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TOREWORS

Thia report, phase II of s study of seam characteriatics, was prepared
by Pionesr Parachute Company, Inc., of Ma.chester, Connecticut, under Air
Force Contract No. aF 33(616)-2807. This contract was injtiated under
Project Number 6065, "Parachuts Perforuancs and Design Studies," and Tast
Number 61512, "Parachuts Stresses and Airflows,” and administersd under the
direction of the iquipment Laboratory, Directorate of Development, Wright
Alr Davelopment Center, with Mr. Alfons Hegele as project engineer.
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ARSTRACT

The purpose ¢f Phasc II of this investigation was to
deteinine the most efficient .cint obitainable; using presently
known fabrication techniques zo join the cords and webbings
gnezified in the centract.

The investigation attempts Y¢ evaluate the most efficient
joint with respect tc fabrication techniquos, as well a3
strength considerations,

The variables censidered were:
1. Type of Joint
2. Size of thread and sewing needle
3. Pattern of stitching
4, Number of stitches per inch

‘The data shows that the most efficient joint im Nylon
Cords of the MIL-C-5040 type is one in which the sad of one
cord is superimposed on the other and stitched with a twc.-step
zig-zag stitch pattern. Thread size and iength of stitching
iz a function of the cord strength.

The most efficient joint in Hylea Cords of the MIL-C-T515
type (coreless) is one in which one of the iree ends of the
cords to be joined is threaded into the other for a certain
distance.and then stitched with a two-astep zig-zag stiteh,

The thread size, iength of stitching and distance which one
end is threaded into the other is a function of the strength
and diameter ¢ tue cord,

The most officient Joint in the nylon webbings that were
tested is one in which the atitching pattern is of two, three,
four or six point configuration. The number of points in the
siitching pattern is a function of the width of the webbing.

The size of the thread and the length of the stitching pattern
are functiona of the strength of the webbing.

Purthor tosbs were conductsd with the =most efficient
webbing Jjoints, to determine if the efficiency could be increased
by the addition of reinforcing webbings and tapes., Test results
show a definite increase in efficiency in the reinforced joints.
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Az & result of ths t2sts; it can be ‘tated that .. miost
afficient non-reinforced webbingz Jjoint is .°€ the tv-, three,
four or aix point configuration, with the aumver of points
depending upon ths width of the webbing, The overall
@effisiency of this type of Joi. < can be raiszsd subatantlally
by the addition of reinforcing webbings, but Chis makes
fabrication more difficult and is more costly,

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER: ?

ROBERT A, BARRERE
Colonel, USAF
Chief, Equipment Laboratory
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I. INTROLUCTION

Phase II covers the investigation of the fabricaticn
meti:;ods and the strength of Joints made with nyion cords and
webbings, presently used . or suspension lines and risers of
parachutaes, The investigwtion attempts to determine the highest
joint efficiency obtainarie, with lewsost aswount of & ~itching,
compativle with the presertly known fabricaticn techniques,

In some cases, the moat efficient Joint iz not the
xost deeired Joint from the standpoint of efficlient and esonomicali
production. Where such conflict arises, the joinis are evaluated

in relation to thelii ease of manufacture &s well as their strength
efficiency.

The manufacturing equipment; necessary for the fabrica-
tion of the required test samples, was selected from regular
production machinaery and set aside for use on this program.

The equipment included the fcllowing machinery:

1. Single needle sewing machine (111 W 151)
capable of stitching with Size "E", "F’,
"FF" and 3 cord thread.

2. 3ingle needle zewing macnine (97-10

capable of stitching with 5, and 8 cord
thread.

3, 2Zig-zag stitch sewing machine (17 W 15)
capable of stitching with Size "E", "F",
"FF" and 3 cord thread.

L4, Miscellaneous equipment, such as, hot
wire cutters; rotary blade cutters,
waxing equipment and small tools,

The testing equipment, necessary to the completion of
the program; included the following:

Pioneer Parachute Co., Inc.

1, Tinius Olsen testing machine capable oF

testing webbings up to 20,000 lbs.
tensile strength.

2. Scott Tester - Model J-2 capable of teating
tapec, webbings and cords up to 500 lhs,
tensile strength.

3, Snott Tester - Model X-5 capable of testing
threads up to 20 1lbs. tensile strength,

WADC TR 56-313 Pt {1 1
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Cheney Brothers Laboratvories

1. Scott Tester - Model Q couable of Lesting
tapes, vwebbings and coréi .. .. 2000 lbs,
teneile sitrength,

Massachusetts Institute ¢f Technology

i. Baldwin Southark Testing Machine capabl..
of testing materials up to 300,000 lbs,
tensile strength,

In additicn to the strengta testing machinery, various
cthar laboratory equlipment is available at Cheney Brvothers
Textile Laboratory. A partial 1list would include conditioning
ovens, twist testers, abrasion tester and various small toois,

The general test procedure conforms t¢ Specification
CCC-T-121b, as outlined in the contract, Wnerever possible
the tests were perfermed undar gtandard conditions, An
exception proved necessary in the testing of the 20,000 lbs.
and 40,000 1bs, webbings. It was necessary to t#3t these
webbings at the Physical Testing Laboratories of the Mass-
achusetts Institute of Technolezy. These laboratories are
noet conditlioned, hence, the webbings were necessarily tested
under prevailing conditions at the laboratory.

The varlables encountered in the manufacture of the
test specimens were:

1, Varying stitches per inch,
2, Varying thread tension,

3. Inabllity of cperator tc malintain
precliss stitch pattsrns on the
heavler webbings,

&, mTight and loose stitching, due to

the webbings becoming hard and
Inflexlble during stitching,

The variables encountered in testing were:

1. Variation in strength, between test
gamnlaa of the sames 16ts, dus 10

inherent variance in wsbbing striength,

2, Strength differsnce due to a variation
in stitches per inch between samples.

WADC TR 56-313 Pt II 2
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YI, SPECIMEN PFABRICATION

3__Xzlon Scrd, MIL-C-5040, Type II and III

The first joint spe.lmens to be fabricated and testsd
vere nylon cords, MIL-C-504G, Type II and III. These tests
are tabulated unde: Series I, Page 21.

Prior experience with this type of cord {core yarns
encased in a braided sleeve) had shown that the highest basic
efficiency was obtained by superimpesing the cord ends, one on
the other, and stitching with a twe step zig-zag., Further tests
were conducted to devermine the optimum leiigth of overiap,
stitches per inch and thread size.

Figure 1, Page 5, shows the comparison of the side by
side vs, superimposed construction. All stitching was done with
Nylon Taread, MIL-T-7807, Type I, Class I, Size "E", 3-11 stitches
per inch counting on side row. Stitching was 1/8 7 3/32 Wide.

The "side by side" construction {"A") yielded an average
strength of 302 lbs. and the stitching failed in all cases,

The "superimposed” construction ("B") ylelded an average
strength of 328 1lbs. and the cord falled in all cases.

2. Nyloa Cord, Coreiess, MIL-C-7515. Type II and VI

This cord is of "coreless” braided construction, The
superimposition method of joining, as cutlined for the MIL-C-5040
type cords, proved less efficient for the "coreless” cord,

Prior experiaence hizd proved that the highest basic
efficlency obtained with this type of cord was obtalned by
t1reading the cord into itself and then stitching with a two atep
2 lg-zag stitch for an cptimum distance. The tests of the
"soreless" type cords are tabulated under Series II, Pages 22 & 23,

3. __Nylon Webbing, MIL-W-5625, 1000 Lbs, and 300C Lbe. t.s,

The MIL-W-5625 webbings were used to test the many joint
stitch patterns, thread sizes and stitches per inch to determine
the most efficient jocint to be used on other webbings. The
various configurations and thelr respective series numbers are
discussed in detail, in another section of the report.

4. Nylon Webbing, MIlL-W-4088. Type X

The MIL-W-4088, Type X webbing specimens were constructed
in the varicus joinits which exhibited superior gualities in the
tests of the MIL-W-5625 webbings.,

It was on the MIL-W-U0B8, Tvpe X webbing thai the first
of the reinforced end joints were teated. (Ses Series XI and XII,

Pages 33 & 3k.)

¥LiC TR 56-313 Pt II 3
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5. Nylon Webbing, MIL-W-4088, Type XVIII

Thg various joints of auperior qua..tises we o Guplicated
in the MIL-W-4088, Type XVIII welbing., The 1.~~~ __ccimens of the

longlitudinatliy reinfoiced jolnts were constructed with the
Type XVIII webbing.

6, Nylon Webbing, MIL-W--787, Type I aud II

The MIL-W-5787, Type I and II (20,000 1bs. and
45,600 1bs. ) webbing jointe were fabricated in accordance with
Series XXIII and XXIV, as shown on Pages 39 and 40, The

reinforced type Jjolnts were not used because reinforced webbings
of suitable wldth were not available,

WADC TR 56-313 PL II 4
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I1X, TEST METHODS

1. Cord Tesis

The nyica cords of 550 “»g, tensile strength and
lower were tested on a Scott Model @ Tester of 2800 1bs,
capacity. The cord specimens of the MIL-C-7515, Type VI,

2000 lba. tensile atrength were tested on & Tinius Clsen
tasting machine,

2. Webbing Tests

The webbing speclmens below & rated strength of
20,000 1bs, were tested on a Tinius Olsen testing machine.
The testing machine had dual ranges of 5000 1lbs. and 20,200 lbs.
capacity, and a jaw separation speed of 4 inches per minute,

The webbing specimens above a ratec strength of

20,000 1bs, were tested at the Physlcal Testing Laboratory of
the Massachusetts Institute of Technology at Cambridge, Massachu-
setts, The testing machine was a Baldwin Southwark Tester of

200,000 1bs. capacity and the jaw separation speed was 3 inches
per minute.

The webbings tested on the Tinlus 0lsen macnine were
hald on webbing holding fixtures in the manner shown in Figure 2.

The webbings tested on the Baldwin Southwark machine
were of loop form and tested over pinas as siown In Filgure 3,

— 1

8

.

Go

Test Arrangement-Tinius Olsen Test Arrangement-Baldwin Southwark

Figure 2 Figure 3
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IV, ORDER OF JOINT EFFICIEXCIFS

The warious joints are presented here with reference
te the moagt 2ffliciznt Joints for individual materials, MNc
attempt is made, at thls poiac, to establish a2 universally
efficient joint. 1In Sectiz:: V, Analysis of Joint Efficiencies,
the various types of Jeinis are evaluated with respect to
establishment of the most efficlent joint for universal usage.

1. Nylon Cord, MIL-C-5040, Type II, 375 1bs, t.s.

The strongest joint obtained with the MIL-C-5040,
Type II cord vieldzsd an average breaki strengih of 355 lbs.
The low was 350 1bs., and the high was 300 1lbs, The average

ifficiency was 77.7%, based on an average control strength of
57 1bs,

This Jjoint was fabricated in accordance with the
Series T type overlap, as shown on Page 21, The lenzth of
overlap ("L") was 6 inches and the thread was Size "F", The
stitch was a two step zig-zag, 5 to 7 stitches per inch,
1/8 ¢ 5/32 inches wide.

Although this proved t6 pe the strongest joint, it

is not the most efflicient from the standpoint of the amount

of stitching used., The next strongest Joint, using the same
gize thread, but only a three inch overlap in lieu of six
inches, ylelded an average breaking strength of 353.3 1lbs,

It 1s evident that the three inch overlap, yielding a strength
of 353.3 1ihs., 18 more efficlent than the gix inch overlap
yielding 355 lbs., all other factors being equal.

2. _HNylon Cord, MIL-C-5040, Type III, 550 lbs. t.s,

The most efficient joint obtained with the MIL-C-5040,
Type III cord ylelded an average breaking strength of 555 1lbs,,

or an average efficiency of 90.2%, based on an averuge control
strength of 615 1bs.

This joint was fabricated in accordance with the
Series I tyge overlap, as shown on Page 2., The length of
overlap ("L") was two inches and the thireed was Size "FF". The
stitch was a two step zig-zag, 6 to 7 stitches per inch,
1/8 * 1/32 inches wide,

The Joint of next highest effilciency ylelded an

averggﬁ%breaking strength of 431,6 1bs,., or an average efficlency
of T8.4%,

Thia Joint was fabricated 1n accordance with the
Series I type overlap., The length of overlap was three 1inches
and the thread was Size "F". e stitch was a two step zig-zag,
6 to 7 stitches per inch, 1/8 ¥ 1/32 inchss wlds,
)
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3. Nylon Cord, MIL-C-7515, T:pe II, 550 lbs, t.3.

The mest efficient joint obtained with vne MIL-C-7515,

550 lbs,., t.s, cord yielded an averages vreaking strength of
590 1bs,.,, or an average efficlienc >f §9.5%, based on an
average coutrol strength of 593 1lus,

This joint was fabricated in accordance with the
Series II type overlap, as shown on Page 23, The length of
overlap ("L") was 6 inches and the length of stitching was
2 inches. The stitch was a two step zig-zag with Size "#"
thread, 6 to 7 stitches per inch counting on the side row,
3/16 ¢ %/16 vide.

The joint of next highest efficiency yielded an
averagg%breaking strength of 580 1lbs., or an average efficiency
of 97.6%.

<t

This Joint was fabricated in acecordance with the
Series II type overlap and was identlcal with the Joint of
highest efficiency except that 3ize "FF~ thread was used in
lieu of Size "F".

b, Nvion Cord, MIL-C-7515. Tvpe VI, 2000 lbs, t,.s,

i 3 ——

The strongest jolnt obtained with the MIL-C-7515,
2000 1lbs. t.s. cord ylelded an average breaking strength
of 2345 1lbs,, or an average efficiency of 97.5%, based on an
average control strength of 2405 1lbs.

This Jjoint was fabricated in accordance with the
Series II type overlap, as shown on Page 23. The length of
the overlap was 6 inches and the leng*- of the stitching was
2 inches. The stitching was a two step zig-zag with Size "FF'
thread, 6 to 7 stitches per inch, 1/4 * %/32 wide.

The joint exhibiting the next highest strength ylelded
an average breaking strength of 2340 lbs., or an average
efficiency of 97.3%.

This joint was constructed the same as the joint of
highest atrength except that Size "F" thread was used in lieu
of Size "FF",

Since the joint stltcned with thne lighier iLnread,
Size "F", ylelded an average strength of 2340 ibs., as against
2346 1bs, for the heavier thread, Size "FF', it is evident that
the joint stitched with the lighter thread, Size "F", is the
most efricient.

WADC TR 56-313 Pt II 8
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5. _Nylon Webbing, MIL-¥-3625. 1000 1bs. t.s.

The mosi efficient joint obtained with the MIL-W-5625,

1000 ibs. t.s. webbing yielcded “n average breaking strength of

1490 1bs., or an average efficiency of 100,9%, based on an
average control strength of 1476 1bs,

This joint was fabricated in accordance with the
Series XXVII, Overlap T,me "A", as shown on Page 42, The length
of the overlap was 6 inches and the stitch pattern was a three
point cross stitch, The thread was Size "FF", 8 stitches per
inch, The joint was relnforced between the webbings by Nylon Webbing,
MIL-W-4088, Type I, 5C0 1bs, t.s.

The Jjoint of next highest efficiency ylelded an average
breaking strength of 1488 1lbs,, or an average efficlency of 100,8%.

This joint was constructed in accordance witn Series
XXVII, Overlap Type "B", as shown on Page 42, The length of
overlap was 6 inches and the stitch pattern was a three point
cross stitch, The thread was Size "FF", 8 stitches per inch. The
joint was reinforced on both sides by Nylon Webbing, MIL-W-4088,
Type I, 500 lbs, t.s,

6. Nylon Webbing, MIL-W-5025, 3000 1bs. t.s.

The most efficlent joint obtained with the MIL-W-5625.
3000 1lbs, t.s. webbing yielded an average breaking strength of
3833 1bs., or an average efficiency of 94,9%, bazed on an
average control strength of 4040 1bs.

This joint was fabricated in accordance with the
Series IV, Overlap Type "C", as shown on Page 27. The length
of the overJap was 6 inches and the stitch pattern was a three
point cross stitcinn, The thread was Size 3 cord, 11 stitches per
inch,

The Jjoint of next highest efficlency ylelded an average
breaking strength of 3746 1lbs,, or an average efficiency of 93%.

This Jjoint was rabricated in accordance with the
Series IV, Ovevrlap Type "C", us shown on Page 27. The length
of the overlap was 6 inches and the stitech patiern was a three
point eroas stitoh. The thread was Size 3 coxrd, 8 stitches

WMy W WVLVWLGD p&l"
inch.

The joint of next highest efficlency yielded an averaﬁe
breaking strength of 3693 1bs,., or an average efficiency of 91.4%.

This joint was fabricated In accordance with the
Series XXII, Overlap Type 'A", as ghown on Page 38. The length
of overlap wWas 6 inches and the stitci pattern was a four point
¢cross stitch, The overlap was reinforced between the webbings by
1000 1b, Nylon Tape, MIL-T-5038, Type IY. ‘he thread was
Size 3 cord, 8 stitches per inch,

WADC TR 56-313 Pt II y
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T._ Nylou VWebbing, MIL-¥W-4088, Type X, 87v¢ lbas, ©,s.

) The mest efficient Joint obtained with tw. ZT.~¥-4088,
&700 1h, nylon webbing, ylelded an average breakingz strength of
9100 1lLe,, or an average efficleacy . $2.5%, based on an average
control strengtihh of 9800 lbs.

This joint was fabricated i1 accordance with Series X VI,
Overlap Type "B", as shown cn Page 41, The thread size was
S cord, 6 stitches per inch, and the lengih of overlap was 8 inches.
The stitch pattern was a U4 point cross stitch and the overlap was
reinforced on both sides by Nylon Webbing, MIL-W-4088, Type XII,
1200 lbs. t.8.

The joint of next highest efficlency yilelded an average
breaking strength of 8620 lvs,, or an average efficiency of 88.0%.

This Joint was fabricated in accordance with Series XXVI,
Overlap Type "A", as shown on Page 41, The thread size was
6 cord, 6 stltches per inch, and the length of overlap was 8 inches.
The stitch pattern was a 4 point cross stitch and the overlap was
reinforced between the webbings by Nylon Webbing, MIL-W-4088,
Type X1I, 1200 1bs, t.s.

8. Nylon Webbing, MIL-W-4088, Type XVIII, 6000 lbs. t.S.

The most efficient joint obtained with the MIL-W-4088,
6000 1b. nylon webbing, ylelded an average breaking strength of
6440 1bs,, or an average efficlency of 100.1%, based on an
average control strength of 6433 1bs,

Thils Joint was fabricated in accordance with Serles XVII,
Overlap Type "B", as shown on Page 36. The thread size was 3 cord,
8 stitches per inch, and the length of overlap was 6 inches.
The stitch pattern was a 4 point cross stitch with the overlap
reinforced on both sides withk 1000 1lb, Nylon Tape, MIL-T-5038,

Type IV,

The joint of next highest efficlency yielded an average
breaking strength of 63C7 lbs., or an average efficiency of y3.1%.

This Joint was fabricated in accordance with Series XVIII,
Overlap Type “C", as shown on Page 36. The thread size was
3 cord, 8 stitches per inch, and the length of overlap was 8 inches,
The S8titch patiern was a Lriple row of zig-zag ctitching, 174 inech
wide,

3

The joint of next highest effilcliency ylelded an average
breaking strength of 6200 lbs., or an average efficiency of 96.4%.

This joint was fabricated 1In accordance with Secxies IVII,
Overlap Type "B", as shown on Page 36, The thread size was
3 cord, § stitches per inch, and the length of overlap was 8 inches,
The atitch pattern was a four polnt cross stitch with the overlap
reinforced on both sides with 1000 1lb, Hylon Tape, MIL-T-5038,

Type IV.
WADC TR 90~312 Pt II 19
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90 }Jylon webbing, MIL‘E"EZST: I!E‘E I, 29}_000 .,‘453 t.s.

The most elficient joint obtainea wirtn the MIL-W-5787,
000 1bs, wabbing. yielded an average breaking strength of 21,000

20
T
AW e

2
This joint was fa-—icated in accordance with Sepies XYIV,

as shown on Page 39. The thread size was 8 cord, 6 stiiches

per inch, and the length of overlap was 10 inches, The pattern

was a six poirt cross ztitch reinforced at both ends by Nylon

10, Nylon Webbiry, MIL-W-5787, Tvpe II, 40,100 1bs. t.s.

The most efficient Jjoint obtained with the MIL-W-5787,
40,000 1ba, webbing, yilelded an average breaking strength of 35,500
1bs.

This joint was fabricated in accordance with Series XXIII,
Reinforced End Overlap, as shown on Page 39. The thrzad size
was 8 cord, 6 stitches per inch, and the length of overlap was
14 inches. The pattern was a six point cross stitch,

11, Nylon Webbing, MIL-W-4088, Type XIII, 6000 1bs. t.s.

The MIL-W-4088, 6000 1b. webbing was introduced into the
test program to determine 1f the results obtained in the tests
of the MIL-W-4088, Type X webbing joints would hold true for the
Type XIII, which is of a similar weave. The results indicate
that the most efficient joints obtained in the Type X weobing
Joints were, in general, the most efficient joints in the
Type XIII webbing tests., The most efficient joint obtalned with
the MIL-W-4088, Type XIII, 6000 1b. webbing, ylelded an average
breaking strength of 6353 1lbs., or ar average efficiency of
86.9%, based on an average control strength of 7313 1lbs. This
Joint was rabricated ia accordance with Series XII, Page 34,

WADC TR 56-313, Pt II 11
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V. ANALYSLS OF JOINIT EFFICIENCIZES

1. Nylen Cords, MIL-C-5040, Types JII and ITI.

IL~L-50&O type cords, core yarns encased in a

e, derive the majo: portion of their strength from
the core yarrs. An increase in Senzile strength, in such cords,
18 realized by the add*tion of core yarns. The function o the
gleeve is not primarily one of strength, but rather, %o hoid
the core yarns in place,

Hence, 1t would appear that the most efficient Jjoint
in this type of cord would be one in which the stitching pattern
encompassed and bound togsther the maximum number of core yarns
in the overlap ends, one to the other.

To illustrate this point, a typical sectional view of
the cord is shown in Figure 4 along with two methods of stitch-
ing the overlapped ends. It is evident from Figure 4 that the
most efficient type of overlap would be one constructed with a
two step zig-zag stitch, 1in which the ends of the cords were
superimposed, one on the other.

After the general congtruction of the joint
determined, the optimum length of overlap, thread s

W
vLJ.I- ca,u. Z
stitches per inch was established by test,

mm

i &u\’i

For the Nylon Cord, MIL-C-5040, Type II, the test data
indicates that the most efficient Joint, on the basis of length
of overlap, thread size and stitches per incn, was the Joint
yielding an average breaking strength of 353.3 1lbs, (77.3
efficient) for three inches of overlap, stitched with Size 'F"
thread as shown in Serles I, Page 21.

For the MIL-C-5040, Type III, cord, the most efficient
Joint was the one yielding an average breaking strength of
555 1bs. The length of overlap was two inches and the thread
was Size "FF". (See Series I, Page 21.)

2. Nylon Cords, MIL-C-7515, Types II and VI.

As explained in Section II, Specimen Fabrication, the
plain overlapping of the "coreless" cord proved less efficlent
than the method of threading one end of the cord into the other
and then stitching for an optimum length,

The joint formed by superimposainz one end of the Type II
cord on the other and zlg~2ag stitching, ylelded an average break-
ing strength of 555 1lbs. for a two inch overlap 1in which the
cord failed. The Joint formed by threading the cord ends, one
into the other for 6 inches and thex zig-zaﬁ stitching for two
inches, yielded an average breaking strength of 59C lbs.

WADC TR 56-313 Pt II 12
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The test data on the "coreless" t pe cords show .ne
most efficient Joint constructiuvn to be or>; in whic*, an end
of the cord to be jolned is thrzaded into anc““:. and then
stitched vith a two step zig-zag stiten for an optimum length,
The length of stitchirnz, the 231re of thread, ané the length
of insertion of one cord intec tie cther, would be 3 funetion
of the strength of the specific cord.

Braided Sleeve

/«/\ N

/

: Core Yarns

Side by Side Superinposed

Cord Joint Comparison

Figure 4

3, Nylon Webbing, MIL-W-5625, 1/2 Inch Wide, 1000 1bs, t.s.

The results of the joint tests on the MIL-W-5625,
1000 1lbs. t.s, webbing, showed the most efficisent construction
to be the reinforced type joint, stitched with a 3 point cross
stitch pattern. This joint utilizes a reinforecing webbing
inserted between the overlapped ends of the 1000 1lb, webbin

and extending for a distance of 1 inch beyond the ends of the
overlap. {(See Series XXVII on the Overlap Type "A", Page U42.}

The next most efflcient constructlon, as indicated by
the test results, utilizes reinforcing webbings on elther side
of the overlap and extending beyond the expcsed ends, for a
distance of 1 inch, This jolnt also usss & 3

On both Joints the thread used was Size "FF", 8 stitches per inch.

The average breaking strengths realized were, 1490 1bs.
for the most efficient jcint and 1488 1bs. for the joint of naxt
highest efficiency. Tne negliglbie difference in strength
realized would nake both jolints equally efficient, on the basis
of strength alone., A more complete analysis of these types of

overlaps, will be made when considering the most efficient joint
for universal application,

WADX TR 56-313 Pt II 13
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4, Nylon Webbing, MIL-W-5625, 1 Tach kide, 3000 ibs, t ...

The test data obtained from the webb_.ng joint _.ests on
the MII-W-5525, 3000 1lts. webbing, shows the muoe exriclent joint
to be a p.ain overiap joint stitched with 3 cord thread, 11
stitches per inch, in 2 2 point -ress stitch pattern. The
length of overlap was 6 inches.

The joinft of next highest efficlency was precisely
the same constructicn, with the exception that 8 stitches per
inch were used in lieu of 11 stitches per inch.

The joint of next highest efficiency was the preinforced
type joint, utilizing a reinfcorecing webbing betieen the overlapped
ends of thne 3000 lb. webbving. A comparison of the vacious ovevr-
laps, here mentioned, will be found in Section VI, Anaiysis of
Webb Joints for Universal Usage.

MIL-W-4088, Type X, 8700 lbs. t.s.

The reinforced type Joint, utilizing a reinforcing
webbing on both sides of the overlap, proved to be the most
efficient joint tested with the MIL-W-4088, 8700 1b. webbing.

The reinforced Joint, utilizing the reinforcing webbing
between the overlap webbs, proved to be the next highest in

efficiency.

The niost efficient Joint ylelded an average breaking
strength of 9100 1bs., whereas, the Joint of next highest effi-
clency in strength realized is sufficlent to favor the doubly
reinforced overlap (Series XXVI, Overlap Type "B", Page 41) over
the joint with the single reinforcing webbing between the overlap.
(See Series XXVI, Overlap Type "A", as shown on Page 41.

6. Nylon Webbing, MIL-W-4088, Type XVIII, 6000 1bs. t.s.

The reinforced type Joint aﬁain proved to be the mest
efficient in the case of the MIL-W-4088, Type XVIII, 60C0 1b,
webbing. This joint was the Series XVII, Overlap Type "B", as
showii on Page 36, and utilized reinforcing webbings on both
sides of the overlapped welbs,

7. Nylon Webbing, MIL-W-5787, Type I, 20,000 1lbs. t.s.

The Joints fabricated and tested with this webbirng did
not include longitudinal reinforced joints., No webbing of
sufficient width was immediately available for use in thesz tssis,
43 a resullb, The webbings were tested with the wrapped end type
or reinfcrcement as described in Series XXIV, Yage 39. These
were also made with the plain type overlap, utilizing 4 point
and 6 point cross stitch patterns.

8. Nylon Webbing, MIL-~-W-5787, Type I, 20,000 1lbs, t.s.

These Joints were fabricated in accordance with the
configuration shcwn in Teble XX.

WADZ TR 56-313 pt II 1
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VI, ANALYSIS OF JOINTS FOR CGENERAL USAGE

l. Basis of Evaluatviocon

Many diffcrent type~ of Joint consiructiocns were
fabricaved and tested. Some of the initial configurations were
eliminated quite readily berause of obviously inferior zualities,
which would be present for any type of webbing or cord iased. The
others were not so easily analyzed. It was necessary, in some
cases, tc rate a Joint of lower strength above one of higher
strengtn on the basis of some factor, such as, a lesser amount of
stitching used, a shorter overlap or a smaller size thread.

O

e 3

|98 98 e

cation, necessity for additional meterials (reinforcing webbings
and necessity for non-standard ma<terials or machinery.

Other criteria for evaluation were facility of fabri

2. Breaking Strength vs. Stitches per Inch

In general, it was found that the breaking strength of a
particular joint was &t its lowest, for a given length of overlap,
if 5 stitches per inch were used. This was not due entirely to
stitch failure. Webbing failures occurred in a substsntial num-
ber of cases where the 5 stitches per inch pattern was used. A
definite increase in strength invariably resulted as the stitches
per inch were increased to 8. It was found that in the majority
of cases, as the stitches per inch were increased to 11, the
strength of the joint was reduced. The data presented in Table I,
Page 16, illustrztes the variations in breaking strength due to
variation in stitches per inch.

3. Compariscn of Stitch Patterns

The following types of stitch patterns were tested:
1, Six Peint Cross Stitch
2., Four Point Cross Stitch
3. Three Point Cross Stitch
4, Spiit Four Point Cross Stitch
5. Box Stitch
6. 2Zig-Zag Stitch - Single, double and triple row
7. Diamond Stitch

The highest Joint efficiencies for the webbhings were
realized in overlaps using the three, four and siax point cross
stitch patterns. Where reinforcing webbs were used in conjunce
tion with the three, four and six point cross stitch patterns,
increases in efficiency as high as 10% were realized,

WADC TR 56-313 pt TI 15
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The advisability of using a three, four or me-. point
cross stitch, zppears to vbe governed by the width o° che webbing
in queation, The results indicate that the use or four point
stitching on the narrow webbing, causes crowding of the stitching
and resulite in 8 strength reduc -lon. This reduction in strength
has two apparent causes; first, a ¢rowding of the stitches into
a smaller area, thus, sxcessively restricting the elongation of the
fivers within the stitch pattern and secondly, bringing ti.e points
of termiraticn of the stitching closer together in the lateral
plane, This results in more fibers being stresssd at a given
lateral line than if the termlnation polnts were more widely spaced,
Hence, for a narrow webbing, one would use a three point cross stitch
rather than a four point cross stitch, This can resdily be seen
by comparlison of the results of the Serles XXV and Series XXVII
testa on Pages U1 and 42,

I, Burned Ends vs. Plain Ends

Tests were made to determine the effect of overlapped
vwebbing ends which were cut with a hot wire on the strength of the
Joint, Conparative tests were made of Joints in which the ovsrlapped
webbing ends were cut with a reotary blade cutter, but were not burned
or seared., Nylon Webbing, MIL-W-4088, Type X, 8700 1lbs, t.s., was
used to make the comparative tests., The joint construction was a
4 point cross stitch pattern, using 6 cord thread, 6 stitches per
inch and an 8 inch overlap, The stitching was carried beyond the
ends of the overlapped webbings for a distance of approximately 1/8
inch., The average breaking strength of the burned end joints waz
8020 1bs, The average breaking strength of thne plain end joints
was 8120 1lbs. The low breaking strength on the burned end joints
was 7900 1ibs, The low breaking strength on the plain end joints
was T940 1bs,

The results indicate that there is not an appreciable
reduction in strength, due to the gtitching passing over the burned
ends of the overlapped webbings. However, it must be noted that the
burning (searing) of the test webbings was controlied, whereas,
webbings burned in production might not receive as careful attention.
This might result in excessive burning and resulting sharp edges at
the webbing ends to cause excesslve thread breakage and resultant
propagation of thread failure throughout the stitch pattern, It 13
therefore recommended that, wherever possible, searing of the
webbing ends be eliminated or the stitching be stopped short of the
webbing ends,

If the stitching is stopped short of the webbing ends,
this will result in a reduction of the stitch lengthh amounting to
approximately 3/8 to 3/4 of an inch, This data indicates that a
strength reduction of 200 to 300 1lbs, may result on a webbing of
1400 1bs. control strength,
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5. Effect of Thread Size

In general, the use of a iarger size t.»as- - 11 result
in an increase in strengiihh 1 all other factors are equal, Table IA
11lustrates tnis trend for the smaller size thresa, Size "E" ¢o

v
N st
Size FET,

It is usually pcssible to reduce the amcunt of stite ing

necessary to obtain a glven breaking strength when a larger size
tiread 1s used,

VII., CONCLUSIOND

1, Nylon Cord, MIL~C- 5040

The most efficlent joint construction for general use on
the Nylon Cord, MIL-C-5040, and other cords of generally similar
constructlion, 1is the superimposed overiap, stitched with a two step
zig-zag stitch., The length and width of the stitch would be a
function of the stremgth and diameter of the cord in question.

2, Nylon Cord, MYL-C-7515

The most efflclent jelnt construction for general use on
the Nylon Cord, HIL-C-7515, and generally similar cords, is the
type in winich one of the joint ends 13 threaded into the other
snd then stitched with a two step zig-zag stiteh for an optimum
length, The length for which one end is threaded into the other,
and the optimum length and width of zig-zag stitching, would be
a functlon of the strength and diameter of the cord in question.

3. Nylon Webbing

On the basls of the test data obtalned, the most efficlent
Joint construction ror general use on the webbings tested and those
of generally similar construction, would be one using a three, four
or six point cross stitch pattern, depending upon the width and
strength ¢f the webbing used. The reinforced type Joints exhibit
the higheat efficlencles, except for the MIL-W-5625, 3000 1lbs,

vebbing, but require additional materials, (reinforcing webbings)
to attaln the higher breaking strengtha,

For a plain webbing joint, with no reinforcing webbings,
the most efficlent construction is that using a three or more point
stitch pattern, based on the width and strength of the webhing

SO e

The lengihh of stitching and thread size would also be a function of
the strength of the webbing.,

For reinforced joints, the most efficlent joint would be
that using the plain joint construction, but having a reinforcing

webbing of suitable width and strength, between the overlapped
webbings,
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TaHRLA TA
THREAD SIZE VS, BREAKING Sy HNGTH

: i

TR'D.ST. . IBREAKING
MATERIAL SIZE IN{"L" :STRENGTH COMMENT
Nylon Cord, ' Two step zig-zag stitch,
MIL-C-5040, 375 1bsl"E" | 6-7 | 3 328.3 ICord falled at splice,
Nylon Cord, Two step zig-zag stitch.
MIL-C-5040, 275 1bs,"F" | 6-7 | 3 353.3 ICord failed at splice,
Nylon Cord, Two step zig-zag stitch,
MIL-C-5040, 375 1bsl,"E" | 6-7 | 6 326,6 !Cord failed at splice,
Nylor Cord, Twe step zig-zagz stitceh.

MIL-C~5040, 375 1bsgl,"F" § 6-7 | 6 355 Cord failed at splice.

Nylon Cord, w0 step zig-zag stiteh.
MIL-C-7515, 550 ibsl,"E" | 6-7 | 3 565 Cord failed at splice

Nylon Cord, . Two step zig-zag sti~ch,
MIL-C-7515, 550 1bsl."F" | 6-7 | 3 571,6 [Cord failed at splice,

Nylon Coxd, Two step zig-~zag stitch,
MIL-C-7515, 55C 1bsl."E" | 6-T | 6 566.,6 |Cord failed at splicse.

Nylon Cord, . Two step zig-zag stitch,
MIL-C-7515, 550 1osl"F" | 6-7 | 6 573.3 Cord failed at splice.

Three point c¢voss s+titch,

MIL-W-5625, . Webbing failed at end of
1/2" w,, 1000 1bs. |"*" | 5 | 6 |1,378

Three poiﬁt cross stiteh,

MIL-W-5625, _— Webbing falled at end of
1/2" w,, 1000 1bs, { "FF 5 6 [1,418 stitching,

MIL-W-5625 Three point cross atitch.

Hebbing falled at end of
1/2" w., 1000 s, |"?" | 11 | 6 |1,328  |55obing falled at en

Three point cross stitch.
MIL-W-5625, Webbing failed at end of

1/2" w,, 1000 lbs, |"FF"| i1 | & 31,297 stltching.
o Three point cross stitch.
MIL-W-5625, Webbing failed at end of

1/2" w., 1000 1bs, | "F" | 8 | 6 [1,432  |stitching.

Thirae point cross stitch,
MIL-W-5625, Wehhing failed at end of
1/2" w,, 1000 1bs, | "FF"| 8 | 6 |1,470 stitching,
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The reinforced joints, using a longitudinalliy reinf-.ced
weboing, are of two types, One type uses the reinforeing .ehbbing
between the overlapped webbings ana extends fur a cert> .. distance
beyond the ends of the overlap,

Tue other type .. .ungltudinally
reinforced Jjeint uses t<o reinforecing webbings,

cne on each side
of the overlap and =oxtending beycn® the expoged onds for a certain
distance,

In gencral, these two types of reinforced Joints are of
gubstantially the same efficiency. One exception would be the

MIL-W~4088, Type X, 8700 1bs, webbing, where the strength of the
doubly

1y reinforced joint exceeded the strength of the singiy
reinforced joint by approximately 500 1lbs,

The other type of reinforced joint {wrapped ends) are of
tvwo types., The first type uses a reinforcing webbing wrapped
laterally arcund tn.e exposed ends of the overlap. The second type
uses a reinflorcing webhins layed laterally on the top and bottom
of the overlapped ends. Bocth of these reilnforced joints are of
substantially the same efflciency.
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TABLE II

————— —

Cord Joint Test - riage If -~ Sep.==s 7

20 AT'—“—_ _ "L" _ gn "‘—“—’i
!
1 2
Q |
+ 1/32
Two step zig-zag stitch, 1/8 - ¢ wlde, 6-T7 stitches per incn,
counting on side row.
g JZ\VI‘VAVKV— -: -— -_: IRVAVAVAV‘J B
BREAKING
NYLON CORD THREAD STRENGTH [EFF,
MIL-C-5040 MIL-T-7807 |{"L" 1BS. % COMMENT
Type 11, Cord falled at end of
375 1bs. Size "E" 3 328.3 71.8| splice.
Type 1I, Cord failed at end of
375 1lbs, Size "E" 6 326.6 71.5| splice,
Type 1I, Cord falled at end of
375 1bs. Size "F" 3 353.3 77.3| splice.
Type 11, ) Cord failed at end of
375 1bs. Size "F" 6 355 77.7| splice,
— Cord failed at end of
Type IIiI, splice on one specimen,
550 1lbs, Size "E" 3 350 63.4) stitehing failed on rest.
Cord falled at end of
Type III, - splice on one specimen,
550 1bs, Size "E 6 | Ws 67.5| stitehing failed on restJ
Type III, Cord falled at end of
550 1bs. Size "F" 3 481.,6  |78.4] splice.
Type 111, Cord falled at end of
550 1bs. Size "F" 6 455 74,0 splice.
Type I, Stltching failed on all
375 _1bs, Size "E" 2 273 59, 7| samples,
Type II, Stitching fallea 'n all
375 1bs. Size "F" 1 259 54,71 samnles,
Type 111, Stitching falled on all
A50 1bs. Size "F" 2 407 66,2 samples,
Type III Coiq failedl%t end of
- <L aplice on a
550 1bs. Size "FF" 2 555 90.93 aggples.
WADC TR 56-313 Pt II 21
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TABLE 3.IX

CORD JOINT TESTS - PHASE ITY - StRIES II

PN S |

3 C nA/\[A"RXUTA"?[:_
¢ LYVVVY YV YV
BRE&KING
NYLON CORD THREAD STRENGTH EFF.
MIL-C-7515 [MIL-T-7807 |"L"|(AVERAGE) COMMENT
Type II . i
550 lbs, Stze "E 3 565 95.3Cord failed at end of splice,
Type I3 , .
550 1bs., Size "BE" 6 566,6 95.5Cord falled at end of splice.
Type II
550 1lbs, Size "F" 3 571.6 g5.4Cord failed at 2nd of splice,
Type 11 | g
556 1bs, Size "F 6 573.3 96.7|Cord failed at end of splice,
Type VI
2000 1bs, | Size "E" 3 |1,345 55.9Stitching failed.
Type VI
2000 1bs, | Size "F" 3 {1,530 63.5Stiteching failed,

MIL-C-~7515, 550 1lbs. t.s.
Control » 593 1bs.

MIL-C~7515, 2000 lbs, t.s,
Control = 2405 1bs,

22
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TARLE IV
CORD JOINT TESTS - PHaSE 1II - SERIES IX

—

\ AAA AL
r\l VVvVvy

| uBn_\ \__ nan

AVERAGE

NYLON CORD| THREAD BREAKING EFF.
MIT-C-7515 IMTL-T-7807 |"L"| STRENGTH |["S"| &% COMMENT

Type VI,

; 2000 1bs., g 6 2340 97.3| Cord failed at "A".

[aV]

Type VI,
- 2000 1bs. "pp" 6 2346 2 {97.5| Cord failed at "B".

- Type II, Cord failed at end of

T 1S I R PR WP T N P S 2 VR T R N A T R
)
L
o\

|
I
|
|
I
{
|
Lo
A~

560 1bs. gt 6 590 2 {99.5| stiiching,
Type I1I, —t Cord falled at end of .
550 1bs, Fr" 6 580 2 197.8| stitching., \

MIL-C-751%, 2000 1lbs,t.si
Control = 2405 1bs,
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