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1 ABSTRACT

\\sAn investigation and test of cores used in purchase cable for aircraft arrestment
gear is made to determine if there is a core material superior to that presently
used. Consultations with representatives of the wire rope industry and acknowl-
edged authorities in the field of fibre testing, research and development are
_conducted. Wire rope core materials are selected and teuvted. Recommendations are
made, with requirements for further testing, of possible superior substitutes.
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ABSTRACT

An investigetion sand test of cores used in purchese cable fur
eircraft srrestment gear is made t¢ determine if there is & core
materisl superior to that presertly used. Consultations with
representatives ¢f the wire r¢ye industry sand acknowledged author-
itiee in the field of fibre testing, research and develupment are
conducted. Wire rope ccre naterisls are selected and tested.
Recormendaticns ere made, with requirements fur further testingz, of
pos:sible superior substitutes.
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I. INTRODUCTION

This atudy is concerned with the fiber core of the wire rope that
is used in the purchsse cables of aircraft srrestment gear. The
natural f'iber material, currently specified end used, exhibits
e tendency to shred eand this sign of deterioretion necessitetes
esrly renewal of the ceble.

A search for a better core materisl is pursued in contacts with
the wire rope industry, which includes suppliers of cores and fibers.
Consulim!ions with ncknowledged authorities in the field of fiber

testing, research end develomment are conducted. Ssmple core materials

are selected, manufactured end tested on the basis of theoreticesl
ceuses of the problem of deterioration.

Test results snd other sveileble performence dets sre rresented.
Recommendat.ions are mede regarding the most promising matérials to
employ as substitutes for vegetable fiber core.

II. SUMMARY OF FROCEDURES AND RESULTS

A. Wire Roje Menufacturers. The problem of finding en improved core

materisl is pursued with seversl of the leading suppliers of wire
rope for purchase cebles. Their favoreble response to the purpose of
this study and their contributions to & solution to the problem ere
brought out in the Text.

B. Core Manufactwers. Similer contects sre mede with the

major suppliers of core stock. It is axiomatic that the successful
gubstitute core will be one developed by one of the msnufacturers,
with some technicel aid or guidance from sources outside the industry.
Here again, response is favorable and the regults are detsiled in the
Text.

C. Coutacts with Research Activities. The core problem is discussed
with the head of resesrch in a leading technicel institute and with
the technicel marketing representative of the mejor supplier of syn-
thetic yarns to the rope industry. Results are presented in the Text.

D. Visit to the Nevy Rope Welk - Boston, Massachusetts. The head of
this reseerch activity of the Navy supplies expert guidsnce end advice
as shown in the Text. '

_.'
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E. Selection of Testi Ssmples of Core Malerinls. As & result of dis-

11962 PAGE 111

cussions with the core menul'scturers, » meeting is arrenged with the
Technical Committee of the Cordage Institute The materisls ‘o be
monurnctured (and tested) sre selected and the menufscturer of esch
is designated. Tects are discussed sand recommendstions ere mede to
conduct specific tests as discussed in the Text. A commerciel test
agency with capehbilities in the fleld of rope shapes is celected.
The scope of the tesus ic discussed with Lhe seleced agency end
suggestions sre ofered for their adaptation to meaningful tests.

F. Teste snd Reaud'r. Ve mmterials which sre tested snd the tests
wvhich are conducted sre as follows:

Materinls Tes ts

3isnl - base reference Compressibility

Monila - base reference Stretelh and Recovery
Folyethylene Dyrsmic Flexing
Folyyropyliene Abresion resistence
Nylon Coefficient of Friction
Dacron Softening Foint

Fequirements for the specific tests are developed with the
United States Testing Compeny, Inc. and sre described in detail in
the text. Cn the basis of these tests the core materisls sre

evhnlmated. Ercu lest was £caled with @ reting of 1 to 5. A rating -

of 5 was the highest reting end s rating of 1 was the lowest. The
compressibility and dynsmic flexing tests were multiplied by e
fector of 2 since theece were felt to be more importent than the
other tests. The sum of these retinke would indicete the materiel
with the highest evaluwetion. Below sre the resulte:

Dscron 34
Kylon 32
Folyprepylene 27
Folyethylene 24
Sisel 23
Menila 23

III CONCLUSIONS
The results of the evaluaticn of the tests shew thiat dacron,
nylun and polypropylene, in that ourder, would be the materisls best
sulted as wire rope core fur the purchase cable.

These tests did nut evaluste many of the factors which might

influence the perfermance of the wire rope core. Some of these factors

are?

-

MAEC- ENG- 71,51
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r 1. The iniluence o tension, dynaemic flexing snd hard and soft —l
laid rore (n the transverse stiffness of tae core.

2. The influence of tension, lubricetion #nd hard and soft laid
rope un the {lexioility of the core.

3. The influence of lubri~ation and hard end soft laid rope on
the resistance tu abrasion and shear of the core.

L., The influerce of length of time for recovery after release of
load tu abrasion and shear of the core.

In the light of the above, it 1s felt that no definite conclusions
cait be made as tu the must suitable wire rope core materisl without
adaiticvnal testing.

IV RECOMMENDATIONS

It i1s recommended that purchase cable bhe made up with dacron
core, nylon core and polypropylere core for full scale tests on an
sircraft arresting engine. It is also recommended that additionsl
testing be done on wire rope core materials to evalumte Cther
influencing factors, enumeraled above, on core performance.



AND-NAEC. 2455 (REV. 7+63) NAEC-ENG TL6)
PLATE NO. 11962 PAGE v

r 1

vV TABLE OF CONTENTS

Section ' Page
1 L IPJTRODLBTI ON llllll LI I I LI I I I I I I I B I I TR I I I I B A ) 11
II. SUMMARY OF i*ROCEDURES AND RESULTS........... &6 s e i1

A. &ckgmmdlltnillll-.loti ------------ s e e s drpeoeeae

B. Wire Rope Menufacturers......ccieevevernnncnocnas

C. Contacts with Research Activities..........
D. Visit tc Rope Welk - Boston, Mess...............

E. BSelectiun of Test Samples of Core Materiels.....

F. Tests end Results...ceeeerercisncrsoscsssonnnncnns
III. cmmIoNsllllll..llll-ll...‘.-2'0.'-0.--...!“-..‘ 111
Ivl mmmTIONS LI L B I I DN IR IR I I IR I TN I IR RN I I I I I IR I IR I ) 1v
v‘ TAm OF CONTMS--------o---oa--no--a-----o---aa-.n v
VI- LIST OF F‘IG(’RES. LI I RN I B BN Y I I RN NN U I I IR IR R IR IR R R N R R IR BN I BN Y ) vi
VIII LIST OF ums ® 8 0 8 "0 800N ; @ 8 8 0 0 0P 40 e Vi
VIII. REPORP m L B B BN DN I IR B IR L DR BN B DN I I I TN I B B BRI I BN SO RN Y 1
Ix. mmREmES....'!...".'I'l"'!...'IO.'I..'II."‘II" 25

Al APPme A - TEST DATA AND mmmnoms..-.-..-..... Al-l



AND-NAEC. 2458 (REV. 7.63) NAEC-ENG 7461
PLALE NO. 11962 PAGE vi

r B

YI LIST OF FIGURES

Fluure Fage
1. Test Apparstus - Compressibility 26
2. Test Apperustus - Stretch and Recovery 27
3. Tes. Apperatus - Dynamic Flexing 28
h. Test Apm.r'a tus - Abresion Resistance 29
5. Test Apparstus - Coefficient of Friction 30
A. Tes' Apparatus - Bf’ect of Hemt on Deformation 31
7. Resistance to Squeezing - T0° P. 32
3. Resistance to Squeering - 120° F. 33
9. Resistance to Squeezing - 180° P. 3k

10. Elongation Vs. Loed - As Received 35
il1. Elongation Vs. Load - Pre-stressed 36
12. Recovery Vs. Elonga:icn - As Received 37
13. Recuvery Ve. Elongation - Pre-stressed 38
14  Dynamic Flexing - 3" Pulley 39
15. Dynamic Flexing - 12" Pulley Lo
15. Abrasion Resistsnce - As Received IR
17. Abrassicn Resistance - Immersed in Water L2

VII LIST OF TABLES

Table Page
I - Fhysieal Properties of Test Rope h3
II - Coefficient ot Fricuion ' Ll

III - Effect of Heat on Deformation 45



4ND-NAEC.2455(REV, 7.63)

PLATE NO.

r

11962 PAGE 1

VIII REFPORT TEXT

A. Background. The design or arrangement of wire rope, consisting of

NAEC-ENG 7461

-

vires, strands and core, is called the construction. The clessification

of wire rope is the numerical deslgnetion of construction; it defines
the number of strends placed around the core as well as the number of
wires in eacn individusl strand. The core of a wire rope supports

the wire strende end meinteins the position of strends during movement
involving hending and loed stresses.

There are many designs of wire rope construction to sult a large
veriety of applications. An srrangement of few wires of large size
provides greater resistance to sbrssion. One thet is made up of more
vires of small diameter gives more flexibility. The make-up of the
core is such that the necesssry degree of flexibility asnd longevity
of the wire rope is satisfied. Thus the design is e compromise of
component factors. The most successful design for e specific applica-
tion is confirmed by experience with it in the field where the wire
rope 1c subjected to extreme wesr and destructive forces.

The wire rope thet is used in the purchesse cables of sircraft
arrestient gear on board alrcraft cerriers must withstend high stress
end endure wvhat could be called maltreatment. The severe conditions
are unalterable, however, so that if better wire rope pertormance is
to be atteined it will be sccomplished through improvement in the
quality of componenis. For study purposes we will concentrste on
one size of purchase cable wire rope, namely:

a. Diemeter 1-3/8 inches

b. Construction 6 x 19 (or 25 if the filler
wires are included)

c. Core Manila and/or Sisal

d. Specification MIL-W-81178 (WEP), 9 Pebruery 1953

e. Brealing Strength 175,000 1bs. minimum

As stated above, this wire rope is subjected to very high
stresses. After repested loeding the natural fiber core tends to
shred, menifested when bits of core materisl are expell . between
the wire strands. This occurs early in what is considered to be
the normal life of the wire rope, when the individual wires have
not yet begun to fail. :
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r After decades of successful performence, the natural fibers have, l
here, reached their limit of capability, in this one. very strenuous
application. Now the question i1s ore of finding a sstisfsctory
stbotitute., Is there a synthetic fiber now used commercially that
will have grester resistance to shredding end perform well in sll other
respects? Is there a fiber yet untried that can be sdapted to the
purpose? What are the qualities and choarecteristics needed in a fiber
that will be made into 2 core shepe, 1.e., those considered essentivl
to successtul performance? In comparison of various fibers after they
are made into cores, what sre the relstive values of the qualities
that can he properly messured and usefully assessed?

Report, reference (a), is ihe only availsble modern documentation
on the subjenrt ¢f wire rope cores. The recommendstions mede in that
Report regsrding cores, which are pursued in this study, are:

1. The core will be designed for the maximum transverse stiffness
consistent with strength requirements.

2. The core materjals will be chosen for the least possible
friction.

In general, int'ormation on cores of wire ropes has been developed
and retained by privete industry only. The wire rope manufacturers
rely on the successful designs of cores, developed by the cordage
menufacturers, when they order cores from them. This has also been
the apyprosch, until recently, by Defense Department activities where,
for example, (see Specificetion, reference (b)) the core is described
in very geners)l terms, specifying the use of clean, uniform, hard
fiber (manile and sisal) in commerciel use. The high quality of the
cores has met the needs and requirements of the wire rope manufacturers
in the past and the subject has not been discuesed in technicel writings
available to anyone outside the industry.

Quite recently new specifications for polypropylene rope and
core have been issued. See references (c) and (d). Therefore, s
far as information on cores is concerned, we stert with almest a
blank page. The word "almost" is used becsuse there is s vealth
of information available on ropes. In the use of this informstion
ve must keep in mind that elthough all cores are ropes, only specially
dezigned and constituted ropes cen be classed as proper cores.

A number of sources of information and technical detas on ropes
sre listed in Section IX. Pertinent extractc from them will be used
and identified throughout this report.

B. Wire Rope Manufacturers The manufacturers listed below heve been
approached to obtain information on new developments in the industry.
They heve been informed that a study of core meterials has been
initiated and mutual discussions were suggested. These companies,

on the l1list of suppliers of purchase catbles, are:
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Americen Chain end Crble Company
Americen Steel snd Wire Company

N Bethlehem Steel Company
Broderick and Bsscom Compeny
Donald Ropes esnd Wire, Ltd.
Jones and Laughiin Steel Corporstion
MacWh; te Wire Rope Compeny

Visits to the MecWhyte, American Chain end Ceble, and Bethlehem
companies have provided a broad view ss to whst new core materials
are in use and what sdditionel ones are under considerstion.

Polyvinyl has been tried as & core fiper but without complete
success. Its pronounced resistance to chemical stteck is not essen-
tial to purchese cables. In rod form its loss of flexibility st low
temperatures and its tendenc; to stretch, when being closed into the
wire strands, ere fectors that disquelify polyvinyl as a possible
core. From anrother source in the chemical industry, it is learned
that the molecules of polyvinyl do not properly orient themselves
during the extrusion process eo thet the type of polyvinyl thas
otherwise could have use?ul qualities for core use falls to attain
strength. Polyvinyl-covered sisal has been tried with some success
bul hes been displaced by polypropylene. One compeny hes tried the
polyvinyl-covered fiver core wiith the fiber unlubriceted end lubri-
cated. In the first irstence the fiber fails because of dryness and
in the second case the lube bresks through the polyvinyl jescket and
mekes the core non-concentric. Both designs are pronounced unsuc-
cessful.

Folyethylene ~>re in the solid form does not elongete in the
closlng process (where the wire strands sre formed around the core)
but it has too much initial hardness end becomes harder with age.

One attempt hes been nmede to impregneste fiber core with poly-
vinyl plestic, using no lubricent. This proves unsuccessful.

Nylon core 1s successful but is ccnsidered to be too costly,
especielly after the introduction ef cheeper polypropylene. No
adverse reports on nylon performence have been maede however.

Glass fiber has been rejected by the wire rope manufacturers

for the resaon that it is prone to brittleness after repeeted bending.

Further consideration is given to it hereinafter.

There are no reports in the wire rope industry that Teflon core
hes been produced or tried.

Polypropylene is the synthetic fiber currently in most universal
use a8 a core. It is considered to be the most successful substitute
for vegetable fiber. The reported advantages are:

NAEC-ENG Tu61
11962 PAGE 3

~
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Filaments are uniform in size

Does not sbsorv moisture

Regists acids and oil

Has good resistance to sbrasion

Has light weight

Can be extruded in filsment form by the

rope manufacturer from chemicals supplied in

hulk by any of e number of sources

g. Only 3 to 6% by weight of lubricent 1s needed
compared to 10 to l4% used in vegetable fiber cores.

h. Hes greater strength than natursl fiber

e D N Ty

The one disedvantage, reported and considered to be minor by the
vire rope manufacturers, is thet the polypropylene must be used with
casution wvhere high hest is experienced. An exemple of one manufac-
turer's concern in thie matter is his rejection of its use in lerge
size wire rope for general use. The uncertainty of the neture of
applicetions after the reel leaves the plant, especially as regards C
high heat exposure, is the reason for this action.

The high hest factor will be given further treatment in thise i
study not only in reletion to polypropylene but also as regerds all
synthetic fibers. : . [:

The severel wire rope manufacturers whose plents have been
visited apply most, if not all, of the following list of factors in
their specifications for core menufacture:

a. Virgin materiel only.

b. Monofilament (reletes to size) I
Fine - nominal 6 mils (.006")
Coerse - nominel 12 mils (.012")

¢. Multifilement - commerciel
Several 2 or 3 mils filements are twisted to-
gether to meke 6 to 12 mil filements. ;

d. Use of stebilizers for heat and light.

e. Nominel diameter of core with & stated tolerance.

f. Required veight per foot

g- Required density

h. Amount of lubricant

1. Lay length . '

J. Specificetion, MIL-P 24116 (Shipse), for certain
Defense Depertment orders

There 1o no syecificetion uwsed, gererally, for tensile strength
or sodulus of elestdcity. The tightness of twist is e matter of good
prectice. One msnufecturer stetes thst no difference in weer resis-
tance has been found between fine end coerse filsmants. The same
diemster of core is wed for both naturel fiber end for polypropylene.
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One menufscturer uses multifilement polyyrojylene in elevator
cables. Another will not use polypropylene at all in elevator cables
because of a lmck of experience with the materiel in all spplications.
This indicates some reservation in acceptance of the materisl for the

time being.

-

The size of polypropylene core hes been established in the industry
at one-half the diameter o the wire rope in which it is used. This hes
been found to he 8 successftd size .0 prevent the wire strands from

locking into each other.

It is & size thet, coupled with the trens-

verse compression strength of polypropylene, minimizes the tendency

of the core to form & pronounced star shape when closed into the wire
rope, This transverse strength derives not only from the fiber itself
but. also from the density and twist tightness of the core produced in

its menufacture.

Typicel set of catalogue literature frbm e mejor wire rope menu-
facturer 18 included in Section A of Design Deta Report Number 1316,

reference (e).

C. Core Manufacturers

The discussions with the core manufacturers focus attention on
precisely what materisls ere available and what untried materiels may
prove to be successful. In Section B
reference (e), the information and the edvice from one of the mesjor
companies reveal that there sre & number of fibers thet have slready
been used with satisfactory results.
propylene ls the leader in commerciel espplicetions. The consensus of
all rope mesnufacturers is that one or more of the synthetic fibers
novw- used in ropes snd in cores will prove to be setisfactory substitu-
tes for the sisal cores now used in purchesse cable wire ropes.

of Design Deta Report Number 1316,

Because of its lower cost,poly-

The following tebles list the averasge values of breeking strength
(pounds) and weight per 100 feet as contained in manufacturers' cete-
logues for a 5/8 inch diemeter fiber rope. They show the synthetics
to have greeter strength and more satisfactory weight velues then the

vegetable fibers

Rope - 5/8 inch dismeter

Breeking - Strength - Pounds

ANV £ DD -~

Sissl

Manile
Folypropylene
Polyester (Decron)
KNylon
Polyetheylene

3,520
k,koo
6,000
9,500
9,700
5,200
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Weight - Pounds ler 100 Feet

1. Sisal - 13.5
2. Menila - 13.5
3. Polypropylene - T.5
L. Polyestver (Decron) - 13.0
5. Nylon - 10.3
6. Folyethylene - 8.1

Tre catalogue literature lists the following areas in which
synthelic fibers perform well:

Durability

High shock absorbercy

Resistance to moisture, rot, mildew, decay and
fungus growth

Flexibility

Ability to stretch sand recover

Resistance to abrasion

Can be readily stabilized against normal heat
and light effects

-

—~N O\ &

¥ Actually, menils nas the best stretch and reccvery characteristics
in published literature.

In the characteristics listed below, -the rope literature shows
slight differences between the values assigned to the various syn-
thetic fibers. As e result it is planned to obtain compsrative data
on the following in tests of semple cores:

1. Elongation and recovery, involving permanent
stretch.
2. Abrasion resistance.
3. Coefficient of friction
L. Performence at high ambient tempersture with high
heat generasted by working.
One importasnt characteristic, resistance to transverse compression
or squeezing, is not evaluated in cstalogue litersture. It bears a
direct relationship to breeking strengih but will nevertheless undergo
further 3crutiny in this study. This is a charascteristic uniquely
significent to core materiasl beceuse the core must support the wire
strands.

Catelogue literature and a product chart supplied by one of the
three major rope (end core) manufacturers is ineluded in Section C of
Design Deta Report Number 1316, reference (e). It must be borne in
mind that the information pertains tn ropee, not cores specificelly.

The core suppliers have recommended that the Technical Committee
of the Cordage Institute be included in discussions of the problem
herein. A meeting is srranged and the outcome is discussed in
Section F below.

L . -



AND-NAEC-24S5(REV, 7.63) NAEC-ENG T4h1
PUATE NO. 11962 PAGE 7

r i

D. Contacts with Research Activities

Informatior obteined thus fer indicates thast successful synthetic
fibers are aveilable, that they cen be made inte rope shapes =nd thst
the possess qualities that make them eppear superior to the standard
natursl fibers in many respects. The question then remains, h:w well
will they functior as cores for wire rope? iHow do they compare?

In su efforl to narrow down the trield of evelustion of character-
istics, it appears advisatble tc consult knowledgeable sources engaged
in research on synthetic Tibers or ropes.

1. Navel Applied Sciences Laboretory, Brooklyn, New York

t the Applied Sciences Leboratory there is & continuing
program of fatigw-testing 3/4" dlsmeter wire ropes using various
core materisls, working them over various size shesves. The smount
of lubricetion used in the test specimens is varied. Inf.rmation is
sought. regarding the effect of coatings on corrosion resistance. All
tests are run at moderste speeds with & tensile losd of 6,000 pounds
on the wires.

Two particular items of information obtained at this laboratory
are of interest to this study:

8. In their sssessment of wire rope longevity, they find
thet the lubriceted wire ropes perform consistently better then the
non-lubriceted ones.

b. In regard to wire breaks and ultimeste fsilure, the
sisel-cored wire ropes have individ.sl wire bresks distributed along
the length of the semple. In the pclypropylere-cored wire ropes,
the breaks are concentrated at one point to the extent that the
whole strand feils.

The unique failure of the polypropylene-cored roge raises
several questions. Does this type of fellure occur unusually .esrly
in the life of the roype, es compared to 8 sisal-cored rope fatigue
1imit, for instence? 1Is this peculiar to polypropylene or to syn-
thetics 8s @ whole? What chsracteristics of the fiber would csuse
this mode of fuilure? Can tests of the core materiasls, by themselves,
reveal a possible ceuse end cen the tests provide comperstive datas
to indicate which fibers will last longer?

2. Research Department, Fhiladelphia Textile Institute

At the Philadelphis Textile Institute the following sdvice
regarding cores in wire ropes is received:

e. The core and wire strands should work togetlirr without
relative motion, having in mind permsnent stretch.
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b. It would be advisable to remove the greater inherent
permaneni stretch of the core before closing it into the wire strends.

c. Decron has a stress-strain curve more nearly like that of
steel wires than ell other synthetic fibers used in ropea. The type of
Dacron thst is hot-stretched and restrgined heas a ciress-strain curve
more neerly like that of steel than ordibary Dscron.

. d. It is expected that Dacron will possess, in & core shape,
greater resistance to squeezing then other fibers.

3. Textile Fibers Depertment, DuFont Company, Wilmington, Delaware.

The visit to the DuPont Company aad subsequent discussions
with their technical representative has provided the following informa-
tion and ideas regarding performence of synthetic fibers in core form:

a. Better performance mey be obteined if the core acts uni-
formly and elastically with the wire strands.

b. The stretch and recovery characteristics would be improved
by pre-stretching the core before closing into the strends.

c. One rope menufscturer has msnufactured hot-stretch
Decron guys for high sntennss to improve performence of the arntennas
with s non-conductor support. The hot-stretch Decron appears to be
the best maverisl in regerd to stretch; it is reported to have thLe
least stretch end best recovery of all the rope synthetics. This could
be an excellent recommendation for its use as & core in purchase ceble.

Bulletins of technicel informetion on synthetic:fibers for ropes
prepared by the DuFont Company sre included in Section D of Design
Deta Report No. 1316, reference (e).

4. Textile Products Development Laboratory, Owens-Corning
Corporstion, Ashton, Rhode Island.

The Owens-Corning Corporution has a development program for
uses of glass fibers. In reply to an inquiry regarding the possible
use of glass fibers in s core, that compeny suggests the use of glass
fibers embedded in rubber stock. In view of the lubrication of wire
ropes, any rubber compound, even Bune-N or neoprene, would tend to
swell. This fector mey be disquelifying. Further probing of the
use of glass fibers will continue.

$. A test program wes recently completed at the Battelle
Memorisl Institute on the "Analyticel and Bxperimental Investigation
of Adrcraft Arresting-Gesr Furchasz Ceble,’ reference(g,) which pro-
vides results of fatigue testing on 1-3/8 inch wire rope cycled
over 24 inch sheeves at loeds renging from 20,000 to 110,000 pounds.
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This investigation revealed the! for the loads slightly over 90,000
pounds the mode of ¢able failure is due to fetigue failure of the
outer vwires at the points of interstrand notching. At the lower

loads fatigue failure was initiated by the growth of multiple

fatigue cracks in the wires on the crowns of the strends. At the
higher lcads the failure of the core to keep the strands sepersted
permitted the wires of the sdjacent strands to rub ageinst one snother
resulting in cross-wire notcaning and eventual failure. To prevent

this the core should be of a material with a hig, t:ensverse stiffness.

E. Visit to the Navy Ropewslk at Boston Navsl Shipyerd

The Master Ropemsker and Technologist at this installation is the
author of the only available modern textbook on ropes. Although,
"The Technology of Cordage, Fibers and Rope", reference (f), is con-
cerned chiefly with natural or vegetable fibers and not at all with
cores, i1t offers much informetion thet i1s applicable to core perfor-
mence. In this restricted sense the contents of the book assist in
preliminary comparisons and in selections of fibers end type of con-
struction for the manufacture and tests of semple materials. Excerpts
from reference (f), ere included in Section E of Design Data Report
No. 1316, reference (e).

The core does not share the tensile loed in s stressed wire rope.
The information from reference (f) presented below, therefore, does
not stress date on tensile strength of rcpes. The selected items are:

1. A harder and tighter twist is superior to & slacker twist
for certain end uses. However, s tight twist serves to stiffer the
repe and reduces its strength. A tight-twist or hard-laid rope has
a higher percentege elongation than a soft lsid rope for s given load.
Thus, there must be @ balance of factors to attain desired properties.

2. Components must be twisted in opposing directions to main-
tain compactness.

3. There are three bacic mechanicel stresses involved in the
service of a rope:

a. Tensile pull (this is not importent in e wire rope
core).

b. B8tructureal friction associated with bending and flexing.
c. Surface frietion contributing to abrasion.

k. Secondary factors under dynamic conditions and repeated
loedings are accelerstion stresses and heat.

NAEC-ENG T461

o
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5. When a vope is bent there is movement of strand against strand,
one strand rolling over another to produce compression in the inner
part ot the bend, und pulling away from each other to open out along
the outer part of the bend,

6. A rope in a dynamic bending service will show considerable
powdering and chafing on the surfaces wvhere the strandes are in con-
tact with one another and, if excessively loaded, similar evidence of
chafing internally,

T. In normal usage, ropes will be rubbed against themselves,
against sharp edges both in straight tension and bending movements,
be worked upon by internally and externally embedded grit, and thereby
vear away. In most end uses, ropes are subject to external surface
abrasion to such a degree that this constitutes the major cause for
replacement due to service failure. (In the case of a core, the wire
strands that envelop the core constitute the sharp edges noted above,)

8. In an analysis of factors involved in abrasion one must
regard the point of abrasion as an area of extremely localized bending.
If the rope is abraded by a metal edge, the compressive forces des-
cribed as prevalent in tension or bending, are existent. If the surface
vears away because of grit, each minute particle represents a condition
of dynamic bending involving surface fibers which compress against the
particle. Such deformations load the fibers in tension to the extent
that they stretch and ultimately fail.

9. The ability to stretch is a property that is particularly
associated vith rope. 'Unlike rigid materials used in tension, ropes
remain more or less permnently elongated after they are once
stretched by an appreciable pull. Even after a long period of time
has elapsed during which the ropes are no longer under load, they will
remain partially stretched and show no complete recovery to their

original lengths,

10. Unlike strength as a property, the elongation does not
seem to be affected by the rate of application of the load., Studies
show that the same ultimate elongation is attained vhether the ropes
are broken by extremely gradual loading or by sudden impact loading.

1l. Ropes made of bard fibers do not stretch as much as some
sof't fiber ropes, A more extensible fiber will yield proportionately
more elongation of the rope.

12. Once a rope is put in service and loaded, its elongation
characteristics change., Having been stretched somewhat permanently
by service load, it can be expected that in the louding range covered
by service conditions, i.,e., load generally up to 20 percent of the
breaking strength, the constructional phase of the elongation curve
vill no longer be apparent. An additional effect of repeated loading
as experienced in service, tbhat should also be considered, is that
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for every instance of load application, there will be some additional
permanent stretch. The total ttretch, per cycle, for a given degree
of loading will diminish with frequency of service.

13. When the applied load resulting in stretch 1s released, the
stretched rope will begin to contract in length. Unless the load is
very slight - well below the normal working load range - the contraction,
aven over an extended period of t.ime, is never complete. In a matter
of minutes after the load relesse, half of thc tota! recovery will be
attained, (For the purposes of this study, early recovery is most
important in view of the rapidity with which succeszive loads are
applied.)

"14, A rope that in comperison with its breaking strength is
loaded in small degree will recover faster than when loaded in greater
degree, When loaded in the range of their normel working loads, the
smller size rope will recover more readlly. With respect to the
effect of loads and rope sizes, nylon rope is not as much affected as
the natural fiber rcpes.

15. A four-strand rope shows less recovery than a three-strand
rope; & hard-laid rope less than a soft-laid rope. Ropes that have
been loaded repeatedly, thereby reaching a condition of maximum
compactness under tencile load, will ultimately show complete recovery
from stretch provided the applied load does not exceed the load used
in pre-stretching the rope. (Cores are not normally pre-stretched.
However, the load on the core is chiefly bending and squeezing rather
than pulling or tensile.)

16, All the forces prewi.lent in the rope when it is pulled are
prevalent when the rope is bent; in addition, there exists the factor
of outer surface compressior which in relation to the internal com-
pressive for es, will tend to promote shearing stresses which further

damage the rope.

17. Flexing (dynamic berding) endurance tests are regarded as
only indicative of relative performance on one materisl agalnst
another, or one structure against another when both are tested con-
currently under prevailing conditions. In conducting such tests,
the ropes may be oscillated until they fail, or they may be oscil-
lated for a prescribed number of cycles and evaluated on the basis
of remining strength. The first 1s a more desirable cperation
inasmuch &8 the rate of deterioration of rope due to internal
abrasion seems to fit into & geometrical rather than an =2rithmetical
pattern.

18. It is noteworthy that in any cordege flexing endurance
tests, nylon is outsta.lingly superior in performance. (Since
reference (f) was published, other synthetic fibers such as Dacron,
polypropylene, etc., have been successfully introduced. )

L
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19. Ina~much as rlexing cndurance involves surface friction,
improving the lubricity of the rope will improve its flexing end-

urance .

20. Wirh increase in the degree of twist, there is & tendency
to imrrove the tlexing endurance.

21. Increassing the number of strands to lay the rope will
generally have no jronounced effect upon the flexing endurance.

22. In cords snd ropes of relstively small size, the effects
of flexing and abrasion seem ~losely related; the cord that performs
best in n flexing test generally shows a similar adventage in an
abrasion Lest. This relstionship will not be spperent in lerger
rope structures, pr ticulearly when the ropes sre wet.

23. No matter how tightly three strends are twisted together, the
roye will not be herd-laid unle~s there is enough twist in the strand
to support and meintain the tight rope twist. The combination of rope
and strend twist determines, ir major degree, the oversll hardness
of ley.

P. Belection of Test Sempl:s of Core Materisls

The meeting of the Technical Committee of the Cordage Institute
has served very well for the exchange of information and ideas. The
membership includes representatives from companies that are suppliers
and some that ar2 not involved directly. This implies more objective
treatment of the core problem in hand. The minutes of the meeting
are included in Section F of Design Deta Report No. 1316, reference
{(e). A comprehensive chart, "MAN-MADE-FIBERS" (Textile World), of
interest tc the conferees, is included in Secticn G of Design Deta
Report No. 1315, reference (e).

The deliberations of the Technical Committee are concerned with
the followiry facts:

1. The core under study is standard sissl used in & wire rope
1-3/8 inch in diameter, lang-lay, with a tensile strength of 175,000
pounds. There are two 000-foot long purchase cables in the srrest-
ment geer, one on each side of the ship. The purchase cables connect
the ends of the deck pendants to the arrestment engine.

?. An arrestment loads the cables for sbout three seconds; they
can occur as rapidly as one each minute, seversl arrestments in
succession. I emch purchese caeble, sbout 255 feet of pay-out takes
place during .en arrestment.

3. In a new cable the permanent stretch totels 1% or about
eight feet. Thereafier, the elastic stretch snd recovery smounts
also to about 1%. The wire rope is not pre-stretched.
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4, fThe sheaves over which the cebles work are twenty-four or
twenty-eight inches in disueter. Each cable passes around a complex
of two se2ts of nine sheeves cuch =t the arrestment engine. As s result,
there 18 elmost constant bending action ¢f the ceble ss run-out occurs.

5. A purchase cable is =xpected to last for 1500 arrestments.
Measurements have been mede of wire rope diemeter chsnges incident
to fallure. With a sterting ¢iemater cf 1.42 inches and efter e
variable number of srrestnents, the rope will fail when the diameter
draws down to atcut. 1.29 inches. Other measurements, not incident to
feilure, show the 1.42 inches dinmeter reducing safely tc 1.38 inches.
This indicates a narrow range betwezn 3% safe reduction in diemeter
"end 8 9% reduction at failure.

Decisions were made at the Conference to manufacture and
test the below listed core materimls, with two samples being assigned
to each of three leading corez suopliers:

Sisel - bese refarence
Manile - bese reference
Polypropylene

Polyethylene

Dacron

Nylon

The sisal, manile and polypropylene sre to be lubriceted
according to st.andprd practice; the nylon is to be pre-shrunk either
in filement. form or after the core %s made.

Sp2cificaticns are:

11/16 inch diemeter

3 strand, single yarn

.right lay

% & 2 construction

For use in Navy Aireref: Arrestment Gear Furchese Ceble
{1-3/8 inch diameter, 6 x 19 wire rope)

Delivery to Navy destirstion

The folloving information is to be supplied with eackL
shipment:

Diameter of core

Lubrication - amount and code number

Iay - complete construction; rope, strand and yarn turns
Yarn size in denlier or feet per pound

Fumber of yarns per stirtnd

Weight per foot

Fest aging test

Type filement used, giving menufacturer of

poilymer or filament size, filament and manu-

facturer's code number
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The following rests ere discussed:

Compressibility
Elongation and recovery
Coefficient of friction
Abtraesion resistance
Tensile strength of core
Fatigue or endurance test
Softening point

C. TEST PREFARATIONS

From the studies of commercially accepied, synthetic fiber core
materisls, it cen be concluded that certain of their qualities are
well-known and documented. Further, in the course of normel quality
assurance, a measure of such characteristics es temsile strength,
fiver size and make-up, light stabilizetion and the like will be
properly estsblished. Other sreas must be explored, however.

It 1s necessary to obtain comparative test data in those criti-
cal sress that heve not beern pursued. These tests sre selected after
consideration of theories, described below, that suggest why the cores
of purchase ceble wire ropes fail. This approech is necessary because
the core cannot he observed in operation nor can any measurements of
stress and strain be readily obtained.

One theory on the cause of core failure pertaine to the stresses,
under loed, suffered as the wire tope traverses the twenty-four inch
diameter sheaves. Measurements and calculations indicate thet the
wire rope, during an errestment, undergoes & 1% stretch; st the top
of the sheave travel, the outer surface of the core by geometry
stretches an additional 2%. There are other stresses also. At the
top of the sheave travel, the outer strands of wire bear down on the
core tending to squeeze it severely At the same time, the individusl
wires produce a shearing sction that will sever the fibers and abrade
them. The letter action is facilitated ty the opening-out that takes
place in the core strands elong the outer diemeter.

To resist the foregoing the core must have:

Transverse sti.'fness

Flexibility

Resistance to abrasion

Resistance to shear

Lubrication to promote sliding action and thus reduce
abrasion.

Stability at the high temperatures experienced under

liigh esbient conditions with heat genersted by work.

NAEC-ENG T461

.
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l— The amount of transverse stiffness of the core or the ability of
the core to support the strands without compressing to the point which
will allow the strands to rub, is one of the most important gqualities
of the core.

The quality of the core to move relative to the wire strends with
little Iriction and the ability of the oore to flex on the strands
without sbreding is an importent fector. When the core bresks down
because of this abresion, the wire in asdjacent strends will rub snd
the rope will fail.

Taken by itself, stretching introduces a possible source of
trouble. This results not from the stretching elone but from the
degree of recovery. Further, the degree or amount of reconvery relates
to the recovery of the wire strands thet envelope the core.

Neither the core nor the fimished wire rope is pre-stretched in
menufacture. Therefore, the constructional and the permsnent stretch
is removed in the use of the rope.

As has been noted sbove, the permanent and constructionel stretch
in a purchese cable has been messured at 1%. Thereafter, the wire
rope by meesurement stretches elastically 1% ia each srrestment.
However, the core may not conform to these percentages.

The chief difference between the wire rope and the core is the
higher permsnent stretch inherent in fibers. One rope manufecturer
lists the following amounts:

Sisal '

Menila 4.8¢
Polypropylene 3.8%
Polyethylene 5.8%
Decron €.2%
Nylon 8.0%

A factor that will incresse the normal elongation of cores is
their tight-twist construction. This yields more coils of strands
per unit length then is the case with ordinary rope. As with a
coil spring, the more coils, the more extension.

A further sggrevation of the stretch problem in fibers is the
slowness with which the elongation ylelds to recovery. The major
manufacturer of synthetic ysrns provides the following deta in this
regard:

Typicel Extension and Recovery of "Broken-In" Ropes with Normal
Working Loeds. (Extension in % of Original Length)
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1. Losded to 20% of break

2. Immedietely after
release from load.

3 Five minutes after
relesse from load.

L. Two weeks after
release from load.

Nylon Dacron
14% 5.5%
3.5% 2%
1.5% 1%
o% o%

NAEC-ENG TL6L
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Manila, dry
3%
1%
1%
o%

H. Tes.s The terhnical data for the core materials tested ere listed

in Table 1.

Following is a description of the tests made to determine the
reletive qualities of the core materiels selected:

l. Compressibility. This is 8 test to determire the amount of
compression that occurs in the core material under increasing loads,
and at various temperatures. The core in the purchase cable is com-
pressed by the tension in the cable end the action of the strsnds on

the core es the cable goes around the sheave.

The apparatus for this test is shown in Figure 1.

The core was

placed in a steel trough, the opening of which was equal to the
diemeter of the cocre. An anvil, the size of the trough opening was
placed sver the core. The assembly was placed in a Baldwin Universel
Testing Machine and pressure was applied by the head of the machine
to the anvil. The spplied loed wes recorded and the motion of the
head was cetermined with use of an indication diel.
compressibility data for the elevated temperatures, heat lemps were
directed on the test assembly until the desired temperat ure was

obtained.

To obtain the

To got comparétive deta the zero deflection must be the ssme
for all the core samples. A load of 10C pounds was applied to the
sample. The compression at this load wes esteblished as the zero

deflection for each sample.

The test procedure was as follows:

(a) A 1000 pound loed was applied to the semple and held
for three seconds. The deflection wes meesured and the load released.

(b) At end of one minute the loed was increesed to 2000
pounds, held for three seconds end the deflection measured again.

(c) The sbove wes repeated in 1000 pound loed increments
until the core was compressed to three-fourths of its originsl
dismeter, a deflection of 0.172 inches.

-
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(d) The above tect wa: repeated at temperature of i120°F, and
130°F. The samples tested at the elevated temperatures vere heated
to the temperuture of the test for ten minutes before starting the test.

oy T™vo tests were made at room temperature, cne at 120°F, »od two et
F.

2 Stretch and Recovery, Thisc is a test to deterz=ine the anount
of stretch and the amount of recovery that occurs vhen the core is
loaded and released. The core in the vire rope should streteh ard
recover the same amount #8 the vire strunds vhen tle vire rope s
loaded and released.

-The apppratus for thiec test is shown iu Figure 2. (in foot Lest
samples of each material wvere made up with eye eplice: on the erds,
The sample vas attached to head and base of the Baldvwin Universal
lTeeting Machine as shown in Figure 2. Three samples of each core
material wvere testel as follows:

(a) A tensile load of 100 pounds at n hesd speed of & inshes per
minute was applied to the core. With this loud held, a gage leanyth of ¥
inches vas marked on the core.

(b) An increasing tencile load wvas applied to the core astil the
30 inch gage length was stretched to 30-1/2 inches. The load was recorded
and Leld for three seconds,

(¢) The load was reduced to 100 lbs, and the origlal Y inch
increment was remeasured noting the reduction in length or recovery,

(d) At the end of one minute the tensile lomd was incressed
until the 30 inch length was stretched to 31 inches. The load wae
recorded and held for three seconds,

(e) The load was again reduced to 100 1bs., the )0 inch lesgth
wvas remeasured and the recovery vwss recorded,

(f) The above vas repeated at intervals of ane ainute in
increments of 1/2 inch until a maximum of six inches of streted wae
recorded or until the core fMailed.

(g) Tis above test vas made for three sauples of each core,

() Tvo samples of each core material vere pre-stresced to
forty percent of their ultimate strength and steps 8" through “r"
vere repeated.

3. %ﬂ‘_"ﬂ' This 1s a test to determine the effert of
flexing cores over & sheave. The sheaves used for thies test i
diagonal rids velded on the rope contact surface to simulate the
squeesing and vear caused by the vire strands on the core & Ue
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wire roje runs over Lhe sheaves.

The apparatus for this test is shown in Figure 3. The chein
from an overhead haoist wes attached to an eye splice in one core
specimen. "his core specimen and another were wrapped around a
three inch and # twelve inch sheave as shown. With this srrangement
two ssmples can be tested at orne time. Attached to the twelve inch
sheave were twc cams which actuated a switch reversing the hoist
motor As the rope cycled, the sheaves rotated so that there was no
relstive motion between the sheave snd the rope. This test set up
was capable of cycling the rope at § eycles per minute.

(a) A somple of each core materisl was tested on the three
inch sheave and the twelve inch sheave.

(b) The cores were oscilleted over the sheaves by the
reversing of the hoist motor.

(c) The teat was continued until the core failed, at
which time the number of oscillations was recorded.

(d) The above test was repeated for five samples of each
core on the three inch sheave and one sample of each core on the
twelve inch sheave.

. Avbrasion Resistance. This is a test to compare the sbrssive
qualities of the core materisls.

The apparstus for this test is shown in Figure L.

(a) The core specimen wes attached to the drum, layed
over 8 [ixed hexagonal ber, and 8 5.2 pound weight was stteched to
its end.

(b) The drum oscillated, causing the core to abrade against
the hexsgonsl bar ss shown in Figure 4. The drum oscillsted st the
rete of 3C. ' cycles per -m&n, Four semples can be tested at one time
with this test setup.

(¢) When cne strend of the core wore through, the test
vwes stopped and the number of cycles wes recorded.

(d) One semple of each core was immersed in water for
forty-eight hours and the 'test was repeated for the weater-scveked
cores .

5. Coefficient of Friction. This is s test to determine the
coefficient of friction of the core materials.

The test setup is ss shown in Figure 5 and the test procedure
was as follows:
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(a) The core was placed on the flat stainless steel plate,
and a 50 pound load was placed on the core, guided on both sides so
that it would not tip. The rope was pulled by a calibrated spring
scale.

(b) The force required to start the rope in motion was recorded.

(e) The force required to continue the rope in motion was
recorded.

(d) ‘he above test was repeated for one sample of each core.

. -6. Softening Foint. This is a test to get comparative information
on the effect of heat in softening the core materials.

The apparatus for this test is as shown in Figure 6. This test
is the standard method for testing for "Deformation of Plastics Under
Load. ASTM-D621."

(a) The core specimen was placed in the test machine and a
load of 200 pounds per linear inch was applied without shock.

(b) The initial deformation was recorded and established as
the zero point.

(e) The testing machine yns placed ir a test chamber which
was heated to a temperature of 180 F.

(d) The deformation was recorded after 1/2 hour and 1 hour
time increments. .

(e) The above test was repeated for one sample of each core.

J. Results. The data collected in the performance of each of the
above tests is tabulated in Appendix A.

The results of the above tests are shown in Figures 7 thru 17.
The curves shown in these figures were made up of the average values
of the data obtained.

1 Compressibility. I'igures 7, 8 and 9 show the comparison of
the compressibility or transverse stiffness of the core materials.
Sisal and manila had the greatest transverse stiffness of the materials
tcsted at all three test temperatures. In all cases the compressibility
iicreased with increasing temperature. At 4000 pounds load the increase
in compressibility for a temperature increase of TO°F to 180°F 1is as
follows:

stal Manila Polypropylene Polyethylene Dacron Nylon
48% 14% 14% % 5% n%

J
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An attempt is made from the data received to compute the bulk
medulus of elasticity of the core meteriales. The procedure used
for this celculation is shown in appendix A. Becsuse the test
apecimen was not completely enclused during the compression test,
(see Figure 1), the deflecticn data could not Le taken as compression
of the materisl snd therefore the results are not considered to be
an exsct indicstion o the bulk modulus. They do, of course, indicete
comparative values o7 the bulk mcdulus. The menile and sisel had
the greatest bulk mcdilus. The nylcn, dacron, polyethylene and poly-
prupylene sll had abcut the same value for the bulk modulus. The
ccre samples used fur this test were ss received from the masnufacturer.
No tests were made of the rcpe cores after they had been flexed or
stretched.

2. Stretch and Recovery. PMigures 10 and 11 show the relation-
ship of elungation versus load of the core materials. In genersl
the effect of elungation in itself is not an imrortant factor in wire
rope cure. These curves are a by-pruduct of the testing to determine
the recoverability of the core materis)s. The curves shown for the
elongation of the manils and nylon compare favorably with curves
shown in reference (f.). The sisal end manils rope for both the
"as received" and prestreased rupe elongate the leest. The descron
and nylon elongate the grestest amount. As would be expected the
elongetion is less in the pre-stressed rope than the "as received”
rupe, since the rope stretches at a greater rate in the first 20
percent ¢f loed applicetion. This is consistent with test results
shown in reference (f).

Pigures 12 and 13 show the comparison of the recoverability of
the rypes. The purchase cable of the ariresting engine stretches end
recovers 1% of _.s length during an arrestment. The ideal rope
core would duplicate this. Figure 12, showing the "as received” rope,
indicates that all the ropes except the sisal recover sbout 0.5 per-
cent for s 1% elongation. The sisal recovers sbout 0.3 percent.

The results could not be compared with data from reference (f) since
the date shows an immediste recovery. Reference (f) gives percent
recovery sfter 15 minutes and longer.

Pigure 13, showing the pre-stressed rope jndicates that all the
ropes recover 1l percent for & 1 percent clonqgi. on.

At the end of the stretch and recovery testing all ropes vere
tested to failure. Below sre the results:
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Rope - 11/16 Inch Dismeter

Bresking Strength (Average) Pourds

As Received
1. Sisal 3,766
2. Manile 5,090
3. Folyprepylere 7,907
4. Polyethylene L,2ko
5. Nylon 9,453
6. Dacron 9,653

Pre-Stresced
3,915
5,055
7,730
k,570
9,580
9,055

3. Dynemic Flexing. Figures 14 and 15 show the comparison
of the ropes subjected to flexing over a 3 inch and & 12 inch sheave.
The sheaves had diagonal ribs welded to the rope contact surface to
simulete the effect of the wire strand on the core. The 12 inch
shesve more nearly duplicates the condition of the wire rope core
in the purchase cabls traversing the 24 inch shesve. The 3 inch
sheave was used to accelerste the testing of the rope. In both

cases, the nylon core faired the best.

It wore two times as long

88 the dscron. The dscron weas fer superior to the others, with
polyproupylene being the next hest.

These results agree with dete supplied by the lesding cordage
manufecturers. Informetion given in reference (f) alsc notec thst
for flexing endurance nylon cordage is superior in performance.

It was noted upon inspection of the test semples of the failure
that there were some indicetions of rubbing between the sheave and
the rope, s0 that ebresion possibly sdded to the dynamic flexing

to produce the fsiiure.

4, Abrasior Resistance.

39,000 cycles.

During an arrestment, as the purchese
cable bends around the sheaves, the strands of the core will rub
against one another and the wire strends. Figures 16 and 17 show

the comparstive abrasive resistant quslities of the core materials.
Here agein the nylon and the decron outlested the other rope. The

test of the dry core meterisls showed the* the nylon snd dacron

lested for 350,000 cycles with only & glight indicetion of wesr;

the polypropylene showed heavy wear at 350,000 cycles, the polyethylene
failed at 62,000 cycles, the manila at 113,000 cycles and the sisal at

-
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S. Coefrricient of Friction. Table II shows the comperative
valurs 0 the sintic and dynamic coefficient of friction for the
core mnterinls. The polyethylene proved to have the lowest co-

Thé1

erficient of static and dynamic friction, 0.15 and 0.1k renpectiveiy,

vhile manila hnd ‘he greatest - 0.27 end 0.26 respectively. The
values for dacron and polypropylene were alsp low.

6. Softening Point. Teble ~II shows the effect of tempéréture

or softening of the core materisls. Tie nylon was affected the
lesst Ly the increased tempersture, deforming 0.58 percent after
1/2 nour and 0.73 percent after 1 hour. The polyethylene and poly-
projylens deformed Lhe greatest amount, deforming 1.9 and 1.75
resj@ctively after 1/2 hour and 3.05 and 2.0k percent after 1 hour

T™is teet {s related to the "resistance to squeezing" test
deecrited in poragraph J-1 sbove, except thet in one case the core
fe enclored and in the other it 1s not. Figure G does show agreeme
in %atl sanils and eisel does deflect the greatest amount and
aylon and decron the least at the elevated temperatures.

In order ‘o determine vhich of the cores performed the best fo

nt

r

el]) the tests descrided edove, & reting of 1 thru 5 is given to each

for esch one of the ‘ests. An edditional factor of 2 is multiplied
by 'he reting for the treneverse stiffness end flexidility tests
eince hese ore felt to de the most important. The core with the

hagwet w0’'<. from this reting wvould have the best performence. The

folloving ere the results:

-

Tors 7'!‘uuv0m ®Flexi-| Abra-| Fric- | Recover- | Temp. | Totel
Btirfness | dility | sion | tion | sbility
10 2 1 3 L 3 23
10 [ 2 |1 5 3 | 23
6 6 3 5 5 2 27
—
6 b 2 5 5 2 2k
r* L
mien Y #_10 5 3 5 5 32
meres: 6 i 8 p 5 5 5 34

‘RNiirg Limes <.



AND<NAEC. 2455 (REV. 7.83) NAEC-ENG T7L61

PLATE NO,

-

11962 PAGE 23

1

K. Conclusions. As stated throughcut the text of this report, the
iden]l wire vrepe core would be one that had the following:

1. Transverse stiffrneas to suppurt the wire strands under
cunditions of high loading around sheaves to rrevent rubbing or the
strands against each other.

2. Flexibility to allow the dynamic bending around the sheave
without failure of the core fiber or strends.

3. Resistance to abrasiun and shear to prevent feilure of the
core as it rubs agminst the wire strands.

4. Reccversbility te slluw the cure to stretelh and recover with
the wire strands snd thereby reduce to & minimum reletive motion
between the wire strand and the core.

5. Stability st high temperatures which would be experienced
by the cure due te high ambient. condition snd neat genersted by the
wOTrk.

The rating table, shown in paragraph J of this section, which
considers the shove factora, conclides that the dacron core would
give the best performance as 8 wire rope core.

Thege tests did not evaluate many of the parameters sffecting
the above factors which contribute to the determinstion of the most
suitable wire rope core. Bome cf the perameters which shculd be
considered are:

a. Transverse sgtiffnesc of the rope with increasing tension
loads.

b. Transverse stiffness of the rcpe after it had been dynsmic-
ally flexed at an increasing number of cycles.

c. Transverse stiffness of the core for herd and soft leid
rope.

d. Flexibility of the core with increasing tension losds.

e. Flexibility of hard and soft laid rope.

f. Flexibility of lubricated and non-lubricsted rope.

g. Resistance to abrasicon and shear for lubricated and non-
lubricated rope.

h. Resistence to abrar .n and shear for hard and soft laid rope.

i. Instantaneous rec .ery of the rope after release of lcad.

In the light of the above, it is felt that no definite conclusion
can be made as tU the most suitable wire rope core materisl for snr
arresting engine purchase cable without additional testing.

L. BRecummendetions. It is recommender that purchsse cable be made
up with dacron core, nylon core and polypropylene ccre for full
scale tests on an sircraft arresting engine. It is also recommended
that sdditional testing be done un the wire rope core materisl to
determine the following:

.
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1. The effects of rope tension, dynsmic flexing snd hard end
soft laid rope un transverse stiffness.

2. 'The effects of rope tension, hard and soft laid rope snd
lubricetion on flexibility.

3. The effects of hard and soft laid rope and lubrication on
resistance to sbrasion and shear.

L. The instantanecus recoverability of the rope after release
of luad.
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r 1 - TEST DATA |
TEST - Resistance to Squeezing, MAT'L - Sisal as Received
Deflect.ion - Inches
Room Room
Temp. Temp. 120°F 180°F 180°F
Load - Lbs. No. 1l No. 2 No. 1l No. 1 No. 2
100 0 0 0 0 0
1000 025 .025 .025 .050 .039
2000 .055 051 .09 .090 .080
3000 .079 072 072 120 110
kooo .098 .090 .098 14k 133
5000 116 .106 215 163 J54
6000 128 d2l A3l
- 7000 142 A3k 146 |
8000 152 145 160
9000 163 156
10000 .165
Load
Defl. Room Room 120°F 180°F 180°F
Inches Tenp. Tenp.
No. 1l No. 2 No. 1 No. 1 No.2 |
72 10,000 | 10,500 | 8,800 5,140 5,960

=

s Sl =i
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PLATE NO. 11962 PAGE 1-3
TEST - Resistance to Squeezing, MAT'L - Manila as Received
Deflection - Inches
3

Room Room

Tenp . Temp. 12G°F 1580°F 180°F
Load - Lbvs No. 1l No. 2 No. 1 No. 1l No. 2
100 0 0 0 0 0
1000 .035 .0k} Ok .03% 034
2000 006 .076 .079 .OTk L0566
3000 001 - .101 .10% 107 .094%
4000 A1l A8l 126 132 123
500G .128 138 143 195 dabk
6000 bk 152 159 Aok
TO00 1556 165
8000 2167

Load

Defl. Room Room 120°F 180°F 180°F
Inches Temp. Temp.

No. 1l No. 2 Fo. 1 No.l No.2
172 8,260 7,820 7,000 5,800 6,200

-
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PLATE MO, 18062
r
TEST - Resistance to Squeezing, MAT'L - Polyprupylene es Received
Deflection - Inches
Room Room
Load - Lbs. Temp. | Temp. | 120°F | 180°F | 180°F
No. 1l | No. 2 | No. 1 No. 1 Ko. 2
100 0 0 0 o 0
1000 .0l3 .0l6 .062 050 070
2000 .092 .097 .104 .106 107
3000 221 128 A3l B LY 142
4000 BT 150 151 167 .166
5000 158 167 167
Load
Defl. Room Roo:xn 120°F 180°F | 180°F
Inches Temp. | Temp.
No.l | No. 2 | No. 1 No.l No. 2
172 5900 5100 | SOLO 4020 4080
L

1
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PAGE Al-5

TEST - Resistance to Squeezing, MAT'L - Polyethylene as Received

Deflection - Inches
Room Roon
Tenp. Temp. i20°F 180°F 180°F
Losd - Lbs. Fo.1l { Yo. 2 0. 1 No. 1 No. 2
100 0 0 0 0 o)
1000 .059 056 .061 .065 .06L
2000 .098 .093 107 109 11)
3000 124 A24 A3k .30 bk
L4000 ks 145 152 155 .165
5000 Jd62 162
Load
Def). Room Room 120°F 180°F 180°F
Inclies Temp. Tenp.
No. 1 No. 2 No. 1 No. 1 Ro. 2
172 5,440 5,560 5,000 4,630 L ,280

-
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TEST - Resistsnce tO Squeezing - MAT'L - Nylon as Received

Deflection - Inches

Rocin Rocm
, Temp. Temp. 120°F | 180°F | 18o°r
mad L LbS. NO- l N°o 2 NOo 1 NO- l NO. 2
100 0 0 0 0 0
1000 0.059 0.068 0.075 0.063 0.080
2000 0.108 0.108 0.120 0.111 0.128
3000 0.132 0.133 0.150 0.142 0.157
m 00151 00151 - 00163 -
$000 0.166 0.167 - - -
Ic0d ToO Load
Defl. Room Room
Inches Temp. Temp 120°r | 180°FP | 180°Fr
No. 1 No. 2 No. 1 No. 1 No. 2
72 5540 5380 3980 4520 3720
(End Point)

.
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TEST - Resistance to Squ:ezing - MAT'L - Decron es Received

Deflection - Inches

Roou Rocr

Teap. Temp 120°F | 180°F 180°F
louad - Lbs. No. 1 No. 2 No. 1 No. 1l tio. 2
100 o 0 (o) 0 0
1000 0.075 0.075% 0.072 0.076 0.070
2000 0.110 0.1.1 0.110 0.115 0.110
3000 0.133 0.133 0.133 0.1k0 0.13%
L4000 0.150 0.150 0.151 0158 0.1%5
Load To Load
Defl. Room Room
Inches Temp. Temp. 120°F | 180°F 180°F

Ne. 1l No. 2 No. 1 No. 1l No. 2
0.iT2 5720 5840 5600 4960 5060
(End Point)

-~
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- TEST - Stretch end Recovery, MAT'L, - Sisal as Received
ORIG. LGTH. - 30 Inches

Specimen No. 1 Specimen No 2 Specimen No. 3
Stretch Loed Recovery Loed Recovery Lead Recovery
Inches Lbs. Length Lbs. Length Lbs. Length
Inches Inches Inckes
30-1/2 koo 30-3/8 400 30-5/16 340 30-7/16
3 750 30-11/26 | 780 30-11/16 610 30-3/4
31-1/2 | 1160 | 31-1/8 1200 | 30-15/16 | 1020 | 31
32 1650 | 3-1/2 1720 | 31-1/b 1520 | 31-3/8
32-1/2 20ko | 31-5/8 2350 | 31-7/16 2120 | 31-5/8
33 2930 | 32-1/36 | 3000 | 31-15/16 | 2180 | 32
33-1/2 | --- 3900 | 32-5/16 3680 | 32-5/16

Feilure - Specimen No. 1 - Losd 3630 lbs., Stretch 33-1/4
Specimen No. 2 - Losd 3920 lbs., Stretch 33-1/2
Svecimen No. 3 - Load 3750 lbs., Stretch 33-9/15

TEST - Stretch end Recovery, MAT'L - Sical Pre-stressed to 1400 Lbs.
ORIG. Lgth. - 30 Inches

Specimen No. & Specimen No. §
Stretch Loed Recovery Loed Recovery
Inches Lbs. ILength Lbs . length
Inches Inches
30-1/2 950 30-1/8 980 30-1/16
31 1580 | 30-5/16 1670 | 30-5/16 .

31-1/2 2200 | 30-5/8 2250 | 30-5/8

32 2850 | 31 3000 | 31
32-1/2 3800 | 31-7/16 kooo | 31-7/16

Feilure - Specimern No. 4 - Loed 3820 lbs., Stretch 32-9/16
Specimen No. 5 - Loed 4010 1bs., Stretch 32-1/2
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[ 1

TEST ~ Streteh and Recovery, MAT'IL, - Msnile as Keceived
OR1G. LGTH. - 3C lnches

e = - ——

Specimen No. 1 Specimen No. 2 Specimen No. 3
Stretch Ioad Re :overy Load Recovery Load Recovery
Inchesn Lbs., length Lbs . Length Ldbs . length
Inches Inches Inches
36-1/2 250 30-3/8——M#' €90 30:;7lﬁ 260 36-3/8
:;1_- " 230 hG-9/1%5 539, 30-5/8_“1” 580 30-5/8
31-1/e | 930 | 30-7/8 960 | 30-13/16 | 960 30-7/3
r";;.—ﬁﬂw .h_1h60 3i;1/h 1560 31-1/8wT 1540 | 31-3/16
32-1/2 2160 | 31-9/16 2300 | 3n-i/2 2280 | 31-9/15
33 2870 | 31-7/8 312¢ | 31-15/15 3100 | 31-15/16
33-1/2 3960 | 32-1/k ho8o | 32-3/8 4350 | 32-3/8 !

Feilure - Specimen No. 1 - Lomd 5050 lbs., Stretch 33-5/8
Specimen No. 2 - Loed 4980 lvs., Stretch 33-5/8
Specimen No. 3 - Loed 5210 lbs., Stretch 33-11/16

TEST - Stretch and Recovery; MAT'L - Manile lre-stressed to 1760 Lbus.
ORIG. LGTH. -~ 30 Inches

Specimen No. 4 Specimen No. 5
Stretch Loed Recovery Load Recovery
Inches Lbs. length Lbs . Length

Inches Inches
30-1/2 890 | 30 920 30
31 1910 | 30-3/16 1880 | 30-1/8
31-1/2 2830 | z20-1/2 271C | 30-9/16
L et —

32 1150 | 30-13/16 | 3890 | 30-15/10

Failure - Specimen No. # - Lomd 4920 lbs., Stretck 32-1/16
Specimen No. 5 - Loed 5190 lbs., Stretch 32-3/8



AND-NAEC. 2458 (REV. 7.63) NAEC-ENG Tu61

PLATE NO. 11962 PAGE A1-10
r ST - Stretch and Recovery, MAT'L - Polyethylene as Received —l
ORIG. LGTH. - 30 Inches
Sp;.;-imen No. 1 Specimen No. 2 Specimen No. 3
Stretch Load Recovery | Load Recovery Load Recovery i
Inches Lbs. Leagth Lbs. Length Lbs. Length ‘
Inches Inches Inches
30-1/2 230 30-5/16 280 30-1/k 260 30-1/k |
3 430 30-1/2 k60 30-1/2 480 30-1/2
Nn-1/2 | 650 | 30-3/4 630 | 30-3/u 720 | 30-3/b
32 900 K1 E 900 3 960 3
32-1/2 | 1150 | 31-1/4 130 | a1/ 18 | 31-116
33 140 | 31-1/2 1380 | 3n-1/2 0 | 3n-1/2
33-1/2 | 1580 | 31-3/k 1620 | R-3/4 1680 | 31-3/k
34 1840 | 32 1860 | 32 —Jm.ﬂo 32
u-1/2 | 2220 | 32-1/k 220 | 32-5/16 2210 | 32-1/%
35 2350 | 32-1/2 | 2380 | 32-1/2 2450 | 32-7/16 '
35-1/2 | 2630 | 32-7/8 | 2640 | 33 2700 | 32-13/16 |
36 2860 | 33-1/4 2880 | 33-1/4 2930 | 33-1/4 :
36-1/2 | 3080 | 33-9/16 -

Failure - Specimen No. 1 - Load 4310 1bs.
Specimen No. 2 - Load 4250 1lbs.
Specimen No. 3 - Load 4160 lbs.



ANDONAEC o 2455 (KEY, 7-63) NAEC-ENG- Th61
PLATE NC. 11962 PAGE A1-11

TEST - Stretch and Recovery, MAT'L - Folyethylene Fre-stressed to 2080 Lbs.

A Specimen No. 1 Sjecimen No. 2
Stretch Icad Recovery Loed Recovery
Inches Los . Gauge Lbs . Gauge
Inches Inches
30-1/2 T00 30 £60 30-1/8
31 1050 30 1050 | 30-1/4
31-1/2 1750 | 30-1/8 1560 | 30-5/1€
32 2200 | 30-3/16 1920 | 30-5/16
32-1/2 2540 | 30-3/4 2160 | 30-9/16
. 33 2880 | R 2750 | 30-5/8
33-1/2 3180 | 31-1/k 2960 | 31-1/16
a 3 359 | 31-9/16 3320 | 31-1/2
' 3k-1/2 3900 | 32 3600 | 31-3/b
. 35 3930 32-11/16
1 . Failure - Specimen No. 1 - Load 4640 lbs.
o Specimen No. 2 - Loed L4500 1bs.




G@DNATC. 2438 (REV, 7.63)
LA MO, 11962

NAEC-ENG 7461

PAGE Al-17

rTES'I‘ - Streteh and Recovery, MAT'L - Folypropylene ss Received

ORIG. LGTH. - 30 inches

Specimen No. 1 Specimen No. 2 Specimen ¥o. 3
Stretch Load Recovery Load Recovery Load Recovery
Inches Lbs. | Length Lbs. | Length Lbs. | Length
Inches Inches Inches
30-1/2 220 30-5/16 210 30-1/k 200 30-5/16
31 390 | 30-5/8 310 | 30-1/2 370 | 30-5/8
1-1/2 640 30-3/4 660 30-3/4 590 30-13/16
| 32 920 | 30-7/8 920 | 30-7/8 890 | 30-15/16
32-1/2 1240 | 31-3/16 12k0 | n-1/8 moﬂlF 1-3/16
33 1630 | 31-3/8 1560 | 31-5/16 # 1520 | 31-7/16
33-1/2 | 1960 | 31-5/8 1950 | Rn-3/b 1900 | 31-11/26
34 2330 | 31-7/8 2350 | 31-15/16 2280 Jﬁ32‘
3b-1/2 2180 | 32-1/8 2820 | 32-1/k 2680 | 32-3/16
35 3220 | 32-3/8 3230 W 2980 | 32-1/2
35-1/2 | 3130 | 32-5/8 3650 | 32-13/16 | 3450 | 32-13/16
3% 4200 | 32-15/16 | LoBo | 33-1/16 3900 | 33

Failure - Specimen No. 1 - Load 8030 1bs.

Specimen No. 2 - Load 7820 1lbe.

Specimen No. 3- Load 78TO 1lbs.

-
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4HDNAL( « 2455(REV. T7+61)

PLATE NO. 11962

-

MAEC-ENC- TU6L

PAGE A1-13

B

TEST - Stretch snd Recovery, MAT'L - Folyjropylene kre-stressed to 2400 Lbs.
Orig. Lgth. - 30 Inches

Specimen No. 1

Specimen Nc. 2

F Lond I Recovery

otreteh Loed Recovery
Inches Lts. Gauge Lbs. Ge uge
Inches Inches
boe oo ==
30-1/2 620 30-1/16 560 30-1/16
31 1120 | 30-1/8 1050 l 30-1/8
+ :
31-1/2 1640 | 30-1/b 1630 | 30-5/16
32 2130 | 30-5/16 2100 | 30-3/8
r-32-1/."3 2680 30-4/14 2660 | 30-5/8
33 3200 | 30-13/16 30 | 30-15/16
33-1/2 37190 | 31-3/16 3580 | 31-1/4
3h 3890 | 31-3/8

Feilure - Specimen No. 1 - Load 7770 lts.
Specimen No. 2 - Lord 7790 lbe.



AND.NAEC.24S8(REV, 7.63) NAEC-ENG T461

PLATE NO. 11962 PAGE A1-14
rTEST - Stretch and Recovery, MAT'L - Nylon Original j
ORIG. LGTH. - 30 Inches
Specimen No. 1 Specimen No. 2 Specimen No. 3
Stretch Load Recovery Load Recovery Loed Recovery
Inches Lbs. Length Lbs. Length Lbs . Length
. 1 Inches Inches Inches
30-1/2 180 30-5/16 190 30-1/4 180 30-5/16
N 280 30-5/8 280 30-1/2 260 30-5/8
31-1/2 koo 30-13/16 | 4o 30-11/16 370 30-3/b
32 530 31-1/16 520 30-15/16 h80 31-1/8
32-1/2 | 630 | 31-5/16 | 610 31-3/8 590 | 31-1/4
33 760 | 31-7/16 | 750 | 31-9/16 | 720 | 31-1/2
33-1/2 | 880 | 31-3/k 880 | 31-9/16 83 | 31-1/16
34 990 | 32-1/16 | 990 | 31-15/26 | 920 | 32
3k-1/2 1120 | 32-5/16 1ko | 32-3/16 1070 | 32-1/h

Failure - Specimen No. 1 - Load 9990 lbs.
Specimen No. 2 - Load 9740 1bs.
Specimen No. 3 - Loed 8720 1bs.



AND<NAEC+2455(REV, 7.63)

PLATE NC.

-

11882

TEST - Stretch ard Recovery, MAT'L - BNylon fre-stressed to 3880 Lbs.

ORIG. LGTH. - 30 Inches

Specimen No. 1 Syecimen No. 2
Stretch Load | Recovery Load | Recovery
Inclies Lbs. Length Lbs. length
Inchies Inches
30-1/2 370 30-1/14 360 30-1/1%
31 £T70 20-1/8 510 30-1/8
31-1/é 850 30-1/4 820 30-3/16 g
32 1170 | 30-5/1% 1130 ! 3¢-5/16
32-1/2 1460 | 30-3/8 1koo | 30-3/8
33 1820 | 30-1/2 1770 | 30-1/¢
33-1/2 7280 30-9/16 2200 30-9/16
34 2840 | 30-5/8 2690 | 30-5/8
34-1/2 3250 | 30-13/16 3020 | 30-3/u4

Failure - Specimen No. 1 - Load 9920 lbs.
Specimen No. 2 - Losd 9240 1bs.

MAEC- ENG- TLAL

PAGE A1-15

-



4ND-NAEC.248S(REV. 7.63)
PLATE NO. 11962

I_TEST - Stretch and Recovery, MAT'L - Dacron Originasl
ORIG. LCTH. - 30 Inches

NAEC-ENG T46)

PAGE Al1-16

Specimen No. 1 Specimen No. 2 Specimen No. 3
Stretch Loed Recovery Loed Recovery Loed Recovery
Inches Lvs. Length Lbe . Length Tbs. Length
Inches Inches Inches
30-1/2 270 30-1/4 280 30-1/4 200 30-3/8
h 3 L60 30-7/16 k70 30-7/16 490 30-7/16
-1/2 | 690  30-3/k 730  30-11/26 | THO  30-11/16
32 950 N 1020 31 w060 3N ’
32-1/2 1290  31-5/16 1360 3-5/16 1410  31-1/4 ]
33 1560  31-5/8 1730 31-5/8 1800  31-5/8
33-1/2 2100 31-15/16 | 2180 32 2300 32
34 2510  32-1/b 2650  32-5/16 2810  32-5/16
34-1/2 | 2970 32-9/16 | 3080  32-9/16 3550  32-5/8

Feilure - upecimen No. 1 - Load 9710 ius.
Specimen No. 2 - Loed 9460 1lbs.
Specimen No. 3 - Loed 9790 lbs.

TEST - Stretch end Recovery, HAT"L - Decron Fre-stressed to 3800 #
ORIG. IGTH. - 30 Inches

Specimen #1 Specimen No. 2
Stretch Loead Recovery Loed Recovery
- Inches Lbs.  Length Lbs.  Length

Inches Inches

30-1/2 580 30-1/16 850 30
3 1180  30-3/16 1500 30
31-1/2 2010  30-5/16 21sc  30-1/8
32 2760  30-3/8 2930  30-5/16
32-i/2 3760 _ 30-1/2 3800  30-7/16 |

Peilure - Specimen No. 1 - Loed 9020 1bs.
Specimen lo. 2 - Loed 9090 lbe.

-
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NAEC-ENG TL61

NoN a8, 11080 PAGE A1-17
II CALCWLATIONS
Teduwlation of Date and Calculsticns Used
for Prejeration of Stretch end Recovery Curves
£hovn on Figures 10 thru 13
Gege lengthh of Moje 40 Inches ot 100 Found loel
Column(®) - 30
ferces. Litreteh o X 100
Col wr:
30
Col uen - Coluamn
jerceal A-covery o @ @ X 100
Coran ()
Mteriel: 8inel - As Recejved
J = load et Peflure, 3,7€6 Founds
©) ® ©) ®
Avg. % %
Recovery Stretch Recovery Loed
%P
380 30.375 1.67 RS 10.1
30.709 3.31 9k 18.9
1126 31.021 5.00 1.52 30.0
1630 31.375 6.66 1.95 43.3
2170 31.962 8.34 2.8 57.6
.00 10.CO 3.04 TT7.2

1



oNAEC. 2483 (REV, 7.43)
PLATE NO. 11962

NAEC-ENG 7461

PAGE Ar-18
r |
Materiel: Manila - As Received
P = Loed at Fa;lm'e, 5,090 Pounds
® ® €) ® ® ®
Stretch ggd Avg. % % Load
Inches Lb Recovery Stretch Renovery % ¥
30.5 213 | 30.354 1.67 A48 5.4
31 563 30.60k 3.3 1.28 11.0
31.5 956 30.854 5.00 2.05 18.8
32 1520 3i 229 6.66 2.42 30.0
32.5 2246 31.5h1 8.3k 2.96 bbb
33 3030 31.916 10.00 3.30 59.6
33.5 bl97 | 32.333 11.64 3.49 82.4
Material: Dacron - As Received »
P = Lond at Failure, 9,650 Founds

& @ ©) ® ® ®
Stretch Mvg. Avg. % % Load
Inches ;:;ad Recovery Stretch Recovery $F
30.5 250 | 30.201 1.67 .69 2.6
31 473 30.437 3.3 1.82 k.9
31.5 720 30.708 5.00 2.52 7.5
32 1003 31.000 6.66 3.20 10.4
32.5 1353 31.291 8.3k 3.1 1k.0
33 1700 | 31.625 10.00 k.17 17.7
33.5 2193 31.979 11.64 &.54 2.7
34 2076 32.291 13.32 5.0 7.6
LL 34.5 3200 32.583 15.00 5.56 33.2

-
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4ND-NAEC+24SS(REV, 7.83)

NAEC-ENG TL61

PLATF NO. 11962 PAGE A1-19
r
Malerirl: Nylon - As Receivea
P = Load at Failure, 9,450 Founds
® |/® ©) ® ® ®
Avg.
Stretch Load Avg. % % Load
Inches Lb Recovery Stretch Recovery % P
30.5 183 30.300 1.67 .66 1.9
h31 273 30.600 3.31 1.34 2.9
3L.5 363 30.800 5.0C 2.22 b2
32 510 31.000 6.66 3.20 5.4
32.5 610 31.300 8.34 3.70 6.5
33 Th3 31.500 10.00 k.55 7.9
33.5 863 31.700 11.64 5.38 9.1
3 966 32.000 13.32 5.88 10.2
34.5 1110 32.200 15.00 6.67 11.7
L

.1



oNAEC.24SS(REV. 7.0)3)

NAEC-ENG T46L

PLATE NO. 11962 PAGE A1-20
r
i, A
@ © ©) ® ©) )
Stretch ggd | " Ave. % % Load
Inches Lb Recovery Stretch Recovery % P
30.5 256 30.300 1.67 .66 6.1-‘
3l U609 30.500 3.3 1.61 10.8
31.5 666 30.750 5.00 2.38 15.7
32 920 31.000 6.66 3.20 . 21.8
32.5 1150 31.200 8.3h4 4.00 27.1
33 1400 31.500 10.00 k.55 33.0
33.5 1626 31.750 11.64 5.22 38.3
34 1880 32.000 13.32 5.88 b 4
34.5 2180 32.300 15.00 6.38 51.4
35 2393 32.600 16.65 6.86 56.5
35.5 2680 32.950 18.31 7.20 ' €3.2
36 2890 | 33.250 20.00 7.65 €8.3
36.5 3080 33.562 21.65 8.06 T2.7

_|
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NDNAEC. 2438 (REV, 7.63)

NAEC-ENG 74G)

PLATE NO. 11962 PAGE A1 -2)
r
Materiel: Polypropyl.e.m - As Received i
e F = Losd at Fai{?, 7,900 Pounds
@ ® d ® ® ®
Avg.
Stretch Icad Avg. % % Loed
Inches Lb Recovery Stretch Recovery % F
30.5 210 30.300 1.67 .66 2.7 I
s | s | 30.600 3.31 1.28 v.8
B 31.5 630 30.800 5.00 2.22 8.0
32 90 | 30.900 6.66 3.4k 11.5
32.5 1220 31.100 8.3k L.06 L5
33 1570 31.400 10.00 4.85 , | 19.9
33.5 1930 31.700 11.6L 5.38 ob. b
34 2320 31.900 13.32 6.18 29.4
34.5 2760 32.200 15.00 6.68 35.0
35 310 32.437 16.65 7.34 40.0
35.5 3620 32.T700 18.31 T.90 46.0
36 B L030 33.000 20.00 8.33 51.0
L

=



OB B C JOVINEY  1:8D)

RAEC-ENG Tu6)

e e, 10082 PAGE A).22
= = e
MWierinl: lolrettylene Ire-Glressed to 2080 Founds
| » Loed st Peflure, 4,570 Founds
® @ ‘) ® ® ®
Avg.
Stretel Losd Ave. 4 $ Loed
Inchen W Recovery Streteh Recovery $F
30.9 w0 30.0%2 1.67 1.43 14.8
3l 1050 30.125 .3 2.82 22.3
1.5 1655 30.187 $.00 b.17 36.2
32 2060 30.250 6.66 5.46 45.0
32.5 2350 30.625 8.3 $.TT 51.3
33 2815 30.875 10.00 6.45 6.5
33.5 3070 31.187 11.65 6.90 66.5
34 3455 31.562 13.32 T.17 75.5
34.5 3750 31.875 15.00 7.62 82.0
Meterisl: Folyprupylene Pre-Stressed to 2400 Pounds
F = Load at Peilure, 7,780 Pounds
©) ©, ©), ® ® ®
Avg.
Stretch Load Avg. % % Load
Inches Lb Recovery Stretch Recovery %F
30.5 590 30.062 1.67 1.43 7.6
31 1085 30.125 3.31 2.82 1k.0
31.5 1635 30.312 5.00 3.78 21.0
32 2115 30.375 6.66 5.05 27.2
32.5 2670 30.625 8.34 5.TT 34.3
33 3170 30.875 10.00 6.45 40.7
3;5 3685 31.250 11.65 6.Th 46.8

-



ANDONAECo 2455 (REV, 7463) NAEC- ENG- TUE1
PLATE NO. 11862 PAGE A1-23
rr— ‘—b‘i.aterialz Sisal - Fire-stressed to 1400 Founds
F = Loed at Feilure, 3,915 Pounds
Q@ @ ©) ® ® ®
Avg.

Stretch Loed Avg. % % Load
Inches Lbs. Recovery Stretch Recovery % F
30.5 965 30.093 1.57 1.34 25.0
3 1625 30.312 3.31 2.22 41.0
31.5 2225 30.625 5.00 2.78 57.0
32 2925 31.000 6.66 3.20 75 .0
32.5 3900 | 31.437 8.34 3.27 99.0

Materiel: Menila - Fre-stressed to 1760 Pounds
P = Load et Feilure, 5,055 Founds
@ ® ©), ® ® ®
Avg.

Stretch Load Avg. % % Losd
Inches Lbs. Recovery Stretch Recovery % F
30.5 905 30.000 1.67 1.64 18.0
31 1905 30.156 3.31 2.72 38.0
31.5 2770 30.531 5.00 3.07 55.0
32 Lo2¢ 30.8T4 6.66 3.50 3.16



NAEC-ENG Tu6L

INDNAEC.2458(REV. 7-63)

PLATE NO. 11962 PAGE A1-24
r 7
e Meterisl: Decron Pra-Siressed to 3800 Pounds
P = Load at Failure, 9,050 Pounds
® @ ©) ® ® ®
Avg.
Stretch Loed Avg. % % Load
Inches Lb Recovery Streteh Recovery % P
30.5 i 5 30.031 1.67 1.54 7.9
31 | 1o | 30.094 3.3 2.92 14.8
| 31—:; o 2080 30.218 5.00 k.07 23.0
32 2845 30.343 6.66 5.18 31.4
32.5 3780 30.468 8.34 6.25 4.6
P Material: Nylon Pre-Stressed to 3880 Founds
P = Load at Failure, 9,580 Founds
® ® ©) ® ©) ®
Streteh gg& Avg. ' % Load
Inches Lb Recovery Streteh Recovery % P
30.5 365 30.062 1.67 1.4k 3.8
3 615 30.125 2.3 2.82 6.k
1.5 835 30.219 5.00 k.07 8.7
32 | 1150 30.312 6.66 5.28 12.0
32.5 1430 30.375 8.3% 6.54 14.9
33 1795 30.50C 10.00 7.58 18.7
33.5 2240 30.562 11.65 8.76 23.h
34 2760 30.625 13.32 9.95 28.8
3b.5 3135 30.7681 15.00 10.75 32.7
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CND.NAEC.2408A (Ngyv.,

r

s.04) NACC. ENG Thisl
PAGE A).2%

CALCULATION OF BULK
MODULUS OF ELASTICITY, K

MATERIAL : POLYPROPYLENE
DEFLECTION: O.172
TEMPERATURE : TQ°F

LOAD L : 9500 .8%

L
1 DEFL.
O
Nt~
@*’ SEGMENT
‘ StE MEW'A"
cs2Veig-in)
= AREA OF STLWEA /g0t
16 84D A9
-
Ks IV-'”‘
V

VOLUME OF ROPE EOM 1 1dCui LENGTw ¢

Vo 5.’1"ll R 1 ‘%‘2'1 ot

FOR SIMPLICITY ASSUME ALL COWPRESA O & Tagta,
EQUALLY 18 Tug TOP AND BOTIOM s ®an®: &F “wit
POINTS Of ALACTION .

h-% +.048 , Ces2V 04N( 39 -082) - 14



D.MAFC. 24384 (Egv. 3.00) .AEC.E“G_ T%l
PAGE Al-26

r 1

CALCULATION OF BULK (ConT'D)
s W2 A 3 639, 172 A1 39%07, A 2 19%20°

AREA = 1/2 % (.188)2(1.40% - 983) - 0.0074 N2
AV 2 4 x 0.0074 x| = 0,0296 IN2

ASSUME /3 CIRCUMFERENICE OF TOP STRAND 15 \N
CONTACT WITH LOAD L.

K= :v . :“:B';’: :Lx28.8: 5500x28.5

K2157,000 Ps\

FOR A DEFLECTION OF .08¢%

hS2%: 0.0215 ,  +2 VO OIS (375-0.0L8) - 0174

SN /2 A .f.’;%!sl ©0.4G%, /2 A= 21.6°, A:58.2°

AREA =1/2(.188)%(0.9554 - 0.82)1) = 6.01T7x 0.134:0.0024 IN2

AVs & % 0.002& x| 2 0,009 N2

Lx 2.8%
9.009%
o3%|

K=

W: Lx88.0



eNO.MAEC 28984 dRsv. B.04) NAEC- ENG- 71‘61
PAGE A1 -17

: ]
CALCULATION OF BULK (CONT'D)

BELOW 19 A TABULATION OF'K'VALVES FOR TWE CORE
MATERIAL S AT COMPRESSIONS OF 0.\7112 AND 0.086:

TABULATION oF "K AT 10°F ( K = LOAD * CONSTANT,C)

MATERIAL DEFL. | LOAD,\BS| CONSTANTC*| K,P5)
MANILA ¢.172 | 8,040 28.5 229,000
SISAL } | 0,250 f 291,500
POLYETHYLENE 5,500 157,060
POLYPROPYLENE 5, 500 \$7,000
NYLCN [ 5410 ¢ 154,000
DACRON 0.172 5,780 28 .5 \64, 000
MANILA 0086 | 72,600 88.0 229,000
S15AL | 3,550 5 212,000
POLYETHYLENE 1,900 161,000
POLYPROPYLENE \,800 158,060
NYLON ¥ 1,400 5 123,000
DACRON 0.086 | 1,400 88.0 123,000




