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ABSTRACT

A testing program wos initiated by U. S. Naval Civil Engineering Laboratory
to conduct dynomic tests on torque belonced wire and synthetic rope. The tests were
conducted ot the laberatories of Preformed Line Products Company, Cleveland, Cthio.

The scope of the werk was to provide dato so that a basis can be established
to sefect the best type of Jine for load-handling purposes in the deep ocean environment.
The tests consisted of tension vs elongation, rotation and kink formation, and longitidinal
dynamic response .

The tension elongation tests yieided data typicel to stranded line construction.

The rotation-kink tests reveoled that negligible refations resuited in the test
cables when under load and that no kinks were fcrmed when the load was suddenly
releosed,

The dynomic response tasts showed thut the measured dynamic stresses were
dependent upon the exciting frequency. The natural frequency for the synthetic rope’
sample wos 0.3 ¢ps and 0.6 ¢ps for the wire rope.




The tests indicated that the highest vaiues of combined static and dynomic

stresses occur at resonance which couid cause failure Gt the cable at poiats of high
stress concentration.

it is recommended that seme hydraulic porameters and random excitation be
introduced in ihe future testing of this type. Stress relieving fittings should be
investigeted for use on load handling iines in the oceun eavironment.
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Intrcdection

The t:ting progrom described harsin wis conducied for the Maval Civil
Enginsering Lobosutory, Contfroct 3o, N62399-69-C-0013, on government
furnished steel wire rise ond syrthatic rope. The tests were conducted of the
laboratorios of Preformed Line Products Conmiparry, Clevelend, Ohic.

The objective of this work ws to provide test dota to be omlyzed and
evaluated as a bosis for the seiection of the best type of op= for lood-handiing
purpozas in the deep oceon environment. The typos of tests conducted coneisiad
of temsion vs elongstion, rotation end kink formoticn, and longitudino! dynamic
response .

TENSION VS ELONGATION TEST

Description of Test Equipment

The «quipment used to conduct the temsicn elongction tests was ¢ horizontul
testing machine with o looding capocity of 50,000 pounds ond a spon length of 6G feet.
Fig. 1 is a schematic of the equipment.

The test mechine has noreotating clavis ends, one cttached o ¢ hydroulic rom:
and the other 1o on odiustoble dead~crd. The hydroulic system has a constant pressure
puemp with o Hlow contrel to vory the looding range. The lood innsing system iz compused
of commercial luud cails installed in series with electronic componsnts and o 24-inch
dial readout with vorying lood ronges up to 50,000 pounds.
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Because of the substantial differences in the physicol proparties of the
wire rope and the sy.zhetic rope, the iast setup was modified to suit the respective
test somples. Sinca the strength of the wire rope exceeded the test machine ioading
capacity, a force~doubling pulley arrangemunt was applied betwaen the machine ram
and its Some and one end of the test sample. A 200,000-pound Inad cell wes instailed
in series «ith the test sample to sernse the loud ond a Baidwin SR-4 Strain Anclyzer waos
esnploy=d to maasure the tersile load in the test somple as shewn in Fig. 2. Optical
cathometers were used to measure the eiongation. Fig. 3 shows the setup used.

The double Lolivy nrrangement was rot used for testing the synthetic rope,
how:ever, because of the stretch characteristics of the rope. The calculated elongation
of the rope revealed tna+ the machine som travzl wor insutficient. Therefore, turn~
buckles were used in line with the test somple to take up the initinl stretch. Fig. 4
si}ows the tesr setup used. Elongotion wos meaiured with < stee! tape to the neorsst
1/8 inch.

Test Semples

All tests were performed using govesr-ment furrished steel v.ire rope and
synthetic ropr. The wire sope was new. Fowever, there wos evidence that ihe
syrdhetic rope hod been in service poior to testing. The controcter was responsible
fer test sample terminations. The loops in the synthetic sape somples wern formed
by Semson Cordoge, Boston, Massachusetts and the wire rope was terminated with
spelter socket fittings. Specifications of the respective ropes ore listed in Figs. 5
ond &.

Test Procydece

Eoch test somple was ploced in the test machine and puiled taut to on initicl
tension of 1.0C0 pounds. A 60~inch goge length wos then morked with an accurscy
of £1/16 inch. .

Additienc! tersile load was then applied ot the ratv. of 0.619 inches per
minute in 5,000-pound increments. These incremental ioads were held for one
mirut. During the lood-holding periods, the corresponding elongotions of the goge
{ength were meosured ot the beginning and ogain vt the end of the holding periods.

- The duplicote macsurements weore mode ir: anticinotion of possible humei- errors and
% possible creep in the line material. Mecsurements weve takan up to 60 per cent
of the rated breaking stremyth of tha mx- wrial . The test .ampler were then pulled to
cestruction noting the opp. 2ximate breaking loud.

Test Results

Test results for the wire 1ope ore tob-slated in Takle: § and Il ond shown in
curve form in Fig. 7.

—— e —— - - - — e —————"




Test results for the syathetic rope are tabulated in Tuble I and shewn
in curve form in Fig. 8.

The ultimate fracture occurred at or near the tarmir< -~y device for coth
types of matericl. Fig. 9 revenls thet the wire rope failed at ¢ edge of the zinc

socket and Fig. 10 clearly shows the failure of the synthetic rope ot the junction
of the loop and the long end of the rupe.

Discussion
The following problems were encountered during this series of tests.

The breaking strength of the wire rope exceeded the test machine cape ‘ty.

A method tc obtain kigher loading was devised to utilize the existing test equipmeat .

The ram travel of the fest machine was limited. A system and technique to
take up the extersive stretch of synthetic rope had to be devised and employed.

Failures f the test somples below the rated breaking strength was a serious
problem. in the case of the synthetic rope, the required elongation readiny prior
to failure ..ot nor measured because of the premature failurz. This also caused
corcern for the sotety of the laboratory personnel who were taking elongation
readings. Nonrepeatability and deviation in measured dota was evident.

in order to obrain confident elongation readings on the wire rope, several
samples were tested. In the first somples, problems developed with the hydraulic
system and the somple waos cycled several times before it failed. The test somple
was loaded to the capocity of the test machine and then the load was releosed
and o pulley arrangement was installed. This technique resulted in o discontinuity
nnd a hysteresis curve as shown i Fig. 11,

A secord sumple was tested. There was o strong deviation of data in this
test and vpon inspection of the test sample it wos noted that at one socket fitting
a strond had slipped our prematurely which couid have caused the erratic readings.
This date wot discarded.

The most dependable date was obtained from the third sample tested and
the data is presented in Fig. 7.

Additional samples of rhe synthetic rope were not tested because it was
decided that the one test cleariy indicated the weakness of the synthetic rope
termination. T conduct further testing would have reguived cdditionai time ond
expenditure to design, develop and manufactuse o special end fitting to hold tha
full-rared strongth of the synthetic rope.

i
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For multistrarided cable such as used in these tests, the attainment of full
roted breakirg strength depends a grect deai upon the uniform loading of the
individual strands. This is not a simple task when using most commercial fittings.

Due to intrinsic variations in the tensile and physical properties of a
terminated ccble, several test samples should be tested in order to yield enough
data to determine an effective holding strength and a representative cable modulus
of elasticity Unfortunately, extra test samples were not available becouse of the
limited amount of material cn hand and for the economic reasons mentioned eorlier.

ROTATION AND KINK FORMATION TESTS

Test Equipment and Setup

The laboratory was faced with the problem of testing relatively long lengths
at various high loads in a vertical configuration. E-.isting laboratory equipment did
nct have the required amount of weight, the lifting capacity nor the needed heights.
Therafore, it was decided to conduct the rotation and kink tests outdoors at a local
scrap yord where the weights and o crane with lifting and height capocity were
availoble.

Each test somple wes vartically suspended from a boom having a locked clavis
attachment ot the top. The bottom end of the suspended test sompie was ‘ooded with
attached weights and wos free to rotate .

Four groups of preweighed weights wers used for each test somple. Weights
of 2,250, 4,500, 6,960, $,000 pounds wer: used to test the synthetic rope samples,
and 4,100, 7,800, 11,800, 15,400 pounds :were used to test the wire rope somples.

A 36-inch machinist scale was suspended from an upper goge mark of each
test somple to meas:;e elongation.

Visual observations of the associated rotations were made by means of
stationary and rotating markers, one on the ground ai.d one on the attacked weight
assembly, respectively.




Test Sompies

Eighr test samples were prepored as foifows:

Test Somzle Ho. i 17 feet 2 inches Synthetic
Tact Somple No, 2 10 feet i1 5/8 inches Wire
Jest Sompie He. 3 19 teet  5/8 inch Synthetic
Test Sample No, 4 15 feat 11 1/8 inches Wire
Tast Sompla No. § 18 feet 9 5/€ inches Synthetic
Test Sowpie No. 6 10 faet 13 5/8 inches Wirs
Test Somale No. 7 17 feet 11 1/3 inches Synthetic
Test Soerple . 8 il fee? 1|inch Wire

The leagits o the wirn rope wese measured from mouth-io-movth of the
societ fitting. Th: lergths for the syrthetic rope were measurad from pin-to-pin.

Tes? Procedure

Ab the beainaing af soch: 7est, the trest scnples wers z:eloaded with a tare
lood of 200 pounds. At thir $ine tie initiol nominol iecgth wos measured, the
120-incs; gOpe Teagth wor markied, visucl alignment of the end fikings wos ascestained
ond o ber.ch mers, ur 2800 meoding, for subsequent rofotion wos oblained.

Thy soxble was ther: icweed and the required weights wers atfoched
0 the tast sagis. Foeck (coded teit sample wos then roised off the grmund.
Diring tho raising process, the weighted end wos monucliy held by o technicion
in the zero prgition. The monual rotatione! restraint wos then refeased ond the
assemtly woz cliowed o rofote and osciliote freely. Observotions of the direction
and mognitude of the meximum rotutions wen: mode ond recorded. \When the
osciliotions sinoped, the elongation position of the lower guge mork vias meosured
ord recorded. {fig. 12)

The weighted oizembly was then dropped %o the ground by rapid’y lowering
the boom. The test somgpie wos allowed to coilopse sevacal feet. Observotions for
kink formatios were then mode. Figs. 13 ard 14 show the collopsed coble with a0
kinks.

Test Rasuils

The results ore tobulated in Tobles IV and V. Grophs ware not constructed
because the observed angulor rototions were comporatively smoli und inconsistent.
An gxonpie of th's inconsiziency con be seen in Toble V. During the outdoor testing
of tho synthetic rope, the somple rotated 225 degrees ot o i0ad of 4,500 pounds. Al
a loud of 6,900 pounds, the sampie rctotud 45 degress, ond ot 2,000 pounds, 135 dagrees.




Discussion

Prior to testing, it wos assumed that the constryctionaily torque-balanced
test somples wou!d tend o twist when looded a:ially and that they would form
charoctaristic kinks upon sudden releose of the tersile load. The testresults
indicate otherwise, and all the tests showed comporatively little or no rotation
and no kirks were formed. Becouse of the unexpected resulls, severs! repetitious
tests were run. Also, 6 suries of cechecks in the loborctory on tha hevizontal
testing machine were conducted to compare with dota obtained avtdocrs. In the
laboratory the test somples were attached t= o rotating clevis of thuat-beoring
nonstruction on one end to allow the sompie freedas of rotation during locding,
Despite some frictional resistonce cf the roisting cievis, these loborstary rechecis
svhstantiofly corresponded with the cutdoor resulis regording the order < mognitude
for the expected angulor rofation. Again, these anguicr movemerts wers vy small
in comporiton witn what might be expected from multistrond coble not hoirg:
torque-balance design features.

These test resisits indicote that the monufocturer’s claims to o torque-balonced
line were victuoily substanticted, ot least for the lengtihs of the test somples employed.
This does not imply thot the test somples were free of torque conditions. The fest
res:its broupht cttention 10 the need for finite rototional meosurements, xhen this dota
is required #5 extropolote samgle lengths 1o svbstanticlly fonger lengrhs of toraue-
balonced coble.

The ras;lts of no kink formotion indicoted that the torgue developed under
lord wes egligible for these cobie corstructions, resuiting in no rototion. Therefore,

t} re wos no coble distortive which wouid couse kinks in the cable, should o slock
condition suddenty develoc.

DYNAFRAIC RESPONSE

Considerctions Prior tes Testing

The isboratory was foced with numerdus test-enginzering problems prior 1o
testing. These problems ond their respective soiutions ors describsd o3 foliows.

Interpretation of reaiistic sec-stote periods cosresponded io relotively low
frequencies in iensile excifotion v.hich were coupled with: relotively smoli cyzlic
pecimer: disgiocements.

In order to determine the modifications required to motch our exceting
eqipren? copabilities with the test parformonce raquiremerss cs ovilintd, the
bosic dynomics of the test program were further oralyzed. The N.C.E.L.
Techrical Report No. 433 IAD 631 267) wos caviewed ond the mathemctizc!
modei was convested 20 o icbeiotory test model. Such efforts revecied the,
foliowing:

e ———
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1. Fundamental resonance can occur ot relotively low frequencies
& both rope materials, particulorly when design porometers were
scaled down to those of o lcboratory test mode!. Calculeticns ore
included at the enc of the rext.

Z, The mognitude cf the cyclic axial displocements did not enter inio
the dynomic response of the taut~-rope maoss system .

3. The instoliation of onother weight at the driving ead of the test
spen, for the purpcse of maintaining a nosinol rope semsion during
the cyclic excitation, did not ecsentially offect the dynamic response,
potticulorly ot resonance.

Procrice! test aquipment medifications, ond o test procedure wnd sehup
were devised and employed. Such aquipment was Lelieved to provide volid
simulotion of the dynomics invoived ir: 0 vertical oceon-iift sysiem.

The squipmect ceray, as shown in Figs. 15 ond 16, wos dssigned, fobricoted
and assembled for condicting this sesies of tests.

After some prelimincry tesls using the wire rope test sompie (qsipment ond
technique thoke~down period), zhe dymomic forces at ressnonce indicoted fhe nowd
for substortiol rope terminoting fittings . Thic requiremer? become aocute foc the
syathetic rope materiol, in Jight of the tesminotion deficiency expeciencad with
the loop tesminction during the previous tension elongotion fesss.

Because of this necesily, on escopsuioted tersinition of the syntheiic rope
wos daveioped ond wos cycied between 15,000 and 26,000 pounds iexpecied region
vnder the dynomic test eouipment} ir the tensiie 2esting sachine withaui any slippoge.

Test Sorpies

Soth types of rope materiol were fumished by N.C.3.L. fuy ware cux bo
length and equispod with bermincting fittings. The Jength of the whire rope test
somple veos 26 fect 7 incnes. The lenpth of the syrdhetic rope les? sompie wos
117 fae2 3 inches. 3oth lergths were mecaured snder o eainal ression of 16,600
pounds tersion atiie resting in the fest spon.

the tenminoting firtings for the wire rope were identice! 10 those described
and shown i Fig. 9.

The terminating fittiags for the si~theiic repe ware cominxred os f2tlous:

a. The core ond the outer layer itronds ware untwines o
thurooghly wested with Scotch~Cost INo. ? resin £3-24 peockret}.

b. The over-~loyer s'ronds were circumrerenticily plocesd ond
wedged by ¢ meicilic core piece cxoing? the irside well of
the clevis-iype socket fittirg.
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c. The core strands were fed through the large center hole of

the wedging cone piece. The extended core strands were
radially mushroomed outwerd.

d. The entire assembly was than potted with Scotch~Cast Mo. ¢

resin, making particulariy ceriain that sufficient resin was
presert in the necked cavity of the fitting.

Test Equipment, Setup and Instrumentation

The test equipment, setup and instrumentation ware common to both test
samples of wire and of synthetic rope, The overall arrangement is shown schematically
in Fig. 17. The constituents were as follows:

Abutments pravided the supporting structure for the spanned test assembly.

Guides offered horizontal guidance ot three different locations along
the span to minimize vibration to the tesi span.

Turnbuckles provided a means of fine adjustment in tensioning the
test samples to the desired ncminal 10,000-pound line tension.
One clevis stud of aach turnbuckle was instrumented with
strain gages to measure axial tensile load.

Pitlow Blocks provided the longitudinal guidance for the actuating
linkages. These pillow blocks were cons‘ructed of Thomson
linear ball bearings, thus offering minimal sliding friction,

Loading Beams & Dead Weights provided load multipliers and the
" maintenance of line fension. The driving beam end transmitted
the sinusoidal excitation. The pivoting beams were constructed
with antifriction ball bearings.

Load Cells were used to sense the tension variations ot the input and
output ends. The safe working load fer both load ceils was
18,000 pounds .

Linear Variable Differential Trensformers were used to measure the
longitudinal displocements.

Drive Mechanism provided the cyclic longitudinal displacements at
variable frequancies and amplitudes. The mechanism consisted
of a variable gear motor, sprocket-chain, jack-shaft reducrion
stage, driving o variable crank-arm, four-slide mechanism.

The slider was attached to the pivoted beom through a pin=slot.

O
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Instrumentation fecorder was a Honeywe!l No. 1020 multichannel
oscillograph. It was complemented with a Heiland oscillator
and carrier amplifiers. The recording galvos were of 1,600 cps
response .

Test Procedure

The test samples were instalied between the abutments of one of the 125-fooi
vibration beds. In order to arrive at the correzt final installed test sample lengths
between e end abutments required a predetermination of the load-free length of
the test sample.

For the wire rope, theoretical calculations of the required length were rather
straightforward. However, for the synthetic rope, predetermination of the langth was
not so easily accomplished. The theoretical calculations of the stretch only provided
a regional length. The exact length dimension was difficult to determine because of
the various inaccuracies of the physical date used to calculate the strsrch length when
under load. One of these factors was looseness of the external layer of the synthetic
rope . . Therefore, a trial ond error method was used. That is, a length of rope was
installed and the length under foad was noted. The sample was then removed and
shortened and then reterminated. The final load-free length resulted in o much shorter
length than the celculations indicated. The test samples were pulled into pesition by
using ratchet type line hoists. The test samples were then secured in the test span when
the inline load reoched 10,000 pounds for the wire rope and 13,000 pounds for the
synthetic rope. When the pulling end device was removed, the span line tension dropped
to somewhat below the requirad test load.

The final nominal tensioning to test load was accomplished by adjusting the
turi  uckles which were installed in series with the test samples. After acquiring
the desired test tension, the guides were attached to eliminate transvs rse vibration
of the test samples.

The required instrumentation used to sense the predetermined test parameters
was then installed and calibrated. This instrumentation consisted of two LVDT's to
measure the displacement at either end and two load cells to measure the force
variations ut the input and output end. During the cunning of the test ali the force
and displucement signals wsre simultaneousiy recorded on the osciilograph.

To reach the low natural frequercy of the tested taut~rope mass system, the
driver mechanism was started at a speed above resonance, then incrementally swept
upward about 5 cps and swept downward until the resonant frequency was reached
At resonance, the driven end of the wire rope displayed significontly large amplitudes
of displacement.

In the case of tha synthetic rope, resonance was not obtainable from the
machine drive because its lowest geared dovsnspeed wos not low enough to approach
the natural frequency of the system. The method used to obtain the natural frequency
was to rap the driven beom of the rate of about two or three times a second until an
apparent and sustaining resonance resulted.

C e e - P e Lt b v e
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In each test, simultaneous oscillographic recordings of the four sensors
were taken at incremental excited frequencies with two or three different
longitudinal cisplacement amplitudes. After completing the dynamic test, the
setups were disassembled and the individual moving parts were weighed. A list
of these weights is presented in Table XV, so that correlations with the associated
analytics can be accomplished.

Test Resul{s_

Test results for the wire rope are tabulated in Tables V1 through X and
shown in curve form in Fig. 18.

Test results for the synthetic rope are tabulated in Tobles X1 through XVI
and shown in curve form in Fig. 19.

A typical recording of the dyncmic response data is presented in Fig. 20.

These tests clearly indicated that the dynamic amplitudes and stress in the
rope were dependent upon the exciting input frequency. This dependence can be
more specifically related to the ratio of the exciting frequency and the natural
frequency for a givan taut-rope mass system. Although maximum dynamic amplitudes
were always obtained at resonance, mainiaining resonance was observed to be very
difficult because the resonance frequencies peaked over sharply and the delineation
between resencnt and sonresonant states was quite abrupt. Consequently, most of
the test results were obtained under nonresonant conditions. At these conditions,
the driven end was virtuuily at a standstill . This indicated that the input-exciting
displacements caused elostic elongations in the test samples.

Since the synthetic rope has a lower spring constant and associated dompening,

it had to be excited with larger Jongitudinal displacements than the wire rope in order
to yield readoble dota.

Discussion

Selection of the frequency spectrum

The taut rope-mass arrangement of this experimentation could be
compared to a spring~mass system with the support being sinusoidaily excited.
The natural frequency of such o simplified system is dependert upon the
effoctive spring constant ond the suspended mess.

In relating laboratory testing to a specific oceanographic application,
the k/m exprassien can vary widely. Such large variations can be caused by
the repe material, its length and the "virtuai” moss of the submerged corstitusnis.
The iaboratory axperiments indicared the rupe materic! and length appeared to
be the most effective parometers. Since the effective spring constant, k, varies
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inversely with the length of a line, relatively low natural frequencies would
be expected. In this regard, tha experimental setup simuiated o considerably
longer rope length than tke test sample due to the modifying dynamic effect
of the lever arm ratio, a/|, for the pivoting beam.

The employment of relatively low test frequencies can be further
suppcrted by laboratory test efferts in attempting to obtain and observe
maximum dynamic stresses in the cable. Maximum dynamic stresses-are
most easily obtained ot fundamental resonarce; that is when the frequency
of the exciting source equals the fundamental frequency of the taut rope
system. In reference to sea applications, the heaving movement of a ship
is choracterized by low frequencies.

Therefore, when the above aspects are <ombined, tha selection of

the reported test frequency spectrum (0.3 to 5.0 cps) appears to be in order
with realistic line parameters and with the expected excitations at sea.

Maximum stress

Measurements of the dynamic stresses indicated they can be of
significant magnitude occurring almost simultaneously and of equa! magnitude
at both endsintherelctsely shost laboratory test samples. Consequeritly,
fatigue may become a serious concern for an actual sea application.

The most likeiy occurrence of incipient fatigue may be at or near
the ship end, because ot that Iacation the state of combined stresses is the
most severe. In contrast, the magnitude of the combined stresses decredses
with increasing depth along a nonbuoyant line due to diminishing line weight.
However, high local stress concentration can result from attaching to the
cablo some fittings and appendages which do not have stresselieving design
features. These conditions con cause an early failure of the cable. In such
zases, failure usually occurs where these fittings are located along the submerged
line.

Combinad stress

A load-handling rope in the ocean can beand usually is, subjected
to a combination of steiic and dynomic stresses which cun exceed the critical
stress of the rope material and couse failure. These siresses are usvally axial,
torsional, flexural and radial compressive and are generally identifiable.
Howzvar, rodial compressive stresses are not easily defined and do not lend
themselves fo analytical solutions. For example, in the case where two layers
of individuol wires are stranded in opposite loy direction, as in double-armored

— S ———
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cable, there is point-to~-point contact between the twe layers and any
radial comprassive stresses, such as passage over a sheave or the attachment
of any bolted hardware to the line, will contribute to the high levels of
localized st. uss concentration.*

The need :ar endurance information under combined stresses and
wet conditions hove become apparent. Such data would provide an ultimate
meaning to field ard lahorstory determinations.

Elongaticns

During the past it was observed that ot resonance the elostic
elongations of the rope were tov:ard the driven or output end. During
nonresonance the elongotion took ploce in the opposite direction, toword
the input or simulated ship end. This can be observed from Fig. 19, ond
by noting the dynamic response Tables V! through XVi. Referring to Fig. 19,
at resonant frequencies the output-input ratio is relativeiy high compared to
the nonfrequency ratios.

For exompie, fiom Fig, 12 and Table Yll, ot a frequency of .60 cps
the input displocement is 90 mils and the output displacement is 700 mils.
The ratio is 7.78. However, at a nonresorant frequency of 1.5 cps and
nigher, the ratio teads to become flat but ot @ much lower valuve of .040 ot
3.00 cps.

Relating these observations 7o a combined construction of wire and
synthetic ropes, then substantially ol! the dynomic elongations would occur
in the synihetic rope whether at resonance or at norresonance .

Problems encountered

Soms expevimental problem areus may be outlined as:

1. A comprehensive test engineering anclysis w1s necessitated
orior to the design of the experimental 2quipment.

2. The appropriateness, limitations and modifications of the
existing facilities had to be thoroughly explored.

3. The need for a suitable, dynomic terminoting firting for the
synthetic rope wos required and hod ¢ be constructed so os
to insure succassful completion of the test progrom.

* J. C. Poffenberger, E. A. Copadona, ond R. B. Siter, “Dynumic testing of catles,”
Transactions, 2nd Aanval Marine Technology Society Conference, Washington, D. C.,
Exploiting the ocean, pp 485-523. June 27 - 29, 1966.
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The loboratory experiments indicated the rope material and {ength appeared
tc be the porometers which most affected the k/m expression. The tests aiso confirmed
the relatively low notural frequencies which were expected ir: the considerable longer
rope lengths used in the oceun.

The loboratory tests also indicated that the maximum Jdyromic stresses usually
occur at fundomental resonent frequencies of the zope system. Measuremants of these
dynomic stresses showed that they can b2 of significant magnitude occurring simul-
tanesously at both ends of the veiatively s ort laborasory somples. A study of Fig. 20
and the dynomic response tables indicute this situation ond also revecl thot at resonance
the elustic elongotions of she rope are toward the driven or output end. During
nonresonance, the elongation tckes place in the opposite dicection, toword the simulated
ship end.

SECOMMENDATIONS

1. Closer simulotion of the sea opplicotion may be obtained by introducing some
of the hydraulic parcmeters, viz., drag, buoyoncy.

2. Random locding of test samples shouid be investigated. Under random loading
conditions, low frequency resonance becomes difficult to sustain because the
resonont frequencies peaked very sharply and the delinection between resonont
ard norvesonant state was abrupt.

2. Endurance dota for verious rape material is needed and is of great impertan:e
in the sea environment. The needed endurance data could be categorized os ¢
high state of stress combined with ¢ low cycle life, and a low state of stress
combined with high cycle life.

4. Terminating fittings theuld be corefully selected in conjunction with the
assecicted dynamice since the weakest link in some systems is ot or neor the
terminction.

5. A reiiable terminating device shouid be designed and empioyed, in order to
establish an adequote basis for comporison and selection of the best type of
iine for load~hondling purposes. Then, a relatively Jorge nomber of sompies
should be tested. Testing cf severci somples is desirchle for any moterial. This
desirability becom s especially ocute for stranded line moterials which ore
inherently characterized by nonuniformity of loading along the individucl stronds
and/or omong their groupings .

6. More sophisticated instrumentation should be developed to obtain verrier rotation
measurements which could become useful, so that the omount of rotation from
reiatively short length laboratory somples could be 2xtrapolated to longer field
fengths. If loops hod been formed ond kinks developed on short lengths in the
loboratery, then it could be sofely assummed that loops and kinks wif! form on
very fong lengths.

— - T e o et Se——————
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7. It is rezommended thot the rotation kink formation phase of testing be further
invastigated from the standpoint of determining how much rotation is actually

needed to form a loop and a kink.
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TABLE §

TENSIOM ELONGATION DATA FOR WIRE ROPE SAMPLE NO. 1 *

Gage Length — 80 inches

£ Ist Loading Cycle Unloading Cycle 2nd Loading Cycle**

Load Efongation Load Elongation {.0ad Elongation
(tbs) {ins) (ibs) (ins} {1bs) {ins)
1,000 .000 50,000 .30¢ 10,00¢ .000
5,000 047 45,000 341 20,060 .056
10,000 .084 40,000 .298 30,000 .100
15,000 123 35,000 .254 40,000 146
20,000 132 30,000 .228 50,000 .236
25,000 170 25,000 190 55,000 242
30,000 .202 20,006 .152 60,000 .307
35,000 .204 t5,000 . 142 673,000 329
40,000 .232 10,000 105
45,000 .263 5,000 .055
50,060 .306 1,000 .029

* See Hysteresis Curve Fig. 11.

** Force multiplying pulley urrangement wos installed to obtain higher locding:.
ying pulley

| AN s bt pag? 4 8 OO TO IS ¢




TABLF 1

TENSIOMN ELONGATION DATA FOR WIRE ROPE SAMPLE NO. 3

Gage Length -~ 60 inches

Load Elongation
{ibs) (ins)
1,000 .000
5,000 .103
10,000 .152
15,000 .184
20,000 274
25,000 .260
30,000 .296
35,000 .335
40,000 .366
45,000 410
50,000 .433
55,000 494
60,000 528
Wire rope failed ot 66,500 pounds.
TABLE il

TENSION ELONGATION DATA FOR SYNTHETIC ROPE SAMPLE NO. 1

Gage Length — 60 inches

Load Elongation
(ibs) {ins)
1,000 0.00
2,000 0.50
5,000 2.00
10,000 4.3
15,000 6.50
26,000 8.44
25,000 10.63

Synthetic rope failed at 29,200 pounds.




TABLE tv
ROTATION AND ELONGATION DATA FOR WIRE ROPE

(Outdor Measurements)

Lead Specimen No. Elongation Rotation
{ibs) (ine) (degrees)
200 ¢ ]

4,100 2 6/64 2
7,800 4 7/64 45
11,800 6 14/64 90
15,400 8 12/64 135
(Loboratory Meosurements)

l.ood Specimen No. Elongation Rofation

(ks Grs) ogrees)
200 0 0
4,100 2 5/64 20
7,800 4 10/64 5
11,800 6 13/64 9
15,400 8 17/64 4




———

toed
{tbs)

2,250
4,500
6,900

9,000

TABLE V

ROTATION AND ELONGATION DATA FOR SYNTHETIC ROPE
(Cuiisoor rAeos:rements)

imen No. Elongation Rotation
{ins) (degrees)
0 ¢
1 4 11/64 ¢
3 7 32/64 225
7 9 43/64 45

—— s .~ o~




TABLE VI
STEEL WIRE ROPE DYNAMIC RESPONSE DATA

Excitation Displacemant: 60 Mil Peak~to-Peak

Remarks

Line Terelon: 10,250 lbs

j " T IPTINN

ok 53IRNERI838888388888
414 X«

L 3543384898 285888888488
2.

K1

k4

£l =

.g;f :

32 3333292 TIVL3ILILLY |
E X
s3l2

58 8RE882383R]888838%8888

PPV

Force o

Input (F)

(ike)

283588388383238338383

Frequency

cm)

---------------------
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’ TABLE XVHI

WEIGHTS OF INDIVIDUAL MOVING COMPONENTS USED IN
DVNAMIC RESPONSE TESTS

Driving End
Weight and Basket 670lbs 6oz
Beam and Clevis 73lbs 7oz
Pillow Block Shaft illbs 150z
LVDT Actuator Core 2bs Ooz
Turnbuckle Assembly 21lbs 3oz

Driven End
Weight and Basket 1,127 lbs 50z
Beam & Clevis 76ibs 3oz
Pillow Block Shaft 11lbs 110z
LVDT Actuator Core 3lbs 140z
Turnbuckle Assembly 21 lbs 120z
Wire Rope Test Sample with Fittings 171lbs 7 oz

Synthetic Rope Test Sample Fittings 691lbs 8oz
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Fig. 12 Elongation was Measured after
Oscillotion Stopped.

R
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Fig 13 Tygical Result Showing the Absence of Kink Formations when the foad
was Suddenly Released in the Retation-Kink Test of the Wire Rope Semples.

" . ——




Fig. 14 Typical Result Showing the Absence of Kink Formation when the
Loads were Suddenly Released in the Rotafion-Kink Test of the
Synthetic Rope Samples.
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DYNAMIC EFFECTS OF LEVER ARM RATIO

Censideration *

In the ocean: o

The frequeacy ic

¥

APPENDIX A

rope of undetermired length. The dompening effects
Of sea water were not considered.

- /X

M

T

wherzs K = — and

hence K = =

o.o )
let C

then

e ° C

Corsideration Il

In the loboratory. (Refer to Fig. 16.)

L
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m

Ly
= JAE

L: M
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m==="
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To cbtuin the some laading in the laborctory as expected on the oceon
rope, a pivating beom wus ysed with a ferce mulfipliar of § .
a

.0 =4 m
o
end
AL
C = =
thern
14
‘ c[ i
w T ‘T"“"
g ted

It can be suen thot the souivalent fengtis of ozean rope to give the same
frequencies of in the Iaboratory test, rope is | X Lo ° This is equal 0 15 4; o
- z

G

thas 115 feet of Ichoratory test rope simulated an oceen rope length of 1,725 feet.
A fist of symbols.

Beam tever cem %es;g!&, shost fength.
= Cross sectionol ares of rope.-

[3
= Constant ,,’%:-

a

A

C

£ = Modulus of elasticity of rope.

K = 3pring covstont cf ocean rope.

k = Spring coactunt of laberatory rope.
I = Benm lever onx length, long length.
Ly = Length of ocesn rope.

Lz <= Length of lcborory rope.

}

T2

M = Mossinocesn. =
= Moass in ioboratory.

T = Kope temsica.

oy

w = Argular frequencies in rodions per second.
Eiongstion.

o
it
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