DESCRI PTI ON HYBRI D ROPE AND METHOD FOR MANUFACTURI NG THE SAME
Technical Eigid The present invention relates to a hybrid rope
used for crane running ropes, ship nooring ropes, and ot her
applications, and to a nethod for nmanufacturing such a hybrid rope,
10 Background Art Wre ropes are used as runni ng ropes and
nmooring ropes. Fig. 7 shows a conventionally typical steel wire rope
used for running ropes and nooring ropes. The steel wire rope 50

i ncl udes an I WRC (I ndependent. VWESORIPIICIHNe) 51 arranged at the
center thereof and six steel side 15 strands 52 formed in a manner
laid around the IWRC 51. The IWRC 51 is fornmed by |aying seven steel
strands 53. U S. Patent No. 4,887,422 discloses a hybrid rope

i ncl udi ng MOYBRADI RECHANDNMETHED FOR MANUOPE FURANGEUTHL SAME
center thereof and nultiple steel strands laid around the fiber rope.
Fi ber ropes are lighter 20 than | WRCs and therefore the hybrid rope
is lighter than steel wire ropes. Cenerally in fiber ropes, the
rati osof Tdeant@nFibg strength of a fiber rope to the tensile strength
of a filanent (a single fiber or a line elenent) included in thle
fiber rope st rgngph : €] [ : [ sile
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for manufacturing such a hybrid rope.

10  Background Art

Wire ropes are used as running ropes and mooring ropes. Fig. 7
shows a conventionally typical steel wire rope used for running ropes and
mooring ropes. The steel wire rope 50 includes an IWRC (Independent
Wire Rope Core) 51 arranged at the center thereof and six steel side

15  strands 52 formed in a manner laid around the IWRC 51. The IWRC 51 is
formed by laying seven steel strands 53.

U.S. Patent No. 4,887,422 discloses a hybrid rope including not an
IWRC 51 but rather a fiber rope arranged at the center thereof and
multiple steel strands laid around the fiber rope. Fiber ropes are lighter

20  than IWRCs and therefore the hybrid rope is lighter than steel wire ropes.

Generally in fiber ropes, the ratio of the tensile strength of a fiber
rope to the tensile strength of a filament (a single fiber or a line element)
included in the fiber rope (strength use efficiency) is low. That is, the
tensile strength of a fiber rope formed by laying many fiber filaments is

25 lower than the tensile strength of one of the fiber filaments. For this



reason, using not an IVWRC but rather a fiber rope may result in that
the tensile strength does not reach that of steel wire ropes of the
sane dianeter including an | WRC. Sunmary of the Invention An
obj ect of the present invention is to provide a hybrid rope
exhibiting a tensile strength equal to or higher than that of steel
wi re ropes including an MEC Anot her object of the present
invention is to provide a hybrid rope 10 not to cause damage readily
in a fibercasopeusigemopraesENRG bentatheriasfikr epeaday aesultybrthdt thpe
including a high strength synthetic fiber core and nultiple side
strands e@zabkiltctreegthylobanongeanl thigilof ss¢dalirairopss afihel ssimeon t he
outer periphery of the high strength synthetic fiber core, in which

t he hi gh dinnesngt mQydideein EWROer 15 core conprises a high strength
synthetic fiber rope formed by braiding nmultiple high strength
synthetic fiber bundl es each conposed of nultiple high strength
synthetic fiber filanents, and in which giveifthat the pitch of braid

of the hiShmsiseneitiheIvRbAgbhLc fiber bundles is represented by "L"
and the dianmeter of the high strength synthetic fiber rope is

represented by Adohq Ll - 0 6.7.
The hi gh st rengﬁlﬂOE{%?%@CH%SIB%I?lf#ieﬁgc%lsfggﬁr@guggygzﬁgr In errul tiple

hi gh str h: i: i N i . het i

fi bor burdr A0 RHER 2EhE: rBBEapLRE R orrbeht) PR R Rr oL Sept BRBFones
synt heti c_fi filpfRt s such as aramd fibers, ultrahigh nolecular
wei ght 25m5%) O@é ﬁ’l)?l ene Tibers, polyarylate fibers, PRO fibers, or
carbon fibers. |n . the resent invention the high strength,synthetic
fiber rope i s ranbir abRish SE e RERE: ERBwtn Pty Eadmmat Fepen
tensil e strength of, 20 g/d 9 kg/ltrun2) or higher Wen the hybrid,
r ope i, %‘ﬁ}pqoi‘@d{se\ﬂiam?% ]Ee@%]ézg’llé‘ gﬁi’@%}""%‘he hi gh strength synthetic
fi ber rope, which is formed by braiding rmultiple high strength
synthetic fiberl BupERse8t pmRtgkissdize¢teditpa hyhrid rape dnelpslinsmodyiah
Since the contraction is_caused bé a uniformforce, the shape of the
hi gh st restgemetdysitibetie fepepre apeé mukihtle side stands each famnedhal |y
circular shape can he maintained to exhibit a high shape maintaining
ef fect. laying multiple steel wires and laid on the outer periphery of the high

strength synthetic fiber core, in which the high strength synthetic fiber
15  core comprises a high strength synthetic fiber rope formed by braiding
multiple high strength synthetic fiber bundles each composed of multiple
high strength synthetic fiber filaments, and in which given'that the pitch of
braid of the high strength synthetic fiber bundles is represented by “L” and
the diameter of the high strength synthetic fiber rope is represented by “d”,
20  the value L/d is equal to or higher than 6.7.

The high strength synthetic fiber rope is formed by braiding
multiple high strength synthetic fiber bundles. The- high strength
synthetic fiber bundles are each formed by bundling multiple high strength
synthetic fiber filaments such as aramid fibers, ultrahigh molecular weight

25  polyethylene fibers, polyarylate fibers, PBO fibers, or carbon fibers. In the



Multiple side strands are laid on the outer periphery of the high 1.0
strength synthetic fiber rope. The side strands are each fornmed by
laying nultiple steel wires. The multiple side strands nmay be laid on
t he outer i phery of the high strength synthetic fiber rope in an
ordinary lay or Lang's |lay. The nunber of the high strength synthetic
fiber filaments form ng each high strength synthetic fiber bundl e and
the nunber of the .15 high strength synthetic fiber bundles form ng

t he hi gh ptesengimventiirhehehigh berenpopeyatletitefibaerbprcicdortnng wstng f or
exanple, the dianeter required for the hybrid rope. The hi gh

strengt h symtihleeiciftberi flameorapeabladasisgaltbesilowirghitlanfi2@ kas (259
coefficient and therefore higher fatigue strength than steel wre

rope V cokghnfue) @ highRes) WHed e BiiRd dbpsed 8ppliddatith & teh&ide Rhi1@B,

strength synthetic fiber rope is light, easy to bend, and less |ikely

to fatigughaBRINSHeheResfitheeicaMRyi6at | WARKOE HhARsH ¥y MndaRedultifhe
hybrid rope enpl oyi ng such a high strength synthetic fiber rope 1's
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the tensile strength ‘of fiber ropes includin streng
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10  strength synthetic fiber rope. The side strands are each formed by laying
multiple steel wires. The multiple side strands may be laid on the outer
periphery of the high strength synthetic fiber rope in an ordinary lay or
Lang’s lay. The number of the high strength synthetic fiber filaments
forming each high strength synthetic fiber bundle and the number of the
15 high strength synthetic fiber bundles forming the high strength synthetic
fiber rope are defined according to, for example, the diameter required for
the hybrid rope.
The high strength synthetic fiber rope has a smaller weight and
elastic coefficient and therefore higher fatigue strength than steel wire rope
20  cores (e.g. IWRCs) of the same diameter. That is, the high strength
synthetic fiber rope is light, easy to bend, and less likely to fatigue against
repetitive applications of tension and bend. The hybrid rope employing
such a high strength synthetic fiber rope is also light and offers high
flexibility and durability.

25 In general, the tensile strength of fiber ropes including high



The hybrid rope according to the present invention is characterized
in that given that the pitch of braid of the high strength synthetic
fi ber bundles formng the high strength synthetic fiber rope provided
at the center of the hybrid rope is represented byand the di aneter of
the high strength synthetic fiber rope is represented by "d", the
value Lid is equal to or higher than 6.7. Since the dianeter "d" of
the high strength synthetic fiber rope i.s defined according to, for
exanpl e, sthengilaspaithetioffiteheaohybrares dppetdingerptlovangld ddan (filtnal
product, the value Lid is generally adjusted by the pitch of braid
"L" of thengleohithireepgittositatrbps agis) b Ebebbudiks. forming thd fi®ek epger
the pitch of braid. "If of the high strength synthetic fiber bundl es,

that is, Theshigherthbhagtabfmyldfbhetfitrsiaidies, thieighel hotedle of
the 20 high strength synthetic fiber bundles and thereby th.e
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rope becones. That is, braiding nultiple high strength synthétic
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strength synthetic fiber rope wt ten e strength an
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val ue Lid(j% equal to or higher than 6.7 offered tensile strength
equal to P gher than that of steel wre ropes (e.g. |SVRes) of the

same dianeter fQrmed hy |ayin Itiple steel wires.. The hybrid .rope
according to th@“gﬁgé’é‘ﬂtropé\?@g@%ﬂg ﬁgx‘;ﬁ%@r%%t@w%mﬂ%g% Sl Hate
fiber rope formed by braidin |tiple high strength synthetic fiber
bundl ¥5 siicthatiggyen a'v&rwtgh g}* braid pidhe thagh stremghb synhbefieiibent f er s

a tensile strength equal to_or higher than that of conventional,
steel wi rleupdlgedormig Heghigh) stagngthesiayhetidifbestrepe papvidaddittthenal | y
is light and offers high flexibility and durability, as nentioned.
above.  center pf thgabykitid dopens repredetedabst Gasane thediamhtar dffthetegh
value Lid is equal to or higher than 6.7, the ratio of the tensile
st rengt h strengich sighesicifirgtriops yarémtesenteddeyr “d’opke valudb/d snsjuad to
strength of the high strength synthetic
or higher than 6.7. Since the diameter “d” of the high strength synthetic
15  fiber rope is defined according to, for example, the diameter of the hybrid
rope to be provided as a final product, the value L/d is generally adjusted
by the pitch of braid “L” of the high strength synthetic fiber bundles.
The longer the pitch of braid “L” of the high strength synthetic fiber
bundles, that is, the higher the value L/d, the smaller the angle of lay of the
20  high strength synthetic fiber bundles and thereby the higher the tensile
strength of the high strength synthetic fiber rope becomes. That is,
braiding multiple high strength synthetic fiber bundles at a long pitch of
braid “L” can result in a high strength synthetic fiber rope with a high
tensile strength and therefore a hybrid rope with a high tensile strength

25 including the high strength synthetic fiber rope.



15 fiber filament (strength use efficiency) is 50% or nore, The
present invention can increase the strength use efficiency of the

hi gh strength synthetic fiber rope and accordingly the tensile
strength of the hybrid rope. The. higher the value Ltd (i.e.
the longer the pitch of braid "Il of the high strength synthetic

fi ber bundles), the higher the tensile strength of 20 the high
strength synthetic fiber rope becones as nenti oned above, while on
the contrary. th.weas owwdfirmhéd bglegreesiloftest drgahidrigh ebemgahisgnthefior e
fracture) of the high strength synthetic fiber rope beconmes. if the
degr ee of fibbongat foomedfbyt beailighnstltiphghiphsstnéherh eydthbeic filepe
within, the hybrid rope is | ower than the degree of el ongation of the

steel sidpuslileandgh2haath@rghi DU @RS tb Br hitehdiyiiainde 7afffore@d y t he
hi gh strength synthetic fiber rope may fracture within the hybrid
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degree of elongation of the high strength synthetic fiber rope is
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high flexibility and durability, as mentioned above.
It was also confirmed by a tensile test that if the value L/d is equal
to or higher than 6.7, the ratio of the tensile strength of the high strength
synthetic fiber rope to the tensile strength of the high strength synthetic
15 fiber filament (strength use efficiency) is 50% or more. The present
invention can increase the strength use efficiency of the high strength
synthetic fiber rope and accordingly the tensile strength of the hybrid rope.
The higher the value L/d (i.e. the longer the pitch of braid “L” of the
high strength synthetic fiber bundles), the higher the tensile strength of
20  the high strength synthetic fiber rope becomes as mentioned above, while
on the contrary, the lower the degree of elongation (elongation before
fracture) of the high strength synthetic fiber rope becomes. If the degree
of elongation of the high strength synthetic fiber rope within the hybrid

rope is lower than the degree of elongation of the steel side strands

25 arranged outermost in the hybrid rope, only the high strength synthetic



15 1t was confirmed by a tensile test that the high strength,
synthetic fiber rope, if the value Lid is equal to or |ower than 13,
exhi bited an el ongation of 4% or nore. The degree of el ongation of
steel side strands used. in hybrid ropes is generally 3 to 4% If the
value Lid is 13 as nentioned above, the high strength synthetic fiber
rope exhibits an elongation of 4% 20 approximtely the sane as the
degree of elongation of the side strands. If the value Lid is | ower

t han 13, fiber dggr waydiracheagdthianthefhibred hoghd stiherdiehiseyoftthethybrid

fi ber rope becones higher than the degree of elongation of the side

strands. #dyes CRnadddes ehishaoblss) fie ddgret batloaghyiohhd thedlight rengt h
synthetic fiber rope may fracture within the hybrid rope during the
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may be even ower (e.g. limted to be equal to or lower than Itil)

to furthegosedugeldietRAssf td dilly stdldson! y the high strength
synthetic fiber rope may fracture wwthin the hybrid rope during the
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force, the braided sl eeve contracts (radially) inward to sgueeze on
the ol er sgachyirdednbitielayarflegree aglanatindinat plorgrber. r dperdiore a

uni form force. Thus, the shape of the high 15strength synthetic fiber
rope, thath¢ degregenfwlosgatamrel Greahigh dirergibasyrdhape fiber rope can also

be adjusted by the pitch of braid “L” of the high strength synthetic fiber
bundles.
The value L/d is preferably limited to be equal to or lower than 13.
15 It was confirmed by a tensile test that the high strength synthetic fiber
rope, if the value L/d is equal to or lower than 13, exhibited an elongation
of 4% or more. The degree of elongation of steel side strands used in
hybrid ropes is generally 3 to 4%. If the value L/d is 13 as mentioned
above, the high strength synthetic fiber rope exhibits an elongation of 4%,
20 approximately the same as the degree of elongation of the side strands. If
the value L/d is lower than 13, the degree of elongation of the high strength
synthetic fiber rope becomes higher than the degree of elongation of the
side strands. This can reduce the possibility that only the high strength
synthetic fiber rope may fracture within the hybrid rope during the use of

25  the hybrid rope. It will be understood that the value L/d may be even



can al so be nmaintained by the braided sleeve to prevent the | ocal
deformation (1l oss of shape) of the high strength synthetic fiber rope
and therethre the deterioration of the tensile strength. In addition,
the brai ded sl eeve can prevent the high strength synthetic fiber rope
from 20 being scratched or danaged. I n anot her inplenentation,
the high strength synthetic fiber core further conprises a resin

| ayer covering the outer periphery of the braided sl eeve. The outer
peri pher ylofer (eez. Himitdédo deaepel its of hausercthear £0) wi furthdroredexcarthee, a
synthetic plastic resin layer. The resin |layer can absorb or 25
reduce i npasdibilityadat balyatiy hied, sthengtlr dhghefic ébentropdendit ffacture
strength synthetic fiber rope from bei ng damaged or def or ned.

The resi nwlighiarthprigfteidbbpe fasing thbiekngsbe tlybPirdp@m or nore. The
resin layer, if too thin, may rapture. Wth a thickness of 0.2 nmm or

nore, inpact forcgs iaiRbm@dtdi@oh NheMigh StdeRAtdy nENBliPEbES chidRIrthope
provided at the center of the hybrid rope can be absorbed or reduced
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th.e hybrid rope is spec as a final product, e high strengt
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's | o ﬂ%%r%icféd sleeve is formed in a manner arranged cross-sectionally on the
outer periphery of the high strength synthetic fiber rope. When the
hybrid rope is applied with a tensile force, the braided sleeve contracts
(radially) inward to squeeze on the outer periphery of the high strength
synthetic fiber rope with a uniform force. Thus, the shape of the high
15  strength synthetic fiber rope, that is, the cross-sectionally circular shape
can also be maintained by the braided sleeve to prevent the local
deformation (loss of shape) of the high strength synthetic fiber rope and
therefore the deterioration of the tensile strength. In addition, the
braided sleeve can prevent the high strength synthetic fiber rope from
20  being scratched or damaged.

In another implementation, the high strength synthetic fiber core
further comprises a resin layer covering the outer periphery of the braided
sleeve. The outer periphery of the braided sleeve is thus covered with, for
example, a synthetic plastic resin layer. The resin layer can absorb or

25 reduce impact forces, if may be applied, to further prevent the high



15 As a final product, the hybrid rope can offer a predeterm ned
tensile strength because the high strength synthetic fiber rope
accounts for a higher percentage of the high strength synthetic fiber
core. A high strength synthetic fiber rope nay be arranged not
only at the center of the hybrid rope but also at the center of each
of the multiple 20 side strands outernost in the hybrid rope. In an

i npl ementation, a high strength synthetic fiber rope is arranged at

t he cent estrehgdasyntdfetichigbardopie dt@ndiedeg dhnerpdd. oridiferméd.ows t he
hybrid rope to have a smaller weight and. also a higher resistance to

fatigue. It w | Thbeesindayst pedetdidy Hasen thighnsds @MYL nsyort hete c Thber
rope arranged at the center of each side 25 strand may al so he

covered Wrédinday@sifitobaed, mhyirhpelire. SWthan tHiskAledd of 0. 2eN@ @Smore,
nenti oned above may be forned between the outer periphery of the high
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strand and the resin layer. Also In eac the multiple sid
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cross- Secﬁﬁe%'}%{blg rrg(?ulrfad to have a relatively small diameter. The cross-
sectional area of the resin layer preferably accounts for less than 30% of
10 the cross-sectional area of the high strength synthetic fiber core, which
consists of three layers: high strength synthetic fiber rope, braided sleeve,
and resin layer. That is, given that the cross-sectional area of the resin
layer is represented by D1 and the cross-sectional area of the high strength
synthetic fiber core is represented by D2, the value D1/D2 is lower than 0.3.
15 As a final product, the hybrid rope can offer a predetermined tensile
strength because the high strength synthetic fiber rope accounts for a
higher percentage of the high strength synthetic fiber core.
A high strength synthetic fiber rope may be arranged not only at
the center of the hybrid rope but also at the center of each of the multiple
20  side strands outermost in the hybrid rope. In an implementation, a high
strength synthetic fiber rope is arranged at the center of each of the
multiple side strands. This allows the hybrid rope to have a smaller
weight and also a higher resistance to fatigue. It will be understood that

the high strength synthetic fiber rope arranged at the center of each side

25  strand may also be covered with a resin layer. Further, such a braided



10 the braided sleeve is represented by 135 in each of the nmultiple
side strands, the value D3/ (D3+D4-1-D5) is |ower than 0. 3. In
an i nplenentation, the side strands are prepared in Seale form
Conpared to Warrington form the inner peripheral portion in Seale
formhas a cross-section closer to a circle, The cross-sectionally
circular shape of the high strength synthetic fiber rope arranged at
the center of each side strand can be naintained to prevent the

def or mat i slkee(é assnaitichapahowaf miafcd opmedrithtwicbartab aueeit periphery of
deterioration of the tensile strength. The present invention is also

directed tlge BigrettredgfosymiRticdiidimopd agtemze da ity échteOpLe@ch side
menti oned. above in which nmultiple 20 side strands each forned by

I'ayi ng muktrapldenrst 68 redih @syar e 1aid on the outer periphery of a high
strength synthetic fiber rope formed by braiding multiple high
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10 the braided sleeve is represented by D5 in each of the multiple side strands,
the value D3/(D3+D4+D5) is lower than 0.3.
In an implementation, the side strands are prepared in Seale form.
Compared to Warrington form, the inner peripheral portion in Seale form
has a cross-section closer to a circle. The cross-sectionally circular shape
15  of the high strength synthetic fiber rope arranged at the center of each side
strand can be maintained to prevent the deformation (loss of shape) of the
rope and therefore the deterioration of the tensile strength.
The present invention is also directed to a method for
manufacturing such a hybrid rope as mentioned above in which multiple
20 side strands each formed by laying multiple steel wires are laid on the
outer periphery of a high strength synthetic fiber rope formed by braiding
multiple high strength synthetic fiber bundles each composed of multiple
high strength synthetic fiber filaments, in which the pitch of braid “L” of
the high strength synthetic fiber bundles is adjusted such that the tensile

25  strength of the high strength synthetic fiber rope is equal to or higher than



synthetic fiber rope included in the hybrid rope according to the
first enbodi nent. Fi gs. 4A and 4B show another tensile test
result on the high strength synthetic fiber rope included in the
hybrid rope according to the 15 first enbodi nent. Fig. 5is a
crosssectionai view of a hybrid rope according to a second

enbodi nment . Fig. 6 is a cross-sectional view of a hybrid rope
according to a third enbodinent. 20Fig. 7 is a crosssectionai view of
a W re ropke bawikgstacegihveid sieehlvist rapet afrthe Basd divboletefremdOdre yi ng
Qut the Invention Fig. 1 is a cross-sectional view of a

hybri d rogegaecsfrdbmghtion af {hd Bighesoditiesninthetig fib2rirepaipbanalicesy of
the hybrid rope shown in Fig. 1, with a fiber rope, a braided

sl eeve, amggleer @sinnilcddided of Blohga@iod dtththedcentadsof the hybrid
rope being partially exposed.. For the sake of illustrative

conveni ence, the scale ratio differs between Figs. 1. and 2.

The hybrid rope 1 includes a high strength synthetic fiber core 2.

cal | eds Supgt. fHdeL i iR Bl dLr referred to as SFC 2),

cont ai ni ng hrgh

Fig. 1 is a cross-sectional view of a hybrid rope according to a first
embodiment.

Fig. 2 is a front view of the hybrid rope according to the first
embodiment.

10 Figs. 3A and 3B show a tensile test result on a high strength
synthetic fiber rope included in the hybrid rope according to the first
embodiment.

Figs. 4A and 4B show another tensile test result on the high
strength synthetic fiber rope included in the hybrid rope according to the

15 first embodiment.

Fig. 5 is a cross-sectional view of a hybrid rope according to a
second embodiment.

Fig. 6 is a cross-sectional view of a hybrid rope according to a third
embodiment.

20 Fig. 7 is a cross-sectional view of a wire rope having a conventional

structure.

Best Mode for Carrying Out the Invention

Fig. 1 is a cross-sectional view of a hybrid rope according to a first

25 embodiment. Fig. 2 is a plan view of the hybrid rope shown in Fig. 1, with

10



strength synthetic aram d fibers and six steel side strands 6 forned
in a manner |laid around the SFC 2. The SFC 2 is arranged
cross-sectionally at the center of the hybrid rope 1. Both the hybrid
rope 1 and the SFC 2 have an approxi mately circul ar cross-sectional
shape. 10The Sit 2 includes a high strength synthetic fiber rope 3
arranged at the center thereof and surrounded by a brai ded sl eeve 4.
The outer periphery of the braided sleeve 4 is further covered with a
resi n | ayarfiter rope, a b¥fielelisidevet nangt ressy Mihetincludeddn « ope & il
formed by preparing nultiple sets of two bundles of nultiple high

strength as@efiod thé Bebrilifoped¥eng padtiallperposadl t orribbaiakedft o as
hi gh strength synthetic fiber bundles 30) and braiding the nmultiple

hi gh strengldirsdé BehTnibhReRhBURSIas tB0diffey BB A Fide 1pidLh. of
braid of the high strength synthetic fiber bundles 30 (length for one

w nding of the Praiedidihgh PLiangkN Bk Reldneh LORMAUNGhEsca): | S

represented by "L" I anmet er e high 20strength synthetic

fi ber ﬁops%ﬁ%a ?’??’82?35&2@3 @%réﬁiéfteﬁ»rl%e‘i%&'?%his@ﬁé2Y§’icfo§iti£ﬁéﬁﬁ'§hrié’ﬁ'ge

of 6.7s LI oWws a case where the val ue’Li _
P01 o1 L QAL SRR S LA Brtle b o
R R R R R It
:sl_thgelhy\t/)vir Ir gh(lg ggﬁtef%?rtﬁg hgr%m% roIID)I«\eI%(.:O ]ggt%ethlfei 1%7br7i21 rcc)){)e tlhaen(f &?Sg‘icaget er.
have an approximately circular cross-sectional shape.
10 The SFC 2 includes a high strength synthetic fiber rope 3 arranged
at the center thereof and surrounded by a braided sleeve 4. The outer
periphery of the braided sleeve 4 is further covered with a resin layer 5.
The high strength synthetic fiber rope 3 is formed by preparing
multiple sets of two buﬁdles of multiple high strength aramid fiber
15 filaments 31 (hereinafter referred to as high strength synthetic fiber
bundles 30) and braiding the multiple high strength synthetic fiber bundles
30. Given that the pitch of braid of the high strength synthetic fiber
bundles 30 (length for one winding of the braided high strength synthetic
fiber bundles 30) is represented by “L” and the diameter of the high
20  strength synthetic fiber rope 3 is represented by “d”, the value L/d is within
the range of 6.7 < L/d <13. Fig. 2 shows a case where the value L/d is
approximately 7.0. The technical meaning of limiting the value L/d within
the range will hereinafter be described in detail.
The high strength synthetic fiber rope 3 has a smaller weight and

25  elastic coefficient and therefore higher fatigue strength than steel wire rope

11



enpl oyi ng such a high strength synthetic fiber rope 3 is also |ight
and offers high flexibility and durability. Al so, the high. strength
synthetic fiber rope 3, which is fornmed by braiding multiple high
strength synthetic fiber bundles 30, structurally exhibits a

| ongi tudi nal el mgation and, when a tensile force is applied,
contracts (radially) inward with a uniformforce. Therefore, the
shape of the high strength synthetic fiber rope 3, that is, the

cr oss- sectomndklgy TBIRCY| @ece Fhapp dfshkiskeleydiaodier.nelhe aiyheid wpei hg
the use of the hybrid rope 1. The brai ded sleeve 4 is formed by
brai di ng eulglophg pehyekigr streheth Huntilees AR rabpasdistdieo Bgheand

peri phery of the high strength synthetic fiber rope 3. Each pol yester
fiber bundkerdBidisfiéabmed Hyd Buprdiilig Mlsbi fHEehR tesheh dhlidketic

filaments 41. The braided sleeve 4 is forned cross-sectionally in an

appr oxi mak@ky rephd le;v%ﬁcﬁf!,aﬂ%@m%tl%fd?&ix@ﬁl%tiﬁﬁrBi%'hede‘ex?éthl@ﬁt'h%ti*&i gh

strength synthetic fiber rope 3. "The braided sleeve can prevent the

or ' st ragy PR S AP B L SRR A A En ARTAOECh

t th i I: . j t br al

Strength SNBRRLSLLESboORSch UL OMIORG R DD Sl ol geve

fib b 0 t t dial [ wh t [ f.

(s appl | od ergtR BERRNE Eibe IRk B iha B iar et e highs W df g
thetic fib . 3wt i f. f . Theref t.h h f

Che hi gh STeSrmseHOBgHY muienlnk e 1 el o Beppareine bwringiche kel

I by th i ded. s] 4 duri th f the hybrid 25

I Chy s AR PBPEEPeThe hi gh strength synthetic fiber rope 3 from

being locally defornmed to be likely to fracture thereat. The
whol el engt h™ of Thrdraidesk slpevs Anefyrmegd bybraikng squiinde pelypster fiber
covered with a pol ypropylene resin |la.yer 5. The resin layer 5 is
pl astic sb@élew%ae@ﬂm{ thaeeutsirgterinheanpfithe ynghstrensth senthespefiber
from bei ng scratched and absorb or reduce inpact forces, if may be
appl i ed, toppBevdémchtivdydsteghiiber bngtle 49 i foetiec iy bendhogengltiplem
bei ng damaged, fractured, or defbrrmed. The resin layer 5 has a

t hi ckness polyeBtér fiberofilametsnbt. tThe hptideéd stheviengist foemederods-t he
hybrid rope 1. It wll be understood that the resin layer 5 is not

required tecth@valyin dnnepessiatiytelihtiekinksshand dltee chosataandriehaly of

area 10 thereof preferably accounts for |ess than 30% of the

crossisecthomath atiRagth sththe®idiBer rope 3. The braided sleeve 4 can prevent
the high strength synthetic fiber rope 3 from being scratched, damaged, or
fractured.

The whole length of the outer periphery of the high strength
synthetic fiber rope 3 is surrounded by the braided sleeve 4. The braided
20  sleeve 4, which is formed by braiding polyester fiber bundles 40, contracts

(radially) inward, when a tensile force is applied, to squeeze on the outer
periphery of the high strength synthetic fiber rope 3 with a uniform force.
Therefore, the shape of the high strength synthetic fiber rope 3 is likely to
be maintained also by the braided sleeve 4 during the use of the hybrid

25 rope 1. This can prevent the high strength synthetic fiber rope 3 from

12



Six side strands 6 are laid around the outer periphery of the SFC 2,
whi ch has a three-layer structure consisting of the high strength
synthetic fiber rope 3, braided sleeve 4, and resin layer 5. Each
side strand 6 is 15 farned by laying 41 steel wires in Warrington
form (6 x W5 (41)) Also, each. side strand 6 may be laid in an
ordinary lay or Lang's |ay. Fig. 3A shows a tensile test result
on the strength use efficiency (strength utilization rate) of the

hi gh st r ebginy lsyallydefoeniddogrbd HRely3to fragurdBhgreaphi cal |y shows the
tensile test result of Fig. 3A, where the vertical 20axis represents
the strength useheffidle eaesth(SOthetuter f)@ﬁph@fyi &0tHebhraadd & sle@pE @SRNt S
the value Dd. Fig, 3B shows nmultiple plots based on the tensile test

resul t of odijeded %tﬁ'&%&?gﬁ%’l&i‘é PR 163Ve obk@iresd 15%&% E@?Eﬁtﬂi s

in the tensile test, iple (nine in this exanple) high strength 25

Sg""tshe% ab itg’ﬁﬁ"%\fﬂ%e%i IserdH, P]‘}, aeh iy hBtg](C: ﬁoe;gé:’% ?lt(ﬁ'ﬂtb.eﬂ-ifgata%h&fi"

( . and their respective erent pi f braid "I'L" and
syt het i  PHEECHEEERRte iB1RH 108 i be 3RRNY, HlpRBRThY nigh
while the nd..t hereof wa lled.. The tensile_| N 1
er easea* SPABHAFTSCHE PR P Paut Prink b SRR dat OEh el IRBemed
strength nthetic fiher rope. 3 fractured. The recorded. fractur.e
Foai g mifi{egﬁaw vt %%%@Eﬁw_ﬁnaa?i@%}aphgr o tﬁ?&fﬁpéﬁrﬁeiwng
BRI TR S AT R
i engt h_ 2Ot SyHiFel fhaan WiemERY B AP EO0TaRFer G A
streng

t ensi !é@e sg};gﬁggtéh %f Zb%&gi d. Tt,ggfﬁt (lanSihlh; s?;(;ggn Eﬂﬂ (28 g/ d%' oflthe hfi gh
strength RePreefapEractopiseat LB gy I NG CHEG 99¢lipRal fEeEPl e
strength of each high strength synthetic fiber rope 3 obtained in the
tensile tébe SE€d2nultiplied by 1.00 to obtain a strength use
eyt ek S er s ca b scacshsol et s
strengt h synt hebixcs ran aBe tedraasan owtef peapbaty y

strength synthetic fiber rope 3 uses the tensile strength of the high

strengt h syhithékisa flireerlajél eraoturd tonsisting ofR&karighngrdrpthisyntBétic
the tensile strength of each high strength synthetic fiber rope 3 is

| ower thafibehReoheBsblAded Rt G2 WsHh 18fertthe Ba@hside sstdehgtis
synthetic fiber filament 31 included in the high strength synthetic
fiber 150p€3ned by laying 41 steel wires in Warrington form (6 x WS (41)).  Also,
each side strand 6 may be laid in an ordinary lay or Lang’s lay.
Fig. 3A shows a tensile test result on the strength use efficiency
(strength utilization rate) of the high strength synthetic fiber rope 3. Fig.
3B graphically shows the tensile test result of Fig. 3A, where the vertical
20  axis represents the strength use efficiency (%) while the horizontal axis
represents the value L/d. Fig. 3B shows multiple plots based on the
tensile test result of Fig. 3A and an approximate curve obtained from these
plots.

In the tensile test, multiple (nine in this example) high strength

25  synthetic fiber ropes 3 were prepared having a constant diameter “d” (9.8

13



Referring to Figs. 3A and 313, the higher the value Lid he relatively
hi gher the strength use efficiency is, while the |ower the value Lid,
the lower the strength use efficiency is. Conpared to high strength
25 synthetic fiber ropes $ with a high(i.e. with a longer pitch of
braid "L" at a constant dianmeter "d"), the high strength synthetic
fi ber bundles 30 included in high strength synthetic fiber ropes 3
wth a lower Lid wwth a shorter pitch of braid "I: at a constant

di anet er ‘'hah) ahdthen wspattéve difffrenopitchys ¢f hidid d4htybadwitthintespect to
the rope axis), which causes the high strength synthetic fiber

fil ament s pddddtoriaénaplehiged. WOl @il yf eachei@ighl pgidtbidiymdhefio fiberwhpa
pul l ed. For this reason, high strength synthetic fiber ropes 3 with a

| ower Lt d3ajie 1ﬁwﬁﬁieipfee1@téﬁnhweleﬁgtm%@ f1:00dS W1glesStHeaneh eadtkhereof
strength use efficiency. It is required to increase the value Lard to

obtain a Rjghulsdd eMidtshimenNshimd va@'inéx@R&@giM&dhlEz é@h&?@éorﬁi%ﬂf(hke
10 strength and strength use efficiency. was confirnmed

the tegsi kﬁc%@x%tloﬁﬁﬁ{g)%ﬁh %hé;ﬂlélrgtr\é H?s}ﬁ&e@ﬂ'ﬁm getgﬁ"agt IIBH to

be equal to or highe ere a tensile strength equ to or
?legger P}\Effgx&xgéﬁ? Segs;@ll&uﬁé l&ﬂghgﬁg&g é‘ﬁn@e(?bg)th?fdeﬁi&% ? gBQpeS
confirned st t hat h .strength synthe r
Fopes. 3 whigh Sfiepkdl %ﬁlltﬁleet%fftﬂ%erfos’ﬁ%?og%betﬁnﬁ i VB e (i
efficienc r n,50 The h strength
synt het i c%féibg{} ﬂsﬁééy%é}’r?&%ﬂ t}{%ertlf?é’esf@ge@fi sﬂ?ﬁ Pf alyen ﬁﬁbrret ers.
Fig. 4A sho her te e.test result on the d el on tlon
of “the hi GRACISEUERST Wﬁ?i@% T thertepgile F%ﬁ&éﬂ%s ppangred {iyipg glb%h 42 e%ﬁ
shows the te |Ie tes result of Fig where the vertlcal axi s
repr ed@nt §Y{1 1¥?ﬁn%ﬂlf§nﬂahiiﬁlﬁlg(b/%oqmmér £RE gbmsHemtegnghhy of 28
represents the vaI ue Ltd. FI&A‘ 4B shows nultiple plots based on the
tensile tB4 rBrytensife strgnethA28idhal disphigki staeretbusdhetic dihead from
these plots. Also in this tensile test on 25 the degree of
el ongat i ofilamgnt BpIveay fharedimded by thx demsidd streghths of eagt high strength
synthetic fiber rope 3 obtained in the tensile test and multiplied by 100 to
obtain a strength use efficiency (unit: %). The strength use efficiency of
15 each high strength synthetic fiber rope 3 represents how efficiently the
high strength synthetic fiber rope 3 uses the tensile strength of the high
strength synthetic fiber filament 31.
Referring to Fig. 3A, the tensile strength of each high strength
synthetic fiber rope 3 is lower than the tensile strength (28 g/d) of the high
20  strength synthetic fiber filament 31 included in the high strength synthetic
fiber rope 3.
Referring to Figs. 3A and 3B, the higher the value L/d, the
relatively higher the strength use efficiency is, while the lower the value

L/d, the lower the strength use efficiency is. Compared to high strength

25  synthetic fiber ropes 3 with a higher I./d (i.e. with a longer pitch of braid
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synthetic fiber ropes 3 were prepared having a constant dianeter "d"
@8 M) and their respective different pitches of braid "L" of the
hi gh strength synthetic fiber bundles 30. One end of each. high
strength synthetic fiber rope 3 cut into a predeterm ned | ength was
fixed, while the other end $ thereof was pulled. The tensile |oading
was i ncreased gradually and, when the high strength synthetic fiber
rope 3 fractured., the degree of elongation 040 was neasured with
respect t 6Lt heapoadetardinmeder &yt thebekhrerddphtsymshétéc fibst buAslles
nmenti oned above, the higher the value Lid., the higher the tensile 10

strengt h 80dnshudeddghthighetafidtbisgneyetdd fibberdiahs stitleadowes Yid Kies.i c
fiber rope 3 is. However, referring to Fig. 4B, the higher the val ue

Lid, the kayeh dhoetctqdt@eobraed oNYat addnetarithEiafiddbr Sd') @Rgeh greater
synthetic fiber rope 3 is. Thi.s is kr the reason that the high.

strength gyldistlag (tilPehgRUPThES Pt tBThEd8He bRidD! GRicH ¢A18ERhe high
synthetic fiber ropes 3 wwth a higher Lid have a 15 small er angl e of

| ay, result, 1 - i t he
dogr o of 2B B B Bl R i e B il 371

ybri 0 ob T IUP TRt aL? o e PR Bt dub Hieh SRFAR YR e e
Fiber  ropSoh 1e0FEASEG BhePE7hatE ShullEfe Ll ATPRES WL ©
The dogr 08" 8oLl GO TOIE B e DRIVt NeERULy i RAPTEoFT 5B YAlge 3
depecs e gFPLRS: K Shebaf M R AL AL LA Bl el
therefore adjusted sr such that_ the degree of elongation of the high

strend?h Shisngshjaadistgengthope efficiency.
It was confirmed by the tensile test that adjusting the value L/d

(pitch of braid “L”) to be equal to or higher than 6.7 offered a tensile
strength equal to or higher than the tensile strength (about 14.0 g/d) of
steel wire ropes (e.g. IWRCs) (see Fig. 7) of the same diameter. It was also
15 confirmed by the tensile test that high strength synthetic fiber ropes 3 with
an L/d value of 6.7 or higher have a strength use efficiency of higher than
50%. The same applies to high strength synthetic fiber ropes 3 having
their respective different diameters.
Fig. 4A shows another tensile test result on the degree of elongation
20  of the high strength synthetic fiber rope 3. Fig. 4B graphically shows the
tensile test result of Fig. 4A, where the vertical axis represents the degree
of elongation (%) while the horizontal axis represents the value L/d. Fig.
4B shows multiple plots based on the tensile test result of Fig. 4A and an
approximate curve obtained from these plots. Also in this tensile test on

25 the degree of elongation, multiple (five in this example) high strength
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$ is equal to or higher than the degree of el ongation of the side
strands 6 used in the hybrid rope 1. For exanple, if the degree of

el ongation of the side strands 6 used in the hybrid rope 1 is 3% the
value Lid of the high strength. synthetic fiber rope 3 is adjusted
such. that the degree of elongation thereof is 3% or higher, or
preferably and flexibly 4%or higher. it was confirned by the tensile
test that the degree of elongation of 4% or higher can be achieved

Wi th an Lieghtteticdilafr bBeo3 wemeprepfibed hadingh densthnt dimnetaviel” (818 ows
the high strength synthetic fiber rope 3 to have a degree of

el ongat i ommpual theirakespe@her diffeasnt pathes ot heid il of sig higdsstength ch
can 10 reduce the possibility that only the high strength synthetic

fiber ropgysthEa ikeaBuides 80 NDrchehdiseth hipd dtydidith @RBetic fiber
It will be understood that the value Lid may be even | ower (e.g.

limted tgyhes @ﬁ’e‘ﬁﬂtoteppﬁardét@ﬂﬁ{netdhl@ﬁﬁﬂlg)we{sqi)?éd, WhildendbahrddEngt h
synthetic fiber rope 3 to have a higher degree of elongation .
G engt h R T R D Bl e el oty Snds
6 Fia 5. ) . . . : .

R St G R S S R B T

second enbodi ment’. he se

embod mentlotiropRa Qete bt N bial RPed PO BH PiBetdntioR Toherh,. ™"

hybrid rope. 1A but al.so, _at the center of each of the six side strands
6a. Just Bf}f?ge%&%mf%@sng 2a provided at the center of each of the
Si X

As mentioned above, the higher the value L/d, the higher the tensile
10  strength and strength use efficiency of the high strength synthetic fiber
rope 3is. However, referring to Fig. 4B, the higher the value L/d, the
lower the degree of elongation of the high strength synthetic fiber rope 3 is.
This is for the reason that the high strength synthetic fiber bundles 30
included in high strength synthetic fiber ropes 3 with a higher L/d have a
15 smaller angle of lay, resulting in a structurally low degree of elongation. If
the degree of elongation of the high strength synthetic fiber rope 3 is low,
the high strength synthetic fiber rope 3 may fracture within the hybrid
rope 1 during the use of the hybrid rope 1 before the side strands 6. The
degree of elongation of the high strength synthetic fiber rope 3 is required
20 to be at least equal to the degree of elongation of the side strands 6 used in
the hybrid rope 1.
The degree of elongation of the high strength synthetic fiber rope 3
depends on the value L/d of the high strength synthetic fiber rope 3. The
value L/d of the high strength synthetic fiber rope 3 is therefore adjusted

25  such that the degree of elongation of the high strength synthetic fiber rope
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side strands 6a also has a three-layer structure consisting of a high
strength synthetic fiber rope 3a, a braided sleeve 4a, and a resin

| ayer fia. 25 Since the weight of the six side strands ea is reduced,
the weight of the entire hybrid rope 1A is further reduced. The
resin layer 5a is not required to have an unnecessary thickness and
the cross-sectional area thereof preferably accounts for |ess than
30% of the cross-sectional area of the SEC 2a. 5Fig. 6 is a

cross- secBijgRghaVicur Righdrhhanhi thedpeed Bf sloaehtlbABftRe dideNdtirEnds 6
enbodi nent, differing fromthe hybrid rope 1A (see Fig. 5) according

to the Seﬁe&ﬂi&m@ﬂggﬁaﬁrdp@ ﬁ.h@oﬂ&&ﬁ#ﬁ?iﬁql@ﬁ{%ﬁe@m alog oh PloREst thet
e

in Warrington form in Scale form 1n Seal orm the side strands

Cl) come kifOcondiagtuswiitii thbglgrﬁgfa fibe 1 1% 8%TRRE vERKNER @M kighf or m

manner 10 than In Warrington er eby ;he cross-sectional I'y
ol 2t ghang Rl PSP SIDIAELI, fLAShTBReRtS el
Hlrenalh LIS S SR WP B R IR e,
s SSRGS R TR T BRI e
high str e?l?é}?ers aqlt tr)]e? Eliclg.:ie];ie %&;itlrl %[x)leL avazilq(ej o% q% orrﬁg\i;vgr.l a,}(ﬁé L/d value of

13 or lower allows the high strength synthetic fiber rope 3 to have a degree

of elongation equal to or higher than that of the side strands 6, which can

10  reduce the possibility that only the high strength synthetic fiber rope 3

may fracture during the use of the hybrid rope 1.

It will be understood that the value L/d may be even lower (e.g.
limited to be equal to or lower than 10) to allow the high strength synthetic
fiber rope 3 to have a higher degree of elongation reliably. This can

15 further reduce the possibility that the high strength synthetic fiber rope 3
may fracture before the side strands 6.

Fig. 5 is a cross-sectional view of a hybrid rope according to a
second embodiment. The hybrid rope 1A according to the second
embodiment differs from the hybrid rope 1 according to the first

20 embodiment in that SFC 2a is formed not only at the center of the hybrid
rope 1A but also at the center of each of the six side strands 6a.

Just like SFC 2, the SFC 2a provided at the center of each of the six
side strands 6a also has a three-layer structure consisting of a high
strength synthetic fiber rope 3a, a braided sleeve 4a, and a resin layer 5a.

25  Since the weight of the six side strands 6a is reduced, the weight of the
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Al t hough the above-described hybrid ropes 1, 1A, 1B each include six
side strands 6, 6a, 6b, the nunmber of side strands is not limted to
six, 20 but may be seven to ten, for exanple. CLAIMS 1.A hybrid rope
(1, 1A, 1B) conprising a high strength synthetic fiber core (2) and
multiple side strands (6, 6a., 6b) each fornmed by laying multiple r
steel wires and laid on the outer periphery of the high strength
synthetic fiber core (2) wherein the high strength synthetic

fiber corenfizd h?BﬂBHbP@_&A@isHthher%ﬂﬁ@&l.h THOkbEhilayéi bets hope (3)
formed by braiding multiple high strength synthetic fiber bundles

(30) eachy&AIPABEShOe AHIUricBsdHrgRhelkRRBAISHBIRE8Ed-SedtidR@ area
LOilanments (31), and wherein given that the pitch of braid of

the high sldeBobikteri RebdunibibilosdURh &L BPInd SrokeREATAM PardioaNd
the dianeter of the high strength synthetic fiber rope (3) is

representgd, Byc'sly, the value Ltd is equal to or higher than 6.7. 15
2, The hybrid rope (1, 1.A 1B) according to claim1, wherein.

(e degrec of chanaalieol e LoD, S SN RIOAASHL L 0
strands ( ?hirg%mt?otgi)itnent, differing from the hybrid rope 1A (see Fig. 5) according
to the second embodiment in that the side strands 6b are formed not in
Warrington form but in Seale form. In Seale form, the side strands 6b
come into contact with the SFC 2a in a more rounded and uniform manner
10 than in Warrington form, whereby the cross-sectionally circular shape of
the high strength synthetic fiber rope 3 is likely to be maintained.

Since the circular shape of the high strength synthetic fiber rope 3
is likely to be maintained in Seale form, in the hybrid rope 1B according to
the third embodiment shown in Fig. 6, the SFC 2a within each side strand

15 6b may exclude the braided sleeve 4a to have a two-layer structure
consisting of the high strength synthetic fiber rope 3a and the resin layer
5a.

Although the above-described hybrid ropes 1, 1A, 1B each include

six side strands 6, 6a, 6b, the number of side strands is not limited to six,

20 but may be seven to ten, for example.
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20 3. The hybrid rope (1, 1A, 113) according to claim1l. or 2,
wherein the value Lid is equal to or lower than 13. 4. The hybrid
rope (1, 1.A 113) according to claim1, wherein 25the high strength
synthetic fiber core (2) further conprises a braided sleeve (4)
formed by braiding nultiple fiber bundles (40) each conposed of
multiple fiber filaments (41) and the outer periphery of the high
strength synthetic fiber rope (3) is covered wth the brai ded sl eeve
(4). 5. The hybrid rope (1., 1A 1181.A38f®rding to claim4, wherein
the high strength synthetic fiber core (2) further conprises a resin
| ayer (5) covering the braided sleeve (4). 6. The hybrid rope (1, IA
1B) according to claim5, wherein gi ven that the

cross-sectji onal A%ﬁﬁi&ioﬁéﬁg,r1@§,i1'B)lc%wri§iﬁ)gAﬁigheﬁwﬁ M §ch Bt filnd

the cross-sectiondl area of 'thé high strength. synthetic fiber core

(2) Ts reppasentad %@@e 416 sHalUe BL60%H) TalABFbARY Bythe Anfubie

hybrid rope ( ccording to ahy ains 1 to"6, wherel

hi oot eAin gy Aol Ebiofe IR Gl bRy T RN B th BpaO £

strength ?¥gtheti figgr.filanents is arranged at the center of each
of the nuftoPprerSside"SftdRds (6a, 6b),

the high strength synthetic fiber core (2) comprises a high strength
synthetic fiber rope (3) formed by braiding multiple high strength synthetic
fiber bundles (30) each composed of multiple high strength synthetic fiber
10 filaments (31), and wherein
given that the pitch of braid of the high strength synthetic fiber
bundles (30) is represented by “L” and the diameter of the high strength
synthetic fiber rope (3) is represented by “d”, the value L/d is equal to or

higher than 6.7.

15
2. The hybrid rope (1, 1A, 1B) according to claim 1, wherein
the degree of elongation of the high strength synthetic fiber rope (3)
is equal to or higher than the degree of elongation of the side strands (6, 6a,
6b).
20
3. The hybrid rope (1, 1A, 1B) according to claim 1 or 2, wherein
the value L/d is equal to or lower than 13.
4, The hybrid rope (1, 1A, 1B) according to claim 1, wherein
25 the high strength synthetic fiber core (2) further comprises a
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20 8. The hybrid rope (141B) according to claim7, wherein t he
hi gh strength synthetic fiber rope (3a) arranged at the center of
each of the side strands (6a, 6b) is covered with a resin |ayer (5a).
25 9, The hybrid rope (1A, 1B) according to claim8, wherein

a braided sleeve (4a) forned by braiding nultiple fiber bundles each
conposed of multiple fiber filanments is provided between the high
strength synthetic fiber rope (3a) and the resin layer (5a) in each

of the mubtijded s¥ée @) famsedby @Qaidiﬁ%)muliﬂ)le Tiver hydbdies @opeachA, 1B)
according to claim9, wherein given that the cross-sectional area of

the resinchaygted sedhdtipRPAiBSEAIAH P (UiBanlRhe titOSpeiifRéHPHAthAr €a
of the high strength synthetic fiber rope (3a) is represented by D4,

and the c 2 i : : ' f4abdiss )
r epr esent gg'ﬁgf/ﬁ%%ﬂ? Eﬂé%}%ﬁﬁﬁfgp‘{rh@%u(?&%{@eg% yg}??ﬁg sé‘l( 6a, %ebv)e, (4t) he

val ue 113/ (D3-i-D4-ED5) is |ower than O, 3.

5 b. The hybrid rope (1, 1A, 1B) according to claim 4, wherein
the high strength synthetic fiber core (2) further comprises a resin

layer (5) covering the braided sleeve (4).

6. The hybrid rope (1, 1A, 1B) according to claim 5, wherein
10 given that the cross-sectional area of the resin layer (5) is
represented by D1 and the cross-sectional area of the high strength

synthetic fiber core (2) is represented by D2, the value D1/D2 is lower than
03,

15 7. The hybrid rope (1A, 1B) according to any of claims 1 to 6, wherein
a high strength synthetic fiber rope (3a) formed by braiding
multiple high strength synthetic fiber bundles each composed of multiple
high strength synthetic fiber filaments is arranged at the center of each of

the multiple side strands (6a, 6b).

20
8. The hybrid rope (1A, 1B) according to claim 7, wherein
the high strength synthetic fiber rope (3a) arranged at the center of
each of the side strands (8a, 6b) is covered with a resin layer (5a).
25 9. The hybrid rope (1A, 1B) according to claim 8, wherein

20



11. A method for manufacturing a hybrid rope (1, 1A, 1B) in which
mul ti ple side strands (6, 6a, 6b) each forned by laying multiple
steel wires 15 are laid on the outer periphery of a high strength
synthetic fiber rope (3) formed by braiding nmultiple high strength
synthetic fiber bundles (30) each conposed of nultiple high strength
synthetic fiber filaments (31), wherein the pitch of braid "I
of the high strength synthetic fiber bundles ($0) is adjusted such

that the tensi l@b%élﬂ%a%qébx@f(4hhﬁ)rmghb§bmragﬁ@ nSylbiphe fiber bubeiles enth
(3) is equal to or higher than the tensile strength of a. steel wre

rope of t g § bbRBhOhidhetRingbh
strength g@ﬂ?ﬁ%ﬁ (?Ifﬁ:ﬁg%}?rer ope ( ﬁl@%&ﬁg ligag‘lﬁld?g%%?ﬁh?lgher tI%an t he

degree of ;elQneatiinn Rhei(59 éh&j%hé tEARdSyéB(598n eGdh bf the multiple side

strands (6a, 6b).

10. The hybrid rope (1A, 1B) according to claim 9, wherein
given that the cross-sectional area of the resin layer (5a) is
represented by D3, the cross-sectional area of the high strength synthetic
fiber rope (3a) is represented by D4, and the cross-sectional area of the
10 braided sleeve (4a) is represented by D5 in each of the multiple side

strands (6a, 6b), the value D3/(D3+D4+D5) is lower than 0.3.

11. A method for manufacturing a hybrid rope (1, 1A, 1B) in which
multiple side strands (6, 6a, 6b) each formed by laying multiple steel wires

15  are laid on the outer periphery of a high strength synthetic fiber rope (3)
formed by braiding multiple high strength synthetic fiber bundles (30) each
composed of multiple high strength synthetic fiber filaments (31), wherein

the pitch of braid “L” of the high strength synthetic fiber bundles

(30) is adjusted such that the tensile strength of the high strength

20 synthetic fiber rope (3) is equal to or higher than the tensile strength of a
steel wire rope of the same diameter and the degree of elongation of the
high strength synthetic fiber rope (3) is equal to or higher than the degree

of elongation of the side strands (6, 6a, 6b).
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