- 1 - TITLE OF THE | NVENTI ON ELEVATOR W RE ROPE TECHNI CAL FI ELD 5The
present invention relates to a wire rope that suspends an el evator
car of an elevator and, nore particularly, to an elevator wire rope
havi ng an outer circunference covered with a resin. 10BACKGROUND ART
An el evator car of an elevator is generally suspended by a wire rope.
The wire rope is wound on the driving sheave of a w ndi ng nmachi ne.
The elevator car is lifted and | owered by driving the w nding machi ne
and using friction 15betmeen t he rope groove on the sheave surface

and the wire ro or_a machi ne room | ess el evator, the
wi ndi ng ma&ﬁﬂé ol MECI‘FNVSEI\E%SEd in the hoistway, the conpactness
of the mﬁndEE%Fnachlne i s demanded to reduce 20t he cross secti onal

area of thé |@%>W.IP)§ Means for neeti ng this demand is to reduce
the dianeter of the driving sheave. Wen the dianeter of the driving
sheave is reduced, it becones possible to use a |lowtorque notor in

t he “ﬁndin%gﬁﬁﬁﬂkﬁﬁbéﬁﬁi'ft and | ower the elevator car, 25enabling
the notor t Accordlngly, a highly
5 The present invention relates to a wire rope that
suspends an elevator car of an elevator and, more
particularly, to an elevator wire rope having an outer

circumference covered with a resin.

10 BACKGROUND ART

An elevator car of an elevator is generally suspended
by a wire rope. The wire rope is wound on the driving
sheave of a winding machine. The elevator car is lifted and
lowered by driving the winding machine and using friction

15 between the rope groove on the sheave surface and the wire
rope.

As for a machine room less elevator, the winding
machine of which is disposed in the hoistway, the
compactness of the winding machine is demanded to reduce

20 the cross sectional area of the hoistway. A means for
meeting this demand is to reduce the diameter of the
driving sheave. When the diameter of the driving sheave is
reduced, it becomes possible to use a low-torque motor in
the winding machine to lift and lower the elevator car,

25 enabling the motor to be compact. Accordingly, a highly



- 2 - flexible wire rope that can be easily bent along a driving
sheave with a small dianmeter is demanded. As a structure that
increases the flexibility of a wire rope, a wire rope as di scl osed
in, for exanple, Patent 5Literature 1 is already proposed. That is,
the wire rope disclosed in Patent Literature 1 uses fine steel wres,
each of which is obtained by w redraw ng,an elenental wre of the
wre rope to make it fine, the fine stée? wi re having a breaking
force increased to 2600 MPa or nore (the 10breaking force of an

elemental wire aof. a nornal A-type el evator wire rope i s about 160Q

MPa) . 1f a KHSEPYE B AS TR Tiite CAnt HeaR AR adaNF Herti S ve AEaTaRd

it wound on a driving sheave with a smal|l gianeter S0 a contact
f}dr‘?d“ettr?et Wi

| ength bet iB&RThe™y & : _ ef‘l%’éie(gan be ensured.
Letowever Lhe glesl WG ARSI 10%, DS BRI | el o
reduction of the cross sectional .area of,the steel w.re. Accordingly,
the wire rOPPT StIDEE TP Pt 1918 drE T Had & cEare ™
whi ch t he 20ci rcunf erences of schenkels foymed from.fi steel wires
And ott ande ey B4 11l i F o TE0 TGP TE oAPPFo e r 61 Fope Pt DS
covered WLl & LS TR B3 1 CABIING, LoEL Jas ppaset Py L et
ggu?L af pfﬁieenagc% boe f W einch2 5it sh eobstcc‘ihiennekae lbs_y mi%ceecpra%}i%%g ah Cei lregn%rﬁrt%rle 05 &e
of the wire rope to make it fine, the fine steel wire
having a breaking force increased to 2600 MPa or more (the
10 breaking force of an elemental wire of a normal A-type
elevator wire rope 1s about 1600 MPa). If a steel wire is
made fine, it can be easily bent even when it wound on a
driving sheave with a small diameter, so a contact length
between the rope groove and the wire rope can be ensured.
15 However, the steel wire that is made fine in this way
is likely to cause a fatigue failure due to fretting wear
attributable to the reduction of the cross sectional area
of the steel wire. Accordingly, the wire rope disclosed in
Patent Literature 1 has a structure in which the
20 circumferences of schenkels formed from fine steel wires
and strands are filled with a resin and the entire wire
rope is covered with a resin. The resin covering layer has
spacer parts that prevent contacts between adjacent

schenkels and leaves substantially equal spacings between

25 the schenkels placed along a circumference so that the



- 3 - schenkels are not easily brought into nmetal contact with one
anot her. CITATION LI ST 5[ Patent Literature] [ Patent Literature
1] Japanese Patent Lai d-open No. 2006-9174 SUMVARY OF | NVENTI ON

10[ Techni cal Problem In general, a wire rope has a property
(rotating property) in which when a tensile force or bending force
is exerted thereon, the entire wire rope_,rotates around the central
axis of the wire rope. Wth an eIevatoF,3mﬁen the 15wire rope passes
over the rope groove in the driving sheave, the wire rope very

slightly slides on the rope groove due to the rotating property. By
contrast, wWEHRHRLHFE ride HhSechoIPUM Pardiit 1Sk éfoﬁ]rté“? X’llltrg

outer circunference of which is covered with a resin, since the
frictional ZBRo¥IFFGent between the rope groove and an outer |ayer
resin is high, the outer circunferential surface of the wire rope is
constrained within in the rope groove. Accordingly, torque generated
inthe wire r%ge acts as a force with which the covering resin is
twisted, sdt¥ATHN 25t%Te rope is used for a long period of tine, the

covering i
5 [Patent Literature]

[Patent Literature 1} Japanese Patent Laid-open No.

2006-9174

SUMMARY OF INVENTION
10 [Technical Problem]

In general, a wire rope has a property (rotating
property) in which when a tensile force or bending force is
exerted thereon, the entire wire rope rotates around the
central axis of the wire rope. With an elevator, when the

15 wire rope passes over the rope groove in the driving sheave,
the wire rope very slightly slides on the rope groove due
to the rotating property. By contrast, with the wire rope
disclosed in Patent Literature 1, the outer circumference
of which is covered with a resin, since the frictional

20 coefficient between the rope groove and an outer layer
resin is high, the outer circumferential surface of the
wire rope is constrained within in the rope groove.
Accordingly, torgue generated in the wire rope acts as a
force with which the covering resin is twisted, so if the

25 wire rope is used for a long period of time, the covering



- 4 - resin may be danaged and the wire rope nay be exposed, which
may |lower the friction force between the wire rope and the driving
sheave. To prevent this problem a wire rope having a surface
5covered with a resin is denanded to have a property in which even if
atensile force is applied, rotation is not easily caused. Wth the
wire rope disclosed in Patent Literature,1l, however, attention is
mainly paid to the inprovenent in resi Stance to bendi ng fatigue and
the 10rotational property is not considered at all. An obj ect of
the present invention is to provide an elevator wire rope that

reduces a t¥FStH APY R aRdieh 37 X6 t'8d orF P AR iy FEESFUue to
the rotation of the wire rope en the wire rope passes on .a driving
sheave. 15[%&ﬂ?ﬁiWﬁVt%PWﬁ?ﬁ#hﬁg¥%%F§&9ﬁ %h %ﬂﬁ%ﬁ?(ﬁ%%ﬂﬁ%r% f &7

el evator wre r@ge tructured by twisting a plurality of schenkels,

each schenkdtd peihd Fof s W sting a plurality of strands, each
strand being formed by twisting a urality, of fine 20steel_ wres,
the interior of ' HEERITRE r opbs DRTAGL T | id e FePT dE VR THe 2o
surface of the mﬂie rqge bei%ﬂ?cove ed w%%ﬁ a resin, in the present
i nventd on, THECTHT eEtHorf i T3 b (HEFIHRE 1213 PP SHRE e 10

strands ar ewl'gi\l\c":}?tee\gen{in{jf t;ar]etéjﬁél et IJ’:Oonréen ﬂAg]Ianr]pfihe%,scrho nakcellosn airse not

easily caused. With the wire rope disclosed in Patent

Literature 1, however, attention is mainly paild to the

improvement in resistance to bending fatigue and the
10 rotational property is not considered at all.

An object of the present invention is to provide an
elevator wire rope that reduces a twisting force, which is
exerted on a covering resin due to the rotation of the wire
rope when the wire rope passes on a driving sheave.

15 [Sclution to Problem]

To achieve the above object, in an elevator wire rope
structured by twisting a plurality of schenkels, each
schenkel being formed by twisting a plurality of strands,
each strand being formed by twisting a plurality of fine

20 steel wires, the interior of the wire rope being filled
with a resin, and the surface of the wire rope being
covered with a resin, in the present invention, the
direction in which the fine steel wires and the strands are
twisted and the direction in which the schenkels are

25 twisted are mutually opposite, and the diameter of the



25twi sted are nutually opposite, and the diameter of the - 5 -
inscribed circle of the plurality of tw sted schenkels is smaller
than the dianeter of the schenkel. That is, when the dianeter of
the inscribed circle of a plurality of twi sted schenkels is snaller
than the dianmeter 5of the schenkel, the schenkels can be brought
close to the center of the wire rope; as_a result, torque represented
by the product of a force with which each Schenkel serves in the
circunferential direction when a tensile force is exerted on the wire
rope and the distance fromthe center 10 of the wire rope to the

center of tHSGtHAkeH % fe dlorfdife RAiYT2 HEY &letmdd s SSheR&edst itte
rope torque below) can be reduced. If the lay direction of the
schenkel s i¥a34hpit ¥32n ihg ih@metsr dxdhs SChae®lt-ne | ay direction
of the fine steel wires and the strands is |eft (S twi sting), the

15t or que gener at 83t i 15t HEN§H NSt %ot}i%e”b?‘%]ﬁi?fdarféli% of a
torque generated i n the schenkel are nerated i.n directions in which
t hese torq&%?%éiﬁm%ﬁﬁgq%}%%ﬁ%ééhﬁﬂg ihce, E¢ crb Ao Pe aMEfhE T
entire rope torque is reduced and the lay directions are set t

di rectd ons h 0 sHieH e ?q“tﬁ cﬁiﬂ‘%@?‘?&%t?ﬂl ﬁW’ HE V& eﬁaéﬂsf i%g the
reduced, the torque nerated in the wire rqﬁr can be reduced,

Wit ot he. AT braBor Ty a A P o R e Fop S ataraed by
W th whi oh 1 RS T 61 A (0t A (ST Ly S8 S GEd de 8
result, dangge of the.covering f&sl s WGy -2 Sensile force is
exerted on the wire rope and the distance from the center
10 of the wire rope to the center of the schenkel (the torque
will be referred to as the entire rope torque below) can be
reduced. If the lay direction of the schenkels is right (Z
twisting), for example, when the lay direction of the fine
steel wires and the strands is left (S twisting), the
15 torgue generated in the fine steel wire and the strand and
the torgque generated in the schenkel are generated in
directions in which these torques are mutually cancelled.
Since, as described above, the entire rope torqgue is
reduced and the lay directions are set to directions in
20 which the torque generated in the schenkels is reduced, the
torque generated in the wire rope can be reduced, by which
the rotating property in which the entire wire rope rotates
around the central axis of the wire rope is reduced and the
force with which the covering resin is twisted is thereby

25 reduced; as a result, damage of the covering resin, which



woul d be ot herw se caused by the rotating property, can be
suppressed. [Advantageous Effects of Invention] As described above,
according to the present invention, 5 an elevator wire rope can be
obtained that reduces a twisting force exerted on a covering resin
due to the rotating property of the wire rope when the wire rope

passes on a driving sheave. 10BRI EF DESCRI PTI ON OF DRAW NGS FI G
1 is a cross sectional view of a first enbodi nent of an el evator wre
rope according to the present invention. FIG 2 illustrates a

direction in which the elevator wire ro shown iin FIG 1 is tw sted.
I5FI G 3A MOMSt Pt @ e 181 SAGRS. Bt wben TORE 0B B~ E¥ne fRBI B°

in the elevator wire rope shown in FIG 1 and the cross sectional

ar ea. suppPrESEeBB i | lustrates the rel ations between the nunber
of schenkels in the elevator wire rope ovvnti.n ﬁl G 1 and the

20l ayer core di iftaitageous gidecds (95 e he rel ati ons bet ween
t he nunber of schenkels in the elevator wre ro shown in El .and
the torque coef4d GHIIRGE 2PRTT @fﬁgﬁ&g ttl?e%eq gﬁegﬁn%etlwggﬁljttlﬁg’
outer 25dianmeter dl of the steel wr art of the wre_r and the

- 7 - scheelelGv@t&te dE 14t C?é’t:% ioé’écatlﬁlgdaﬁlhg\}/aﬁleg%{%g ugs

obt ai ned f%%?gﬂf%g:¥%rce exerted on a covering resin due to the

rotating property of the wire rope when the wire rope

passes on a driving sheave.

10 BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross sectional view of a first embodiment
of an elevator wire rope according to the present invention.

FIG. 2 illustrates a direction in which the elevator
wire rope shown in FIG. 1 is twisted.

15 FIG. 3A illustrates the relations between the number of
schenkels in the elevator wire rope shown in FIG. 1 and the
cross sectional area.

FIG. 3B illustrates the relations between the number of
schenkels in the elevator wire rope shown in FIG. 1 and the

20 layer core diameter.

FIG. 3C illustrates the relations between the number of
schenkels in the elevator wire rope shown in FIG. 1 and the
torque coefficient.

FIG. 3D illustrates the relation between the outer

25 diameter d; of the steel wire part of the wire rope and the



FIG 4 illustrates the relation between the cross sectional area of
the elevator wire rope shown in FIG 1 5and the bending stress of the
el ementary wre. FIG 5 is an enlarged cross sectional view
showing the vicinity of the center of the elevator wire rope in FIG
1. DESCRI PTI ON OF EMBODI MENTS 10An enbodi nent of an el evator wire
rope according to the present invention will be described with
reference to FIG 1. The el evator-wire rope 1 is formed by
twisting a plurality of schenkels 3, each of which is formed by
15twisting a plurality of strands 2, and each of which is fornmed by
twi sting a gthanist yioimgtiae byeshali resizgies 2je Ahlbriakte| vgénes
resin 4 is provided at the center of the elevator wire rope 1, the
schenkel s W rpd wsted Bn tHe inner layer resin 4. The plurality
of schenkels 3 are 20di sposed around a circunference wi th al nost

equal spaci ngs BIChef nfl leFtratondherflanen Retwifer 18/ &ra%sin 4
has projections 4P to ensure the spacings S so that adjacent

schenkel s Fere ol FRPYMT it digvedto e shtEc CWS Fheaeh 16t AdF- 25An

outer layer resin 5 covers the entire outer - 8 - i
5 and the bending stress of the elementary wire.

FIG. 5 is an enlarged cross sectional view showing the

vicinity of the center of the elevator wire rope in FIG. 1.

DESCRIPTION OF EMBODIMENTS

10 An embodiment of an elevator wire rope according to the
present inventicn will be described with reference to FIG.
1.

The elevator wire rope 1 is formed by twisting a

plurality of schenkels 3, each of which is formed by

15 twisting a plurality of strands 2, and each of which is
formed by twisting a plurality of fine steel wires 2a to 2g.
An inner layer resin 4 is provided at the center of the
elevator wire rope 1, the schenkels 3 being twisted on the
inner layer resin 4. The plurality of schenkels 3 are

20 disposed around a circumference with almost equal spacings o
being left among them, and the inner layer resin 4 has
projections 4P to ensure the spacings 6 so that adjacent
schenkels 3 are not brought into direct contact with each
other.

25 An outer layer resin 5 covers the entire outer



circunferences of a plurality of schenkels 3 to prevent a netal
contact with a driving sheave. For the inner layer resin 4 and outer

| ayer resin 5, a material superior in abrasion resistance and oil

resi stance, such as, for 5exanple, urethane resin is preferably used.
If these layers are formed with the sane material, the adhesiveness
between the resin of the internal layer and the resin of the outer

| ayer can be increased. The inner |ayer fesin 4 may be fornmed with a
resin material superior in abrasion 10resistance and ease of sliding,
and the outer layer resin 5 may be formed with a resin material in
whi ch an additdweferanteasot farrlamiplty, off gahfhedswdeto SIRVEEE fo
ensure traction with the sheave. The schenkels 3, the strands 2, and
the fine stealialBwiHteaCDa I &y ey 1Y SRGRYS-ack8Ti ADG SPRGFelruGES
in radial directions around a circunference; besides this placenent,
they may beegtidtel and (M-SRl Eer MRt chek 813 S ata Ry PSEEEFdL T2,
and many fine steel wires 2a to 2g may be each bound w t hout_ f orm ng
a | ayer, a@%ﬁ@%t%lWQ%&ﬁé&lW%‘ét@d}%&ifd 35y RS
enbodi nrent, to reduce the nunber_of,manufacturinq1 er son_hours and
the frd ot | HEATEGR 1158 RNRIRE T st i ot 29 sehenRErg savers
the strands 2, and the fine steel wres 2a to %g are each placed,in a
singl e | ayers ntPEREAI ViR 1S G mhRF 2 s difte & ESR %gg'wr‘?en

I
core 6 is placed inside each ,
lJthe resin of the internal layer and the resin of the outer

layer can be increased. The inner layer resin 4 may be
formed with a resin material superior in abrasion

10 resistance and ease of sliding, and the outer layer resin 5
may be formed with a resin material in which an additive,
such as, for example, aluminum powder is mixed to ensure
traction with the sheave.

The schenkels 3, the strands 2, and the fine steel

15 wires 2a to 2g may be each placed in a single layer in
radial directions around a circumference; besides this
placement, they may be placed as two layers, many schenkels
3, many strands 2, and many fine steel wires 2Za to 2g may
be each bound without forming a& layer, and some other

20 structures may be considered. In this embodiment, to reduce
the number of manufacturing person hours and the frictional
coefficient due to strand contact, the schenkels 3, the
strands 2, and the fine steel wires 2a to 2g are each
placed in a single layer in radial directions around a

25 circumference. A resin core © is placed inside each



- 9 - schenkel 3 forned by twisting the plurality of strands 2. In
this enbodi nent, no schenkel is placed at the center at which the
inner layer resin 4 is |located, but five schenkels 3 are pl aced
around the outer circunference of 5the inner |ayer resin 4. Al though
t he nunber of schenkels 3 is five in FIG 1, the nunber is not

limted to five if a relational expression described |ater is
satisfied and a result of calculation explained later is wthin an
area in alimt diagramdefined by the stress and cross sectional 10
area. The dianeter d4 of the inscribed circle of the inner |ayer
resin 4, widtenssl the Prigedy onst SR e 15 Wrodmty sttastdrase, 2-s
smal l er than the dianeter d2 of the schenkel 3. Next, the nethod of
reduci ng torquel®oefis cerpedikrenEnmie hs¢ienied nidexp sicathety dtha igrgter
property of the wire rope will_ be described belowin detail. . The
el evat or widle wioldh ILhasiings oprey 199tatd dF prasierady) But MHivéh when
a tensile force or. bending force is exerted thereon, the entire rope
rotates ar o¥ffeERkelcehtadid 26T PIouk Hepeutws Fidgruaiterarse oin
case of a normal] wire rope, when the wire rope passes on the driving
sheave thethf ridiipel asy 235ghtdy SHitHeyIBn thRePBBEY gPEoVERFR¥EHE
driving sheave due to the rotating property. In_a case of a wre rope
covered wi ths E ¥ Iidwevlr  the ME%Rste B5MqctidNde % & fildisert 2

bet ween the outer |ayer resin and . . L
relational expression described later is satisfied and a

w

result of calculation explained later is within an area in
a limit diagram defined by the stress and cross sectional

10 " area. The diameter dy of the inscribed circle of the inner
layer resin 4, which has the projections 4P so as to form a
star shape, i1s smaller than the diameter d; of the schenkel
3.

Next, the method of reducing torque coefficient K,

15 which i1s an index of the rotating property of the wire rope
will be described below in detail.

The elevator wire rope 1 has a property (rotating
property) in which when a tensile force or bending force is
exerted thereon, the entire rope rotates around the central

20 axis of the rope. With an elevatoxr, in case of a normal
wire rope, when the wire rope passes on the driving sheave,
the wire rope very slightly slides on the rope groove in
the driving sheave due to the rotating property. In a case
of a wire rope covered with a resin, however, since the

25 frictional coefficient between the outer layer resin and



- 10 - the driving sheave is higher than the frictional coefficient
between wires, the outer layer resin is constrained in the rope
groove. Accordingly, the outer layer resin receives a force in a | ay
direction, so the 5resin nay be danaged during a | ong period of
usage. In this enbodi nent, in case of a so-called secondary
twisted wire, which is forned by tmﬁstin% the fine steel wires 2a to
2g and strands 2, the torque coefficient9~is given by a

di mensionl ess quantity K= T/(Wx D) x 10where Wis a tensile force
(N, Tis torque (Nm due to the tensile force W and D is the rope
di anet er (robe dRHatings shereeclics d.ahero thpe ithgef st iPRé1lsnal ler the
rotating property is. Furthernore, if the dianmeters of the schenkels
and st randsasdifstditanti mg aveenwivie gsopdhet Raitiedy da Yedr &858 afet er
and ot her variables are used for the torque, the torque coefficient
in the secomd@traiviast iy enfigher SO cantBe0EdpRBL edtif outer
expression (1). If this expression is applied to g so-called

t hr ee- | ayerlapigte Hopd SARTVES F GRS By Bwilst A4 TERE 1P me S8t &EBF
wres 2a to 2g, strands 2, 20and schenkels 3 to formthe wire rope
shown 5i n FIIGS1n Wi bR ABIRassiBr i) & 4986t aStdgd of usage.

In this embodiment, in case of a so-called secondary
twisted wire, which is formed by twisting the £fine steel
wires 2a to 2g and strands 2, the torque coefficient K is
given by a dimensionless quantity K = T/(W x D) x 1073,

10 where W is a tensile force (N), T is torque (N-m) due to the
tensile force W, and D is the rope diameter (mm). That is,
the closer to 0 the index is, the smaller the rotating
property is. Furthermore, if the diameters of the schenkels
and strands constituting the wire rope, the layer core

15 diameter, and other wvariables are usedAfor the torque, the
torque coefficient in the secondary twisting configuration
can be expressed in expression (1). If this expression is
applied to a so-called three-layer wire rope, which is
formed by twisting the fine steel wires 2a to 2g, strands 2,

20 and schenkels 3 to form the wire rope shown in FIGs. 1 and
2, expression (2) is obtained.

K = T/(W x D) x 107 = (NI-Fl-Rsina + N2:F2-r-sinff) /(W x D)
x 1073 expression (1)

where N1 is the number of strands within the cross

25 section of the rope, Fl is a tensile force (N) exerted on



K=T (Wx D) x 10-3 = (NIFIR-sina + N2.F2.r-sin,6)/(Wx D) x
i 0-3expression (1) where N1 is the nunber of strands within the cross
25section of the rope, FI is a tensile force (N) exerted on one
strand, Ris a rope layer core radius (m, ais the strand tw sting
angle (), N2 is the nunber of fine steel wires within the cross
section of the rope, F2 is a tensile force (N) exerted on one fine
steel wire, r is a strand 5layer coreTadius (), and ,8 is a fine
steel wire twisting angle (). K=T (Wx D x 10-3 =
(NFF112sina + N2.F2.r.sin/3 + N3.F3.r0.siny)/(Wx D) x 10-3expression
(2) where NiIng sstimndurfbers of wmudrenkefesr it rachaiscriods Xosiecttiben of
the rope, Fl is a tensile force (N) exerted on one schenkel, Ris a
schenkel | aferandrievyding gngle alls d2sékenikel nuwbsri a§ angeested]
N2 is the nunber of strands within the cross section of the rope, F2
is a tensilwliey celND She t@boh et afd, the itooe stfilad@ lcayensile
core radius 15(m), # is the strand twisting angle (*), N3 is the
nunber of fiorcst @bl SHeEEdiahiNg Helig ciesledtitgn ¢f ithe rdF@ndr3
is atensile force (N) exerted on one fine steel wire, rO is a fine
steel Wire 1yt CUre Fadiugs (W), amd A s a Hde fdestlesling teisting
tw sting angle (). 20For the enbodi nent of the present invention, the
| ay angle (°).
K ="T/(W x D) x 1073 = (N1.-F1-R-sina + N2:F2:r-sinff +
N3-F3-r0-siny) /(W x D) x 1073 expression (2)
where N1 is the number of schenkels within the cross
10 section of the rope, Fl is a tensile force (N) exerted on
one schenkel, R is a schenkel layer core radius (m}), « is a
schenkel twisting angle (°), N2 is the number of strands
within the cross section of the rcope, F2 is a tensile force
(N} exerted on one strand, r is a strand layer core radius
15 (m), £ is the strand twisting angle (°), N3 is the number of
fine steel wires within the cross section of the rope, F3
is a tensile force (N) exerted on one fine steel wire, r0
is a fine steel wire layer core radius (m), and y is the
fine steel wire twisting angle (°).
20 For the embodiment of the present invention, the lay
direction of the wire rope will be described next with
reference to FIG. 2.
In this embodiment, the lay direction of the schenkel 3

is right(z twisting), the lay direction of the strand 2 is

25 left (s twisting), and the lay direction of the fine steel



direction of the wire rope will be described next with reference to
FIG 2. In this enbodiment, the lay direction of the schenkel
3isright(z twisting), the lay direction of the strand 2 is 25l eft
(s twisting), and the lay direction of the fine steel - 12 - wire is
left (s twisting). Even when a schenkel |ayer core dianeter d3 is
smal |, the torque generated by the enti rope is not reduced to O,
so the lay direction of the schenkel 3 Lﬁd“the | ay directions of the
stLand 2 aﬂd fiﬂe bsteel wires 2a to 2g are made opposite to each
other so that the torque represented by the first term. uat i on
(2) (the toigeeiwi LeThe (FetEiPEdNgd - asTHR Wit re Ef%beéﬂf%]qﬁ%%eeﬁ o€
is cancel ed by the torques generated by the strand and .fine steel
wire, whicHiapetegplestht &by tHee 18R %%%dg?ré‘??ﬁ%ﬁfg 1?%?1?153 B

equation (2). The second t [ ti il be,ref

th? schgnképpﬁoﬁﬁugoﬁegﬁﬂﬁgégh%ghggggP:ggFéiﬁyrhlﬁaﬁgfégng%;ggﬁ;FIaze
referred to as the strand tor bel ow, . Th d J | y.10%

?r |eSf orspﬁénéf@iﬁeanrGBg §§§q93r§£%l?@%e%%égg?o%ﬁgggge%Zﬁgg ¥hég/
ine steel wire |ayer cor i 0 i ffici I

strand Iayéﬁe@&rgl%§§i3§ Epr gggig{ﬁﬁb%,%gpokﬁéggﬁ?y?éggl%g%?%?ggighe
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toque below) is canceled by the torques generated by the

, the | . .
orgqué will be referred to as the entire rope

strand 2 and fine steel wire, which are represented by the
10 second term and third term in equation (2). The second term
in equation (2) will be referred to as the schenkel torgue
below, and the third term in equation (2) will be referred
to as the strand torgue below.
The strand torque is only 10% or less of the entire
15 rope torgue and schenkel torque because the fine steel wire
layer core radius r0 is sufficiently smaller than the
strand layer core radius r. Accordingly, if the entire
structure is determined by mainly considering the entire
rope torque and schenkel torque and fine adjustment of the
20 entire twisting pitch of the rope is finally performed, the
torque coefficient can be completely reduced to 0 with ease.
The relation between the twisting angle and the torque
coefficient will be described. Since the total tensile
force exerted on the rope is substantially equal to the

25 total tensile force exerted on the schenkel, N1-F1 = N2-F2



torque coefficient can be conpletely reduced to O with ease. The

rel ati on between the twi sting angle and the torque coefficient wll
be described. Since the total tensile force exerted on the rope is
substantially equal to the 25total tensile force exerted on the
schenkel, N1.F1 = N2.F2 - 13 - holds in equations (1) and (2). In
the geonetrical relation of the rope, since the schenkel |ayer core
radius Ris greater than the strand | ayéd core radius r, if the rope
twisting angle a in the first termis reduced (the twisting 5pitch L1
is prolonged), and the strand twisting angle fl in the second termjs
i ncreased (tdHels virstavg tgioneh (12 ie@dsH@Yt-endd) the hgeemegikcal relation
coefficient can be adjusted to reduce its value. To inprove the ease
of bendi ng ®hdheesiofitancdncs thise sdheg kedt ilgye st sPrehé2diEvatort Swire
rope 1 while the design guideline described above is followed, a
necessary ruEHKian fharcdhmstisadadayiesd Corife T6GELEE dr afdt EPCof OPRe
el evator wire rope 1 nust be reduced, and the dianmeter of the fine,
steel wire Tisttifw re@iced® ithahs £insd toidell st FESERY i(F8Sr SésSting
torque with the schenkel torque, it is desirable that the schfnk |
torqué i s imididndedivi PKOASNERE) I anfopBedPhraRer tuEShbRE BRI e W
this, the nunber of schenkels 3 nust be increased,. the,sth?%d | ayer

core radi ushe mfgonse Wit dged PGeas6tth (st tye s&arsi 8dteht D= s

shortened), the torgue coefficient can be adjusted to
reduce its wvalue.
To improve the ease of bending and resistance to

10 bending fatigue for the elevator wire rope 1 while the
design guideline described above is followed, a necessary
breaking force must be assured, the outer diameter of the
elevator wire rope 1 must be reduced, and the diametex of
the fine steel wire must be reduced. That is, to cancel the

i5 entire rope torgue with the schenkel torque, it is
desirable that the schenkel torque is increased with as
small a rope diameter as possible. To do this, the number
of schenkels 3 must be increased, the strand layer core
radius r must be enlarged, or both must be carried out.

20 However, these countermeasures increase the diameter of the
elevator wire rope 1, so the schenkel layer core radius R
of the elevator wire rope 1 is increased accordingly. That
is, if the number of schenkels 3 is set as described above
and the inner layer resin 4 is structured as described

25 above, the placement cof the schenkels 3 in radial



20However, these countermeasures increase the dianeter of the

el evator wire rope 1, so the schenkel |ayer core radius R of the

el evator wire rope 1 is increased accordingly. That is, if the nunber
of schenkels 3 is set as descri bed above and the inner |ayer resin 4
is structured as described 25above, the placenent of the schenkels 3
inradial - 14 - directions and the nupher of schenkels can be
optimally set with ease, and a rope wi't héa “superior torque bal ance
can be structured while resistance to bending fatigue and other
properties are satisfied. 5Next, ranges in which the val ues,of &he
desi gn var idilesd jomse qugt it @?Wb@énogengﬁé%e%PIFaBebaeQEFFB@é Ynset
detail with reference to FIG. 3A to 3D and 4. In addit e
torque coefitdl @RS t e re ey idhcd éH@eﬁéﬁ5|ﬁﬁrﬂBglbﬁiﬁggelFFE be
are ot her performance i ndexes needed for 10 the gﬁgvator wi.re Boge

1. FIGS. 3&G3Ebusitsviie & Geqde teoses ito BrPERg brEaRPfgaPor 8EDS

FIG 4 shows bending stress durlgghbendlng In FIGS. 3A to 3D
the nunber RIFCRSHEMEIN S St the horizontal axis. FIG 3A

shows the rel ations between 15t u r of. sche l.s d.the cross
secti &nal area NaHD) . rai'-‘?‘i?%%%t’(ﬂ%scq’t [ﬁlei’ éTaaaﬂeosnso ectk\ﬁe SCHE nunber

of schenkel s and the schenkel, | ayer core d| ) .. FILLG 3C

the rel ati o Bethenn F?éq%& @f é:@ﬁ]er??el ELIE@ Pordescrl 48"¢n

que

Coot 1] e S, SEIST el & i zasaa%eza 3R G 26800
Nt act ur i e & as%f%eﬁ%“c&%n&??t@%i” SEEG B BeRRE, PER 4R
(he 20, acenl_schenke) s 5 ) ng hendon LA, aenercloc s Lis it o
10 the elevator wire rope 1. FIGS. 3A to3D show the torque
coefficient and breaking force, and FIG. 4 shows bending
stress during bending.
In FIGS. 3A to 3D, the number of schenkels is shown on
the horizontal axis. FIG. 3A shows the relations between
15 the number of schenkels and the cross sectional area (mm?) .
FIG 3B shows the relations between the number of schenkels
and the schenkel layer core diameter (ds;). FIG 3C shows the
relations between the number of schenkels and the torque
coefficient. The schenkels 3 were placed along a
20 circumference in a single layer in radial directions with
the schenkel layer core diameter being ds, as a structure
that can reduce the number of manufacturing person hours
and a loss due to friction generated among the adjacent

schenkels 3 during bending. In general, as the number of

25 elevator ropes is smaller, the driving sheave can be made



- 15 - thinner and the w nding machi ne can be thereby nmade thinner.
In addition, if the nunber of ropes is small, work involved in the
tensile force adjustnent for the rope and its replacenent can al so be
reduced. 5For the nunber of wire ropes 1, FIG 3A shows the | ower
limt of the breaking force that satisfies a rope safety ratio of 10
stipulated in the Building Standard Law i n Japan and achi eves the
nunber of wire ropes equal to or smaller than the nunber of steel
wires with a dianmeter of 1010 mm In El @5 3A, each circle (D)

i ndi cates a cal cul ati on exanpl e taken when the outer dianmeter dl of
the steel wire part of the wire rope 1 is 9 mm and each triangle (A
i ndi cat es a igalgarakihan cexamphei hgkencwhen ddre mutiafe idmalaele khifndr.
mnm As is clear fromthis drawi ng, as the 15nunber of schenkels 3 is
i ncreased, tmhe aaiedioh,the tiwearuniayenfr espasdiat shakl centrk linyolved
enl arged and the dianeter of the schenkel 3 is reduced. Accordingly,
t he cross sedet ithrakeastde ofotde stjestmsnte fpar theenope tand ddisce as
the value on the horizontal axis is increased. Wen the nunber of
20schenkel s rdeplsicemontnoae, alde rogsarcedn ratio of the steel wires
is lowered and the occupation ratio of the reins |layer is increased.
In thi $ case, tHeon ébennyaberiaf widf cPdes for E1ExpdhsPR HEIF tivwer
steel material, must be rnuch used, and the nmanufacturing cost of the

wire rope 1ligizspikehe PBedretedrcertdatt ALY FEWpDi AT BI® tRESEVoss

ratio of 10 stipulated in the Building Standard Law in
Japan and achieves the number of wire ropes equal to or
smaller than the number of steel wires with a diameter of

10 10 mm. In FIG. 3A, each circle (O) indicates a calculation
example taken when the outer diameter d; of the steel wire
part of the wire rope 1 is 9 mm, and each triangle (A)
indicates a calculation example taken when the outer
diameter is 8.3 mm. As is clear from this drawing, as the

15 number of schenkels 3 is increased, the area of the inner
layer resin 4 at the center is enlarged and the diameter of
the schenkel 3 is reduced. Accordingly, the cross sectional
area of the steel wire part tends to reduce as the value on
the horizontal axis is increased. When the number of

20 schenkels is six or more, the occupation ratio of the steel
wires is lowered and the occupation ratio of the reins
layer is increased. In this case, the resin material, which
is more expensive than the steel material, must be much
used, and the manufacturing cost of the wire rope 1 is

25 likely to increase. From the viewpoint of the cross



- 16 - sectional area, therefore, it is found that the outer dianeter
of the wire rope should be small and the nunber of schenkels shoul d
be small. The drawi ng al so shows that when the strength of the 5fine
steel wire is 3600 MPa and the outer dianeter di of the steel wire
part of the wire rope 1 is 9 nm the nunber of schenkels can be
ranged fromthree to eight. Wen the outer dianeter di of the steel
wre part of the wire rope 1 is reduced to 8. 3 mm however, the range
of the nunmber of 10schenkels is three-taés+x, |owering the design
freedom In the case of a fine steel wire strength of 2600 MPa, when
the outer dianmeter di of the steel wre part of the wire rope 1 is
8.3 mMm thekeaciksongl appti cathersirenkel; ivhéouthdetloat erhedicarmetrer di
of the steel wire part of the wire rope 1 15is 9 nm the range of the
nunber of schenkeks bf tihe eeireo fdpee shvhéd bheshahk addheninuabgar oL
of the wire rope 1 is structured with the outer dianeter di being set
to, for examphenk8l8 snvwbd Hee dmedA -reducing to 8.3 nm the distance
bet ween the schenkels 3 (Sin FIG 1) is elongated, 20so there are
nerits in that The Hrkelntoalss othavse thaitcwpeh bRet her¢idHdr A%

resin 4 and that manufacturing variations can be all evi at ed.ffs
descri Bed aféne, sthel oviEes %ﬁ%ﬁﬁoelMPéi agf the Qrkef daetif droff e
wire rope 1 and_the nunber of schenkels can_be determ.ned in

consi der at i 652250l TFRePRTT gt o 1TRe TPPRielstBel T & 10 BEPFEe§ and

the schenkels can be ranged from three to eight. When the outer

diameter d; of the steel wire part of the wire rope 1 is
reduced to 8.3 mm, however, the range of the number of

10 schenkels is three to six, lowering the design freedom. In
the case of a fine steel wire strength of 2600 MPa, when
the outer diameter di of the steel wire part of the wire
rope 1 is 8.3 mm, there is no applicable schenkel; when the
outer diameter di: of the steel wire part of the wire rope 1

15 is 9 mm, the range of the number of schenkels is three to
five. When the fine steel wire part of the wire rope 1 is
structured with the.outer diameter d; being set to, for
example, 8.8 mm rather than reducing to 8.3 mm, the
distance between the schenkels 3 (J§ in FIG. 1) is elongated,

20 so there are merits in that the likelihood for the friction
of the inner layer resin 4 and that manufacturing
variations can be alleviated. As described above, the outer
diameter d; of the steel wire part of the wire rope 1 and
the number of schenkels can be determined in consideration

25 of the strength of the fine steel wire to be used and the



- 17 - anmount of usage of the resin. Under the condition that
the outer dianmeter dl of the steel wre part of the wire rope 1 is
8.3 mMm FIG 3B shows the schenkel |ayer core dianeter (d3 in FIG 1)
on a first 5axis at left, and al so shows the schenkel dianmeter (d2 in
FIG 1) on a second axis at right. The figure indicates that as the
nunber of schenkels 3 is increased, the _schenkel dianmeter d2 is
reduced and, conversely, the schenkel 7l éyer' core dianeter d3 is
i ncreased because the 10schenkel s nove toward the outer circunference
of the rope. FIG 3C shows the calculation results of the torque
coef fi ci entamovart et e1sedie iodd th@t 9% idsi ng val ues obtained in FIG 3B
When the schenkel twisting pitch L1 described above is 88 nm (the
outer dianeter Wideyr thie cueditign &hpd tthssutiaie dignetgpeirofsthes
m), the twi sting angle of the schenkel 3 is sin a_= 0.189. As _the
schenkel twisEIngifa @Rl 9t e W ifenBereoft déhénkel®r EHE -t wtsEIRYS
pitch values in the table at right were used with the tw stingwgngle
bfat

| eft uncharded saltenked: Have T &515¢ Fdededst Hébr &8 hl4ndlboan|
torque coefficient values are defined to be in the range of_tt}% .
shade@ ar e@¥dcc diditfg o ae Fltq IOV (&ifgSrhen ke, &firallGzi 10 s
found that the val ues taken when the nunber of schenkels 3 is from
four to si¥te ldl |Buebl FEPRUSLSTRE t*drHilte c3g?f %(‘:Fﬂéﬁ? ilgd?'ﬁﬁF%ﬁsed
he out er GIRIEEE HE SITTE ednRE gt 1 RESATFEn OBE 1 and.
bt ai nod | FEHFIG] SESTHHE dPatenGoCHORE Phdr BIFAZ-SRLY nbdls o
schenkel layer core diameter d; is increased because the
10 schenkels move toward the outer circumference of the rope.
FIG. 3C shows the calculation results of the torque
coefficient that were carried out by using values obtained
in FIG. 3B. When the schenkel twisting pitch L; described
above is 88 mm (the outer diameter d; of the steel wire part
15 of the wire rope 1 is 8.3 mm), the twisting angle of the
schenkel 3 is sin @ = 0.189. As the schenkel twisting pitch
L; in each number of schenkels, the twisting pitch wvalues in
the table at right were used with the twisting angle left
unchanged. If urethane resin used as the resin and
20 allowable torque coefficient values are defined to be in
the range of the shaded area according to the fatigue
strength of this material, it is found that the values
taken when the number of schenkels 3 is from four to six

are allowable values. The torque coefficient is increased

25 outside the range.



5be within the range of 2.5 to 3. 2. Next, the relation between

t he bending stress and the cross sectional area at a portion of the
driving sheave on which the wire rope is wound will be descri bed,
with reference to FIG 4. As for the elevator wire rope 1, as 10t he
bendi ng stress at the bent portion of the driving sheave is snaller,
the stress anplitude beconmes smaller, aa% the Iife can be thereby
likely to be prolonged. An exenplary fetfiod of calculating the
bending stress is the Chitaly's equation indicated as equation (3)
(reference: 15"Wre Rope Handbook", Ni kkan Kogyo Shi mbun Ltd..,
1995.03) . = E. coE¢1)3B/ tfudthor gption b%@e@ % PR g dEteds &
(Pa), Eis the vertical elastic coefficient (Pa) of the el enentar
wire of thekde steahe'inf &F%g Andine (BEe $9P¢ ¢hé b & estsé:iller%erle

riving ShelAeEen PR GPLASFope FaonuiaraolE vahitscrpl eape
ascal cul diiet fhiom cifiat FORS( F=7ThE RBRTFoNCar D@ R ehecar anto
05 5 19°% WedomIS dARS B pct 1 Dt he hor i zontal axis and
{Re ver t1 cal ami@rt FOrie Raratal pUr ey, eSS (AR o ha e
outer diameler JLoL {8 Sieel, e Rt 29l dhend R4NARG drkdiken

which the wire rope is wound will be described, with
reference to FIG. 4. As for the elevator wire rope 1, as

10 the bending stress at the bent portion of the driving

sheave is smaller, the stress amplitude becomes smaller,
and the life can be thereby likely to be prolonged. An
exemplary method of calculating the bending stress is the
Chitaly's equation indicated as equation (3) (reference:

15 “Wire Rope Handbook”, Nikkan Kogyo Shimbun Ltd., 1995.03}).
o = E-cos®-§/Ds equation (3)
where o is bending stress (Pa), E is the vertical

elastic coefficient (Pa) of the elementary wire of the rope,
@ is the twisting angle (°), & is the fine steel wire
20 diaméter (m), and Ds is the diameter (m) of the portion of
the driving sheave on which the wire rope is wound.
The vertical axis in FIG. 4 shows the bending stress of
the fine steel wire that was calculated from equation (3).
The horizontal axis in the drawing shows the cross

25 sectional area calculated in FIG. 3A; wvalues of the cross



in correspondence to the nunber of schenkels 3. As the nunber N of
schenkels 3 is reduced, the cross sectional area is increased; when
the nunber is four, the cross sectional area is maximzed. It is
found that the bending 10stress generated when the nunber of
schenkels is four is greater than the bending stress generated when

t he nunber of schenkel is five. To assure a breaking force sufficient
for the elevator wire rope, there is a ﬂ%wér limt for the cross
sectional area. To achieve a prolonged |ife against 15bending, there
is an upper limt ab for bending stress. This upper limt .is

det er mi ned SEEEGIAHG AEA REF BLUGFE %S OFergeh NOF 1ERE tete 8RR fBfi al
used and is affected by the state of frettin ar of tﬁe fine steel
wire and byaidi9sataforddiy PHidie S Sddesti O H’%e%ed{‘ﬁ SWrén Y1h&t ffal

20having a fine steel wre strength of 2600 MPa_.and fretting wear_is
taken int o RIGHS et iWie 8 torfid) Agdds t ?Berggfr?g??fB?rggﬁﬁiie?he
area A to diEa D oBecTal T {64 e HUBFLRT it Odnd SFoRaF o MLES PEIrs
Sl | Ut (0 F18 30150 AR o bl | SRRSO s RSO ant s ERG 7Bl
Sect i onal arbd TS TRAIIARGEAS i CRE S 0F G R gt o4 | RS b Eh
oL houah (e, 505, S LA 8Le% 1 IR nd DE BT Pk ess
D and that ifeh The MUEARA=T CIHerusl & aind Suier o7 sareitel s i n
o e o R F5003, AR B e
10 stress generated when the number of schenkels is four is
greater than the bending stress generated when the number
of schenkel is five. To assure a breaking force sufficient
for the elevator wire rope, there is a lower limit for the
cross sectional area. To achieve a prolonged life against
15 bending, there is an upper limit ob for bending stress.
This upper limit is determined according to the fatigue
strength of the steel material used and is affected by the
state of fretting wear of the fine steel wire and by
variations in fine steel wire strength. When a material
20 having a fine steel wire strength of 2600 MPa and fretting
wear is taken into consideration, ob only needs to be set
to, for example, 250 MPa or less. The graph in the drawing
is divided into four areas, area A to area D, according to

the upper limit and lower limit. It is found that the area

25 A is an area in which the bending stress is small but the



Under the restriction conditions described above, in this enbodi nent,
when the nunber of schenkels 3 was five and the dianeter of the fine
steel wire was 0.29 mm the schenkel dianeter was 2.9 mm the outer

di aneter dl1 of the 15steel wire part of the wire rope 1 was 8.3 nmm
and the schenkel twisting pitch L1 was 88 mm which is the | ower
limt used to reduce the torque coefficient to zero. FIG 5 shows the
geonetrical relation between the schenk&l® "ayer core dianeter d2 and
t he nunber of schenkels 203. For the schenkels 3a and 3b, the strand
2 is omtted so that the geonetrical relation can be easily seen
Equation (odmlsrrfigmalhamechdmkdnaudfdicicste Fhgmdreés §218ndn area
schenkel dianeter d2 fromthe right triangle formed with the center
of the wir el ogeich Hhedmreling sftngss dén aggl t@@aﬁaotsﬁesﬁicaﬂé’?lﬁﬁ
r of the straight line connecting the - 21 - centers g and s of the
schenkel s 3aremnd SHDSiH iF @ adigc éire BF sdach 16t [REr 2LEF2 1P S’?‘/l& =
si neequation (4) If gis .5 (thickness of the projection
4P of the iFkeroWIhyEre ress Aedisdheiies id et equdtifon (5)

hol ds d2/d3 = sin0/ (1 + 77)equation £5) o, .
5 bending stress is high. Thus, it is found that an area 1in

which the cross sectional area is sufficient and the
bending stress can be reduced is the area D and that when
the number of schenkels is the number of schenkels in this
areas, that is, five in this calculation example, various
10 performance requirements for the wire rope 1 are satisfied.
Under the restriction conditions described above, in
this embodiment, when the number of schenkels 3 was five
and the diameter of the fine steel wire was 0.29 mm, the
schenkel diameter was 2.9 mm, the outer diameter d; of the
15 steel wire part of the wire rope 1 was 8.3 mm, and the
schenkel twisting pitch L, was 88 mm, which is the lower
limit used to reduce the torque coefficient to zero.
FIG. 5 shows the geometrical relation between the
schenkel layer core diameter dz and the number of schenkels
20 3. For the schenkels 3a and 3b, the strand 2 is omitted so
that the geometrical relation can be easily seen. Equation
{4) holds for the schenkel layer core diameter d; and
schenkel diameter d; from the right triangle formed with the
center p of the wire rope, the center g of the schenkel 3a,

25 and the midpoint r of the straight line connecting the



The followng relation holds for the schenkel |ayer core dianeter d3,
t he schenkel dianmeter d2, and the dianmeter d4 of the inscribed circle
of the inner layer resin 4 in a 10star shape in FIG 1. d3 = d2 +
d4equation (6) If d3 is deleted by using equation (5) and
equation (6) and these equations are solved for 0, equation (7)

holds. 0 = sin-1{(1 + q)/(1 + 41()equation (7) 15where 77 is 8/d2 and
e is d4/d2. Thus, the nunber N of €dhénkels 3 that satisfies
various properties of the wire rope | covered with a resin, which are
the torque coefficient, cross sectional area, and bending stress, can
be obtai nedSEars Ky 0 dedfeddle antertedsnditngep 3bhe "harheast N =
180/0 to an integer. As descri bed above, when the val ue of the
ratio of tHEJRRE doamtdr st the steel wire part of the wire
rope to the schenkel dianmeter d2 is from2.5 to 3.2, the ratio is
sufficient for t{e élébé@br‘vﬁ%ﬂ? rope. Therefore, when theequation (4)
25rel ati onal ex reSS|on dl = 2 x d2 + d4 is used, e (=_d4/d2 - 22 -
is greater thant.% iuté s(ﬁénucépetsﬁaﬁflt@e BUeIestiRe §8oRét ERgalnner
relati on of  the cross sec |on of the_.wire rope, however, when the

di anefer d4-83e% HESiis @i Biéd éFP@Péeéf d%ﬁ%eé%ﬁ%nk%ﬂ’éaél?% Sl retds

than the schenkel,6 di anete the 5torque coefficient can be
reduced, so thél 2dpanet%¥n %hﬁ chenkel 3 and the nunber gauation (5)
schenkels 3 to ced can be sel ect ed mnthln he r
< 1.2 |If specu? e'c LRsing elpigerny iplds fpr 4 ear3é3 eglnéasqe&
equation (L0 ASGUTRS ¥, 8 HE0LEE8,R0Y LDSLBLYC Pl Phianeter
ds of the inscribed circle of the inner layer resin 4 in a
10 star shape in FIG. 1.
dz = ds + dy equation (6)

If d; is deleted by using equation (5) and eguation (6)
and these equations are solved for €, eqguation (7) holds.

B = sinN (1 + m/(1 + &} (") equation (7)

15 where n is &8/d, and ¢ is d;/d».

Thus, the number N of schenkels 3 that satisfies
various properties of the wire rope 1 covered with a resin,
which are the torque coefficient, cross sectional area, and
bending stress, can be obtained by using € (degrees) and

20 rounding up the wvalue of N = 180/6 to an integer.

As described above, when the value of the ratio of the
outer diameter d; cof the steel wire part of the wire rope to
the schenkel diameter d; is freom 2.5 to 3.2, the ratio is
sufficient for the elevator wire rope. Therefore, when the

25 relational expression d; = 2 x d; + dy is used, ¢ (= d4/d)



10of the nunber of schenkels N = 180/0 = 4.7 to an integer is five,

i ndi cating the nunber of schenkels to be placed is five. In this
enbodi ment, five schenkels 3 are placed around an outer
circunference; in conparison with a case in which 15six or nore
schenkel s 3 are placed, a helical diameter in the twisting of the
schenkels 3 (the dianeter wll be refer Sd to as the schenkel |ayer
core dianeter d3 below, and the relatro% d2 = 2 x R holds) can be
made small. |If the schenkel |ayer core dianeter d2 is reduced, the
torque 20coefficient described above can be easily reduced.

) Th
i ndi vi dual iSwiogerig pitheRed -ar 8UseFTad 1fE| FBRE: 1f 6r L WF re° ridie thate
has an outer rope dianeter of 10 nmafter the wire rope_has been
Eovereddmﬁﬂﬁoﬁeﬁg§ﬁﬁ} fgd-addpeniedl thw SEPRG 5?FEH°E1°EstBEtW%5e8§oﬁﬁf
outer dianmeter dl of the 25steel wire part _of th ' = 8.
gn@, Ehe ngﬁﬁge;#ngfeﬁ F?ﬁspﬂﬁﬁﬁﬁﬁFcﬁ4E?%iEh%e%ng%gaéSQrﬁﬁffg%H%ﬁk%ﬂe
i anet er = 2. , .and a _fine steel w tw sti itch L3
{o'7.1 mm COMERAIEeI? iy eniglaner o to20 G0 PRePRESE: eci e
in ich the strands 2 and the fine steel w t,0 2 I d
al ong3ci r c eien &&& it o4 st gigd %ﬁy&?dﬁﬁﬁ S{%%s?ﬁgngga %53368 aggg

Val e, det erfERTr A i SRR 19lg THACIA Puicd: PhgP THe st Fhind
LSt 00 DL 2 o A LIRS 008, 33,18 0he0kel o 100 g 2
values, £ = 0.86 and 7 = 1.14, are assigned to equation (7),
8 pecomes 37.8 degrees and the value obtained by rounding up
10 of the number of schenkels N = 180/8 = 4.7 to an integer is
five, indicating the number of schenkels to be placed is
five.
In this embodiment, five schenkels 3 are placed around
an outer circumference; in comparison with a case in which
15 six or more schenkels 3 are placed, a helical diameter in
the twisting of the schenkels 3 (the diameter will be
referred to as the schenkel layer core diameter d; below,
and the relation ds; = 2 x R holds) can be made small. If
the schenkel layer core diameter d; is reduced, the torque
20 coefficient described above can be easily reduced.
The individual twisting pitches are set as follows: for
a wire rope that has an outer rope diameter of 10 mm after
the wire rope has been covered with a resin, the schenkel
twisting pitch L; is set to 88 mm (outer diameter dy of the

25 steel wire part of the wire rope = 8.3 mm), the strand



times as long as the outer diameter dl of the steel wire part of the
wire rope to reduce the torque coefficient; the schenkel tw sting
pitch L1 is longer even in conparison with the strand twi sting pitch
L2. According to the above idea, 15when the outer dianeter dl of the
steel wire part of the wire rope is 8.3 mm the schenkel tw sting
pitch Li beconmes 88 mm Al though, in calculation, the schenkel
twisting pitch Li is 10.5 times as | ong 4% the outer diameter dl of
the steel wire part of the wire rope, the schenkel tw sting 20pitch
Li does not need to be fixed to 10.5 times and is preferably 10 to 11
times to effwtsehnd ywitduce tise stedr quwe 18odf fici(enhenkel dAsmgsser dbed
above, according to this enbodinent, if the dianeter d4 of the
inscribed cZrélmmbf anglariine ysofeR5tidstiet schenkelsct8 Niss isnakketo
than the schenkel dianeter d2, - 24 - the schenkels 3 can be brought
cl ose to thé tentelfpietheead relropdtangter rdsal O, SPormgie r&present ed
by the product of a force with which each schenkel 3 serves in the

ci rcunf er endiBdciirectn omilentze tepsan@s forad ithexEmed B thigaes
wire rope and the distance fromthe center of the wire rope to the
cent erd of tHe BRh&hkare cakadrd rakRedcl1dunirrengediiec ionde tisyer
schenkels 3 and the lay directions of the fine steel wires and
strands ar 2Mhdel HpPesrnes 19 ER PR IRY 211 tdreec et ithe he
fine steel wires 10and stands and the torque generated in the
schenkel s afer¥eherat Tl i R FEethods thoWHiLERTURedegr deésTaiacd
mutual |y cancelled, so the entire torque of the rope is reduced; as a
resul t, thefFtathhgianopaFiyring whitht the ertiTiea r Eneogsrebtat es
around the central axis of the wire rope is _15 reduced and the _force
wi t h which EW%H%rH’H@C}Fe%ﬁ A5 ¢ -tnitdfied ies tlﬁ’é‘rgeﬁ‘ﬁ t8gucehenisla

result, damage of the covering resin, which would he ot herw se caused

by t & r ot ATHP pFoFrt FRc e LEHedsg¥dsting pitch Li 15 10.5

times as long as the outer diameter d: of the steel wire
part of the wire rope to reduce the torque coefficient; the
schenkel twisting pitch L; is longer even in comparison with
the strand twisting pitch L. According to the above idea,
15 when the outer diameter d; of the steel wire part of the
wire rope is 8.3 mm, the schenkel twisting pitch 1L becomes
88 mm. Although, in calculation, the schenkel twisting
pitch L; is 10.5 times as long as the outer diameter d; of
the steel wire part of the wire rope, the schenkel twisting
20 pitch L; does not need to be fixed to 10.5 times and is
preferably 10 to 11 times to efficiently reduce the torgque
coefficient.
As described above, according to this embodiment, if
the diameter dy of the inscribed circle of a plurality of

25 twisted schenkels 3 is smaller than the schenkel diameter d,,



20REFERENCE SI GNS LI ST 1. wire rope, 2: strand, 2a to 2g: fine
steel wire, 3: schenkel, 4: inner |ayer resin, 4P: projection, 5:
outer layer resin. - 25 - WHAT IS CLAIMED IS 1. An el evator
wWire rope structured by twisting a plurality of schenkels, each
schenkel being formed by twisting a plurality of strands, each strand
being fornmed 5by twisting a plurality of fine steel wires, an
interior of the wire rope being filled ®%Hh a resin, and a surface of
the wire rope being covered with a resin, wherein a direction in
which the fine steel wires and the strands are tw sted and a

di rection ithemsiatteniked sséhemkelbs droughitsttd@SE04Le thet GENE§Topposee,
and a dianeter of an inscribed circle of the pIuraIit% of tw sted
schenkel s i rsnaldpsr tatvarm & edivdifet dorsle Ferserenker, Py theppredect
el evator wire rope according to claim1, wherein the schenkel is
formed by fas rfprsiex witttands &l @RFha SBe@InfefEATES Alatdengl e

| ayer, and the wire rope is formed by placing five schenkels on a

ci r cunf er emderdumfe rsiniglad |dyrgction when ph&egisdvgt Srrwer &Sy sFerted
according to claim1, wherein when the dianeter of the schenk%l %s
denot &d d2 01t Hde0dithetae ond k&g EEhaReE GO éhies cgahsredtdile
a resin thickness between adj acent schenkels is denote

g, if ij. =
8/d2 and e “Exf/mPpeark® ddie manter iaf WhisThe ey &3sk %G gepyeed. 1t

the lay direction of the schenkels 3 and the lay directions

and

of the fine steel wires and strands are made opposite to
each other, the torgue generated in the fine steel wires

10 and stands and the torque generated in the schenkels are
generated in directions in which these torques are mutually
cancelled, so the entire torque of the rope is reduced; as
a result, the rotating property in which the entire wire
rope rotates around the central axis of the wire rope is

15 reduced and the force with which the covering resin is
twisted is thereby reduced; as a result, damage of the
covering resin, which would be otherwise caused by the

rotating property, can be suppressed.

20 REFERENCE SIGNS LIST
i: wire rope, 2: strand, 2a to 2g: fine steel wire, 3:
schenkel, 4: inner layer resin, 4P: projection, 5: outer

layer resin.



1, an angle O (degrees) is derived fromO =sin-1 {(1 +q)/(1 + E)},
and the nunber of schenkels N is an integer 25obtained by rounding up
the value of 180/0. - 26 - 4. The el evator wre rope according
toclaimi1, 2, or 3, wherein a twisting pitch of the schenkel is 10
to 11 tines as long as an outer dianeter of a steel wire part of the
wire rope. 55. The elevator wire rope according to claim1l1, 2, or 3,
wherein the resin is a urethane resin.— 25 - 6. The el evator wire rope
according to claim1l1, 2, or 3, wherein the resin has an inner |ayer
resin having a projection used to | eave a spaci ng between the
plurality OfHADSThePl&EIMERND an outer |ayer resin that covers the
plurality of schenkels, between which the spacing is left by the
i nner | ayer resin. An elevator wire rope structured by twisting a
plurality of schenkels, each schenkel being formed by
twisting a plurality of strands, each strand being formed
5 by twisting a plurality of fine steel wires, an interior of
the wire rope being filled with a resin, and a surface of
the wire rope being covered with a resin, wherein a
direction in which the fine steel wires and the strands are
twisted and a direction in which the schenkels are twisted
10 are mutually opposite, and a diameter of an inscribed
circle of the plurality of twisted schenkels is smaller
than a diameter of the schenkel.
2. The elevator wire rope according to claim 1, wherein
the schenkel is formed by placing six strands along a
15 circumference in a single layer, and the wire rope is
formed by placing five schenkels on a circumference in a
single layer.
3. The elevator wire rope according teo claim 1, wherein
when the diameter of the schenkel is denoted d,, the
20 diameter of the inscribed circle is denoted d4, and a resin
thickness between adjacent schenkels is denoted 6, 1f 7 =
6/d; and ¢ = d;/d; are defined, ¢ is within a range of 0.5 to
1, an angle 8 (degrees) is derived from 8 = sin™! {(1 +

n /(1 + g1}, and the number of schenkels N is an integer

25 obtained by rounding up the value of 180/6.
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4. The elevator wire rope according to claim 1, 2, or 3,
wherein a twisting pitch of the schenkel is 10 to 11 times
as long as an outer diameter of a steel wire part of the
wire rope.

5. The elevator wire rope according to claim 1, 2, or 3,
wherein the resin is a urethane resin.

6. The elevator wire rope according to claim 1, 2, or 3,
wherein the resin has an inner layer resin having a
projection used to leave a spacing between the plurality of
schenkels and an outer layer resin that covers the
plurality of schenkels, between which the spacing is left

by the inner layer resin.



