absorption values, given in Table 2%, show average
values for the three fiber types {nylon 6,6, nylon 6 and polyester) ranging
from 70.8% to 92.4%, with fairly large variability within fiber types.
Because of this variability, it is not possible to determine any signifi-
cant differences between shuttle or shuttleless constructions. Of the
three fibers, the polyester may be marginally better in energy absorption
retention, related to a marginally higher elongation retention. As stated
previously, this is not necessarily a feature of the polyester itself, but
rather of the construction, which is generally looser and more flexible.
However, the number of comparisons is small, and these observations should
be considered with care.
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. V. CONCLUSIONS AND RECOMMENDATIONS

| The primary goal of this study has been to compare the tensile proper-
ties of shutile and shuttleless webbings. Tensile properties were compared
originally and after various treatments to determine what effects, if any,
the use of a shuttleless weaving method has on performance. From all of
the results of this study, there were no significant performance differ-
ences detected between the shuttle and shuttleless weaving methods. Orig-
inal tensile properties, and tensile properties after accelerated weather-
ing, hex bar abrasion, impact cycling and edge abrasion are statistically
equivalent for both weaving methods. This conclusion applies to tensile

) strength, tensile elongation and energy absorption at break. Of particular

. importance are the impact and edge abrasion properties. No evidence of the

' catch-cord edge "unzipping" with impact was observed, and no unusual sus=-

. ceptibility to edge abrasion of the catch-cord edge was detected. In all
laboratory testing, Class 2 shuttleless webbings performed equivalent to

. Class 1 shuttle webbings. Based on these results, shuttleless webbings

should be considered for use in Class 1 (critical life support) applica-

tions. However, as a final precaution, we would rezommend actual drop test-

. ing of shuttle and shuttleless webbings before altering the Class 1 spec to
include shuttleless webbings.

A second goal of this study was to compore the tensile properties of
three fiber types: nylon 6,6, nylon 6, and polyster. Of these, only
nylon 6,6 is currently approved for use in Class 1 webbings. From all re-
sults of this study, we found no significant differences in the behavior of
nylon 6,6 and nylon 6. The original tensile properties and after
accelerated weathering, hex bar abrasion, impact cycling, and edge abrasion
were equivalent for the two riber types. One difference between nylon 6,6
and nylon 6 not addressed in this study is the difference in melting point;
265°C for nylon 6,6 and 225°C for nylon 6. These temperatures are far in
excess of any developed as a result r{ the testing in thils study. The po-

! tential for heat buildup during use or exposure to adverse conditions
) should be examined, however, before considering these materials equivalent
| for field use,

For the polyester webbings, several sigrificant Jifferences were noted.

y However, these constructions wWere formed by straignt sudbstitution of

j 1000-denier polyester for 840-denier nylon, and not truly optimized for

| performance. Many of the differences observed ¢ould not be attributed di-

rectly to an inherent property of the polyester fi{lLer, but could have been

significantly affected by the construction. The must notable differences

were: original elongation of most polyester wehbings were about 75 to 85%

, of the equivalent nylon 6,6 shuttle webbings. This gave energy in the

| range of 65 to 85% of the nylon 6,6 shuttie webbinga. Several individual

: coated polyester constructions showed comparatively l1ow tensile strength
values after accelerated weathering (<85%). Polyester webbings showed
slightly increased napping tendency during hex bar abrasion, and in the
uncoated state showed relatively large strength reductions compared to
nylon 6,6 and nylon 6. After impact cycling, polyester webbings show con-
siderable loss of tensiie elongation and energy absorption. In all of
these cases, it nust be emphasized that constructicnal effects could ex-
plain some or all of the differences. Clearly, additional study of opti-
nized polyester constructions i{s recommended.

|
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In many of the results observed in this study, small decreases in ten-
sile strength and elongation after various treatments can lead to signifi-
cant decreases in energy absorption. It is the former, tensile strength
retention, which 1s used in all current specifications. The importance of
a change in energy absorption 1s not at all clear, The interpretation of
energy absorption data could become even more important if webbings, for
example polyester, are constructed to meet all tensile strength specifi-
cations but at a lower elongation, and consequently lower energy absorption.
It is worth noting that Keviar™ webbings have a very low elongation, and
significantly lower energy absorption to break than nylon webbings, yet are
totally satisfactory for use in parachutes. In view of this, it may be
desirable to consider more carefully the meaning of the energy absorption
values by analysis of the conditions occurring during use, and by actual
field drops.

Many of the webbings studied exhibited the phenomenon called "napping."
The occurrence of napping relates to the nature of the test which provides
both abrasion and flex, and is dependent on the webbing construction. Most
of the problems encountered from napping do not relate to fiber type, and
could presumably be reduced by constructional changes.

As a final point, accelerated weathering by Xenon burner, as conducted
in this study, provides weathering more closely approximating the exposure
j to natural sunlight, which is assumed to be the degradative agent in accel-
erated weathering. Because the Xenon art more closely approximates the
spectrum of natural sunlight and represents the most current technology as
specified 1n ASTM D2565-79 for exposure of plastic specimens, this proce-
dure should be considered as a replacement for the current carbon arc weath-
ering requirement.

This document reports research undertaken in
cooperation with the US Army Natick Research,
Development and Engineering Center under

Contract No. A4 o ¥v-C.ovvcy  and has been

assigned No. #ruex/IR-t1/oss in the series

of reports approved for publication.
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APPENDIX

During the course of this study, ten additional webbings, produced by
a polyester supplier, became available for impact testing. Through a modi-
fication of the existing contract, these webbings were tested on the impact
cycling device at the Natick laboratories. The webbings and test time were
furnished at no expense to the Government, and the impact results are sup-
plied as a part of this Final Report. All test methods used for these re-
sults are the same as described in the Test Methods section of the main
report.

The ten polyester webbing constructions are shown in Table 1A. These
are the same types as in the main study, with one additional, Type XXVI.
All webbings tested for impact cycling were resin coated. Webbings were
tested in the normal manner for original tensile properties and then impact
cycled for 5 cycles to 50% of the measured breaking energy. Results for
tensile strength, elongation and energy absorption are shown in Tables 24,
3A and 4A. Al)l webbings show good retention of original tensile strength.
Results range from 95 to 102% of original values. Three of the webbing
types did give absolute values of strength which were below the specifica-
tion value for an original webbing, however. Two of these (Type XII
shuttle, and Type XXVI shuttleless) were below spec in the original values,
and Type XIII shuttleless was only marginally above spec to start. From
the limited number of comparisons avajilable, there is no significant differ-
ence in tensile strength retention after impact between the shuttle and
shuttleless constructions.

Tensile elongation after impact shows a signiffcant drop. Shuttle and
shuttleless constructions retained, on average, 78% and 77% of their orig-
inal values, respectively. There again appeared to be no difference {n
behavior between the two construction methods, shuttle or shuttleless.
Values were quite variable, however, ranging from 62.5 to 86.5% of original.
The load-elongation curves shown in Figures 1A through 10A exhibit the same
reduction of the original inflection point observed in the main report. As
described in the main report, this {nflection point is normally associated
with crimp interchange. Potentially, a sizable component of the initial
elongation in these webbings results from crimp interchange during tension-
ing, rather than straining of the individual fibers. It i{s this component
which is exhausted during cycling, and is substantfally Influenced by the
construction,

The loss of elongation after fmpact is also evident in the tensile
energy absorption which, on average, is 79% or 80% of original shuttle or
shuttleless constructions, respectively. Again there Is no significant
difference between shuttle and shuttleless types. However, the above ob-
servations are based on a very limited number of tests, and the absolute
value of the reductions should be considered with care.

All of the above results are quite consistent with the polyester speci-
men results in the main report.




TABLE A-1. Additional Polyester Webbing Constructions

Webbing Weaving Method
Type Shuttle Shuttleless
A28 X X
VIII X
X X
XIII X X
X1X X
XXIIX X
XXVI X X

TABLE A~2. Additional Polyester Webbing Constructions

Tensile Strength (1b) After Impact Cycling
(average of 5 values)

Webbing Shuttle Shuttleless
Type* % Original 4 Original
VI 3043 99.7 3103 101.0
VIII 4186 98.8
X 10040 102.4
X1l 6160 95.4 6980 97.3
XIX 10180 100.5
XX1I 9690 99.4
XXVI 14630 100.2 15660  102.4
Average 98.4% 100.3%
Std Dev 2.6 1.9

*All webbings resin coated.
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TABLE A-3. Additional Polyester Webbing Constructions

Tensile Elongation (%) After Impact Cycling
(average of 5 values)

Webdbing Shuttle Shuttleless
_Type* 3 % Original 3 % Original
VI 11.8 86.6 12.8 86.5
VIiI 14.6 88.5
X 20.4 75.8
XII1 18.6 70.7 17.4 76.3
XIX 19.2 62.5
XXI1 17.6 75.9
XXVI 17.2 71.5 19.6 3.1
Average 78.3 17.0
Std Dev 8.1 8.6

%A1l webbings resin coated.

TABLE A-4. Additional Polyester Webbing Constructions

Energy Absorption (ft-lb/ft) After Impact Cycling
(average of 5 values)

Webbing Shuttle Shuttleless
Type* % Origina) — % Original
VI 169 82.6 182 81.7
VIII 282 85.4
X 864 85.0
XIII 521 7n.s 522 76.0
XIX 889 69.6
XXIT 718 80.0
XXVI 1055 82.2 1346 83.8
Average 8.7 80.2
Std Dev 6.4 5.1

*All webbings resin coated.
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Type 6, Class 1, Coated, Polyester
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5000

4000

£ After Impact-—

3000
’?E\ ~QOriglnal
0 g
p
O
O
(@)
-
2000
1000
1 1 : ! : 1 . J
0 10 20 30 40 50

Elongation (%)

Figure A-2. Type 6, Class 2, Coated, Polyester
Original Tensile and After Impact
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Figure A-3. Type 8, Class 2, Coated, Polyester
Original Tensile and After Impact
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Figure A-4. Type 10, Class 2, Coated, Polyester

Original Tensile and After Impact
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Figure A-5. Type 13, Class i, Coated, Polyester
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Figure A-6. Type 13, Class 2, Coated, Polyester

Original Tensile and After Impact
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Figure A-7. Type 19, Class 2, Coated, Polyester
Original Tensile and After Impact
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Figure A~8. Type 22, Class 2, Coated, Polyester

Orfiginal Tensile and After Impact
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Figure A-9. Type 26, Class 1, Coated, Polyester
Original Tensile and After Impact
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Figure A~10. Type 26, Class 2, Coated, Polyester
Original Tensile and After Impact
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