- 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 hy driving the w nding machine
and using friction 15between the rope groove on the sheave surface
and the wire rope. As for a machine roomless elevator, the

wi ndi ng machj of L,eh_J }ﬁﬁpsed in the hoistway, the conpactness

of the mﬁndﬁﬁaﬁﬁﬁgﬁﬁﬁgﬁighggﬁg ed to reduce 20t he cross sectiona

area of theEﬁ%?%?W§ygIﬁEmﬁﬁﬂ§ for neeting this demand is to reduce
o he [

t he di anete riving sheave. Wien the dianeter of the driving
sheave is reduced, it becones possible to use a |lowtorque notor in
the wi nding machine to |ift and | ower the el evator car,

TECHNICAL FIELD

5 The present invention relates to a wire rope that
suspends an elevator car of an elevator and, more
particularly, tc 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, 1t becomes possible to use a low-torgue motoxr in
the winding machine to 1ift and lower the elevator car,

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



25enabling the notor to be conpact. Accordingly, a highly - 2 -
flexible wire rope that can be easily bent along a driving sheave
with a small dianeter is demanded. As a structure that increases the
flexibility of a wire rope, a wire rope as disclosed in, for exanple,
Patent SLiterature 1 is already proposed. That is, the wire rope

di sclosed in Patent Literature 1 uses fine steel wires, each of which
is obtained by wiredrawi ng an el enent al msire of the wire rope to make
it fine, the fine steel wire having a breaking force increased to
2600 MPa or nore (the 10breaking force of an elenental wire of a

normal A-type &leval of Ly ESF{e; at ScAPYY 2890, Mpa)« Jaio@g st @glivihge

is made fine, 1t can be eas ent even when it wound on a driving

sheave W th ghsiRl byig¢hagetRkil S@isnout a6t depaglbgbet ween the rope
groove and the wire rope can be ensured. 15However, the steel wre

that is made fingsia dhhstvey tBati kednedsesCause faekabiguey fad laufdre
due to fretting wear attributable to the reduction of the cross
sectional aregpef d harst eebewss edifAcioaredi il y forhexanpke r datent

di sclosed in Patent Literature 1 has a structure in which the

20ci r cusf er eénicesradfurec Aenkeb $réadyrgar dpoeex. | NEhat dgd, Wiheewigadrope
strands are filled with a resin and the entire wire rope is covered
with a resi rdistHesedsiin Eavert nbltenatuusad spacefiparsiceehatiygssevent

contacts between adjacent schenkels and | eaves substantjally equal
spaci ngs bet&#®h of which is obtained by wiredrawing an elemertal wire

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 disclosad 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



25t he schenkel s placed along a.circunference so that the - 3 -
schenkel s are not easily brought into netal contact with one another.

CI TATI ON LI ST 5[ Patent Literature] [Patent Literature 1]
Japanese Patent Lai d-open No. 2006-9174 SUMVARY OF | NVENTI ON
10[ Techni cal Probl em 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 rofates around the central axis
of the wire rope. Wth an el evator, wher’the 15wire rope passes over
the rope groove in the driving sheave, the wire rope very slightly

slides on the.rope.aroove due to the rotatin roperty. o] st,
with the wi rFYSEEF §6FoRRY T3 Pat g’rﬁouﬁﬁt eﬁ‘gF‘gr%g 2l tﬁ?g%)éﬁ%e{r;}uﬁ

ci rcunf erence of i is covered with a resin, since the frictional
20coef fi ci en%neneatn%é% the rope groove and an outer |ayer

CITATION LIST
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, torque 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



resin is high, the outer circunferential surface of the wire rope is
constrained within in the rope groove. Accordingly, torque generated
inthe wire rope acts as a force wth which the covering resin is
twisted, so if the 25wire rope is used for a long period of tine, the
covering - 4 - resin may be damaged and the wire rope may be
exposed, which may |lower the friction force between the wire rope and
the driving sheave. To prevent this probhem a wire rope having a
surface 5covered with a resin is demanded to have a property in which
even if a tensile force is applied, rotation is not easily caused.

Wth the wirg.20ope.di s asrdgkl FRLSMe Liihey dbpkendy BOVEYSSsed,

attention is mainly paid to the inprovenent in resistance to bendi ng

fatigue and fhecH M0t aldweRalher @peEt Yor SEJ1¥e BRRGLERT €He ahidd lrope
An object of the present invention is to provide an elevator wire

rope that regtuceme dnmivihignghkaree, which is exerted on a covering
resin due to the rotation of the wire rope when the wire rope passes
on a driving shemverektdr$olthtiisoproblénpbd enjrelcopehhevénghe mipoiere
object, in an elevator wire rope structured by twisting a plurality
of schehkel s¢coeanih soldnkelrelsénngs f demadicsy towheving areperial iiny of
strands, each strand being fornmed by twisting a plurality of fine
20st eel Wi r eghigthevim dfi or tensihe ipr¥ee déparpeiing. f rptreion is not

easily caused. With the wire rope disclosed in Patent

Literature 1, however, attention is mainly paid 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 [Solution 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
twlisted and the direction in which the schenkels are

25 twisted are mutually opposite, and the diameter of the



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

t he schenkels are 25twi sted are nutually opposite, and the dianmeter
of the - 5 - inscribed circle of the plurality of tw sted schenkels
is smaller than the dianeter of the schenkel. That is, when the
di ameter of the inscribed circle of a plurality of tw sted schenkels
is smaller than the dianmeter 5of the schenkel, the schenkels can be
brought close to the center of the wire rope; as a result, torque
represented hy. t r o] force whth which e schenkel serves
inpthe cich‘EEF%%F%aﬁng;%c%?gﬁma gﬁrglﬁngP%egk%§§é§i%fhg?éﬁhgdl%n

the wire ro a?}r}%rt Qﬁagi 13_1’,1@?‘%%6&%%%%@tﬁgrggﬁe]}]g?i)f the wire rope to

the center o e schenke ue w e referred to as the

entire rope torquygelsowWyneant e dodHasd: off thBeihayr didLclien0b<t he
schenkels is right (Z twisting), for exanple, when the lay direction

of the fine gtaeliwy g endstde Sdnaandssi s! ehd1 (& toMast ithe) dikiSter
15torque generated in the fine steel wire and the strand and the

t or que genersh athe BchbBaksthetikel saied kg@Betahebe i sraligicidiors to whéch
these torques are nmutually cancell ed. Since, as described above, the
entire rope deortgue oifs thedutes @kt lae bayedulectiangiaamrepsesehbed by
directions in 20 which the torque generated in the schenkels is
reduced, theheopgedugénef a2 etbige tighwivhachopecie ssrhismkeddgesttes bin
whi ch the rotating propertglin which the entire wire rgpe rotates
around the dé¥t circanfereptine dlinesctiopevwhenradiRiett dndorre £86rce
wi th which the covering resin is twsted is therer
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 te as the entire rope torque below) can be
reduced. If the lay direction of the schenkels is right (2
twisting), for example, when the lay direction of the fine
steel wires and the strands is left (S twisting), the
15 torque generated in the fine steel wire and the strand and
the torque generated in the schenkel are generated in
directions in which these torgues are mutually cancelled.
Since, as described above, the entire rope torque is
reduced and the lay directions are set to directions in
20 which the torgue 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



25reduced; as a result, damage of the covering resin, which - 6 -
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
obt ai ned 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 DESGRIPTI ON OF DRAW NGS Fl G
1is a cross sectional view of a first enbodi ment of an elevator wire
rope according to the present invention. FIG 2 illustrates a
direction i liCRet idd€ phORBeShoWE: 1 opektiys tWhsbed.
15FIG 3A i%ngFrg?egg?ﬁ£§¥§%g%?%%%ﬁbgtmeen t he ﬁgﬁgérpbf gzhenkels
in the el eval@hWiskegrope shown in FIG 1 and the cross sectional

ar ea. FIG 3B illustrates the relations between the nunber
of schenkel s in [pagagkavabas BEfecyops dheentionFl G 1 and the
20l ayer core dianeter. FIG 3Cillustrates the relations between

t he nunber of saherieksibadt Aeoed eveatamrdiinge tpopke shogderth imventioand
the torque coefficient.
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.

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 &; of the steel wire part of the wire rope and the



FIG 3D illustrates the relation between the outer 25dianeter dl of
the steel wire part of the wire rope and the - 7 - schenkel

di aneter d2, that satisfies the allowable val ues obtained fromFIG
3C. FIG 4 illustrates the relation between the cross
sectional area of the elevator wire rope shown in FIG 1 5and the
bendi ng stress of the elenentary wre. FIG 5 is an enlarged
cross sectional view showng the vicinity of the center of the

el evator wire rope in FIG 1. DESCRI PTT ON OF EMBCDI MENTS 10An
enbodi mrent of an elevator wire rope according to the pr esent

invention wll escribed with reference_to
el evat or wi r%pl}ed'g@ql dLameEehede by el §?Fh@f3aesp|%ﬁltl§>wabl§cweﬁm s

3, each of i.ch_is re twisting a plurality of strands 2,
and each of qaclt?ed ffc8f“ngjélg Wi sti ng a plurality of fine steel

wires 2a to 20. Ap.innes,l, ?ﬁ?été% L 4di3eRpavhded. at bhe genter of
“the elevator wre rope e el's ei'ng vmse I THE
sectional area of the elevator wire rope shown in FIG. 1
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 invention 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 J§
being left among them, and the inner layer resin 4 has
projections 4P to ensure the spacings & so that adjacent
schenkels 3 are not brought into direct contact with each
other.

25 An outer layer resin 5 covers the entire outer



inner layer resin 4. The plurality of schenkels 3 are 20di sposed
around a circunference with al nost equal spacings 5 being |eft anong
them and the inner |ayer resin 4 has projections 4P to ensure the
spacings .5 so that adjacent schenkels 3 are not brought into direct
contact with each other. 25An outer |ayer resin 5 covers the entire
outer - B - circunferences of a plurality of schenkels 3 to prevent
a netal contact with a driving sheave. _For_the inner |ayer resin 4
and outer layer resin 5, a material supefrior in abrasion resistance
and oil resistance, such as, for 5exanple, urethane resin is

f bl ed. | th | f 1 i ,
Phe adhes) veraes SRREan ot RE. § ool e et RLBPRAPT oo Saq ERE ®
resin of the %]f[%:ogﬁ%@:nc. Gapy, be R efeablie ipe HeaYaheFeshPeft

t
I
may be for med Wi resin nmateri superior in abrasion 10resistance

and ease Of.f%gfﬂ N9 .andnduthe P&%é% P AN 5 el RabefBy1 beydarinRdini th a
resin material I n which an additive, such as, for exanple, alum num

powder is mixnddidreRedniachhast A o¥ll hrdshgtaheay esudiharscifenkel s 3,
the strands 2, and the fine steel 15wires 2a to 2g may be each pl aced
in a singl e d:a@y1d,Nurethane resin is preferably used. If these layers
are formed with the same material, the adhesiveness between
the 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 Lo 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 2a 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 6 is placed inside each



radi al directions around a circunference; besides this placenent,
they may be placed as two | ayers, many schenkels 3, many strands 2,
and many fine steel wires 2a to 2g may be each bound w t hout form ng
a layer, and sonme other 20structures may be considered. In this
enbodi nent, to reduce the nunber of manufacturing person hours and
the frictional coefficient due to strand contact, the schenkels 3,
the strands 2, and the fine steel wres ga to 2g are each placed in a
single layer in radial directions around”a 25circunference. A resin
core 6 is placed inside each -9-. schenkel 3 formed by twi sting the

plurality of _strands_2.. In this enpodi ment, no schenkel_i | aced at
e cent or CCRATEL o soF Rt oY SRSl Aok PLuPSIePE o se?-
schenkel s 3 are pl aced around_the outer .circunterence of ,5the inner
P R R

the number 15 ngt; Jy %L.egnﬁgrfiéé?eg fre%'re'rlaysoﬂ a B! SR M e
an

described later 1Is satisfie a result of calcul at'ion expl ai ned

later is wtdhin, AR1areaska T%liaééﬁltaf&ﬁeﬂir amedehii fed Hydnfie rehesssand
cross sectional 10 area. e dianeter d4 of the inscribed circle of

the inngr | e irr&%irnléyelﬁm:gélil’ﬂa@. th@tﬁb@%ﬁ%ﬂ@ﬁﬁmﬁﬂ:@rs@fa§clﬁéhlfé’!§naa

star shape, is smaller than the dianeter d2 of the schenkel 3.
is five in FIG. 1, the number is not limited to five if a
relational expression described later is satisfied and a
result of calculation explained later is within an area in
a limit diagram defined by the stress and cross sectional

10 " area. The diameter dqs of the inscribed circle of the inner

layer resin 4, which has the projections 4P so as to form a
star shape, is smaller than the diameter d; of the schenkel
3.

Next, the method of reducing torque coefficient K,

15 which is 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 elevator, 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



Next, the method of reducing torque coefficient K, 15which is an

i ndex of the rotating property of the wire rope will be described
below in detail. The el evator wire rcpe 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 20axis of
the rope. Wth an elevator, in case of a normal wire rope, when the
W re rope passes on the driving sheave, ;tthe 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 2 r|ctlonﬁgaggg£¢éciéngldﬂ%%mQﬁgﬂegg > Otit &1 sl Avgr resin and

- 10 - the V|ng S ve'is” higher than t rlctlonal coefficient

bet ween wir g5, f%&?18H£eﬁe{ﬁQgﬁ J 8] i8eCORBLE al HRd- ivslife 1s0pe

gr oove. AccSrdi fhe outer layer resin receives a force in a |ay

direction, Sc%nfs*%%‘:a%@a' Do "BYe besSlanpaRd eduUridib @iingny, penkosuodr
usage. In this enbodinent, in case of a so-called secondary

twisted W reayei ¢lsiif foEaBEebYa tTirald Ng hheafidiratisen, wiscesh@a t o
2g and strands 2, the torque coefficient Kis given by a

di mensipnl esssjuwanhiyt e KdanddédVduingk alQwher peiod &€ tusagiel-e force
(N, Tis torque (N.m due to the
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 used.for the torque, the
torque coefficient in the secondary twisting configquration
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 1073 = (N1-Fl-Rsina + N2:F2.r-sinf) /(W x D)
x 1073 expression (1)
where N1 is the number of strands within the cross

25 section of the rope, F1 is a tensile force (N) exerted on



tensile force W and Dis the rope dianmeter (nm. That is, the closer
to O the index is, the smaller the rotating property is. Furthernore,
if the dianeters of the schenkels and strands constituting the wire
rope, the layer core 15di aneter, and other variables are used for the
torque, the torque coefficient in the secondary tw sting
configuration can be expressed in expression (1). If this expression
is applied to a so-called three-layer wire rope, which is forned by
twisting the fine steel wires 2a to 2g, 1dtrands 2, 20and schenkels 3
to formthe wire rope shown in FIGS 1 and 2, expression (2) is
obtained. K= T (Wx D) x 10-3 = (N1-F1-12. si naN2. F2. r - sinig)/(Wx
D) x 10- 3exfife&sStdenct) Ruhdra MIPS slanfes SerBeFradiust Mnd% viist kha t he
cross 25section of the ro a tensile force (N) exerted on

one strand, %§§%9Qatﬁ6ﬁglpgy%99%%rb)raH?ués(Fﬁe nymoer; RE Stp@ngteel

t t h nb f | thin th
cTrMo:sI ggc'ino % ¥ wﬁég?gpgﬁe EPZLDC}JSSS gsre[c I n% g{:ee t r \r,‘m*tse(:j‘I gﬁnﬁﬁ%e
fine steel wife. ry Fgaﬁéé“& 5An%vefrm%° %eg%d' X eUQ 1200skhahg @

fine steel wire tw
5 layer core radius (m), and £ is a fine steel wire twisting

angle (°).
K= T/(W x D) x 10 = (NI.F1-R-sin@ + N2-F2-r-sinff +
N3-F3-x0-siny) /(W x D) x 1073 expression (2)
where N1 is the number of schenkels within the cross

10 section of the rope, Fl1 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 rope, F2 is a tensile force
(N) exerted on one strand, r is a strand layer core radius

15 (m), B 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 ¥ 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



angle (). K=T (Wx D x 10-3 = (N.Fl.Rsina + N2. F2-r-sinfl +
N3.F3.r0.siny)/(Wx D) x 10-3expression (2) where N is the nunber of
schenkels within the cross 10section of the rope, FI is a tensile
force (N) exerted on one schenkel, Ris a schenkel |ayer core radius
(m, ais a schenkel twisting angle (), N2 is the nunber of strands
within the cross section of the rope, F2 is a tensile force (N)
exerted on one strand, r is a strand Iaygr core radius 15(m, fi is
the strand tw sting angle (), N3 is the nunber of fine steel wres
within the cross section of the rope, F3 is a tensile force (N

exerted on %g%af %QElg%ﬁeHV}év{:&’tﬂu )1LS Brdil et ‘é%c%ﬁﬁei ayffe L Nk e

radius (m, ine steel wire twsting angle (). 20For the

enbodi ment % a&g%ef_)r& qnt s!mexﬁnt £08, s hGud agsén@rae@al By Ohe tdie Wie €

rope wll escri bed next wifh reference to FIG In this

enbodi ment, ?@ HQYnQHE@dd&iH @fo hesschrakedy 3d1r?edt|1@|ﬁt bz tmésting),
the lay dlrec lon of the strand 2 is 25left (s twisting), and the |ay

direction ofschhaxkine st@edhe -1al2 direcetons defithe Stivamst Pnghd Euen
when a schenkel |ayer core
5 steel wires 2a to 2g are made opposite to each other so
that the torque represented by the first term in equation
(2) (the torgue will be referred to as the entire rope
toque below) is canceled by the torques generated by the
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 torque
below, and the third term in equation (2) will be referred
to as the strand torque below.
The strand torque is only 10% or less of the entire
15 rope torque 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 toxque
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



dianeter d3 is small, the torque generated by the entire rope is not
reduced to O, so the lay direction of the schenkel 3 and the |ay
directions of the strand 2 and fine 5steel wires 2a to 2g are made
opposite to each other so that the torque represented by the first
termin equation (2) (the torque will be referred to as the entire
rope toque below) is canceled by the torques generated by the strand
2 and fine steel wire, which are represented by the 10second term and
third termin equation (2). The second tédrmin equation (2) wll be
referred to as the schenkel torque bel ow, and the third termin

t 2 Il .b f d t t t
cauation (2), WAJ e relerees 19 S e, sLiand, Lopaue bel on e,
i " el he {00 S Py A 0 '
A di ly, t t
focornal . oSk L el o Seker agt by T o

adj ust nent Wltstagné%ﬂ ELE S SN REECRe0h 1he-dRRRd Sehbnghldeing

perfornmed, the tor clent can be conpletely reduced to O w

ease. Tye r@l%fchonlbféw af W §ﬁa%@r@@n@@wﬁaelﬁgrme B in
coefficient will be describe Slnce the total tensile tTorce exerted

on the rope the sebshantéahlys qweats@dt hen25twiadidensitka Lorice
exerted on the schenkel, N1-F1 = N2-F2
shortened), the torque coefficient can be adjusted to
reduce its value.
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, z necessary
breaking force must be assured, the outer diameter of the
elevator wire rope 1 must be reduced, and the diameter of
the fine steel wire must be reduced. That is, to cancel the

15 entire rope torgque with the schenkel torque, it is
desirable that the schenkel torgue 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 of the schenkels 3 in radial



- 13 - holds in equations (1) and (2). In the geonetrical relation of
the rope, since the schenkel layer core radius Ris greater than the
strand | ayer 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 ig in the second termis increased (the tw sting pitch
L2 is shortened), the torque coefficient can be adjusted to reduce
its value. To inprove the ease of bendi and resistance to 10bendi ng
fatigue for the elevator wire rope 1 while the design guideline
descri bed above is foll owed, a necessary breaking force nust be

assur ed, ;Egﬁ_[%létc%r' oggaggéle£l?é’IrH}rﬂJ%r‘3|o%V§EHén%i§ EAPSel PHhabey set

r educed, he ~dr ame 0 e fine steel wre nust be reduced.

That is, togagcelsthe,i5entiss GRS hOsAPerbE htdhus ghankek tonque,
it is desirable that tﬁe schenkel torque Is increased with as small a

rope di amet efi. ;.3$tRee8i Bhe1e Toeshxddiice, tbhBendihgr fofiarhankebshdx must
be increased, the strand | ayer core radius r must be enl arged, or

both nmust berepeiiedsodte 28thyEMey., these countermnmeasures increase
the dianmeter of the elevator wire rope 1, so the schenkel |ayer core
radi us R of the Nexvatangesr énrgpict the vadnessefl teeoteliigl y. That
is, if the nunber of schenkels 3 is set as described above and the
i nner | ayer weagsialplési $nsequativred 2is cdasberi bajen will be described in
detail with reference to FIGs. 3A to 3D and 4. In addition
to the torque coefficient, the breaking force and bending
resistance life are other performance indexes needed for
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 (rm?) .
FIG 3B shows the relations between the number of schenkels
and the schenkel layer core diameter (dsz). 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



25above, the placenent of the schenkels 3 in radial - 14 -
directions and the nunber of schenkels can be optimally set with
ease, and a rope wth a superior torque bal ance can be structured
whil e resistance to bending fatigue and ot her properties are
satisfied. 5Next, ranges in which the values of the design variables
in equation (2) can be taken wll be described in detail wth
reference to FIGs. 3A to 3D and 4. In addition to the torque
coefficient, the breaking force and bending resistance life are other
performance i ndexes needed for 10 the gkevator wire rope 1. FIGS. 3A
t 03D show the torque coefficient and breaking force, and FIG 4 shows
bendi ng stress during bendi ng. In FIGS. 3A to 3D, the nunber of
schenkel s i s tshaner cimd hehehorinddng ahadhdine. ckh Goe Sthetubys maHe thinner.
rel ati ons between 15t he nunber of schenkels and the cross sectional
area (mmR). EhGa88itstwwus iffhthe etutbesnsfbednssen st kpahlinb@xrkofinvolved
schenkel s and the schenkel |ayer core dianeter (d3). FIG 3C shows the
rel ati ons betiRebhe ttnSidebEPres aimeirers %ﬁﬁjtpﬁeIPEﬁcﬂR9‘é6éfflC|ent
The schenkels 3_were placed éOCI cunference in a single |ayer
in radial leEB}?fﬁﬁ?%% % & S%gﬂ%ﬁf PC? yer core di ameter being d3,

as a structure t?g%gﬁﬁgnwﬁggge EQEl%“ggﬁésqf qg@yfﬁgtg%h@gtﬂgr§gwgr

hours and a | 0ss i on generated anong 't acent
schenkel s 3 gyhi f0DEH Bgeakfhnﬂ%‘%&@ tha staft@swé@eé fa‘pe25sf@y@t or

ropes is smaller, the driving sheave can be nmade -

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. 33, each circle (O) indicates a calculation
example taken when the outer diameter di 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 te reduce as the value on
the horizontal axis is increased. When the number of

20 schenkels is six or more, the occupation ratioc of the steel
wires is lowered and the occupation ratioc 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



t hi nner and the w ndi ng machi ne can be thereby made 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 diameter of 1010 mm In FIG 3A, each circle (D)

i ndi cates a cal cul ati on exanpl e taken-whén—-the outer dianeter dl of
the steel wire part of the wire rope 1 is 9 mm and each triangle (A)
i ndi cates a cal cul ati on exanpl e taken when the outer dianeter is 8.3
mn As is cl eactiooal taner dihekaioreas ithés 15ninhahasf tRe R s 3 is

i ncreased, the area of _the inner layer resin 4 at .the_c

enl arged andSiREeBFamRS érheof”{fﬁer%ﬂ?néﬁ‘?léﬂgs‘b‘? SmadduéBg. %Jﬁﬁ“’é%g??
the cross sectj onﬁ rz%fﬂ“jfj hhe st Wre part tends to reduce as
the val ue onSCHEMRS}T Ri 3¢ |ncreased When t he nunber of

20schenkel s is Sgﬁ O&ré@frﬁ Otllgg OEGHPH@N 1 84 110, D5t bBRGBE &8 tier €S

is lowered and the oCcupa nratro of the reins layer is increased.

In this casegy hlaes£§é1 Nvilt eki 8560 WHaCAnbBStR®rcuePanshater kianof hthe
steel materi aIl be nmuch used, and the manufacturing cost of the

wire rope 1 lss_eail wkﬁé odra blﬂCtE@Sﬁ.reFu:Op’ethelsngemOI he ofurtdees efoss
e 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. 1In
the case of a fine steel wire strength of 2600 MPa, when
the outer diameter d; of the steel wire part of the wire
rope 1 is 8.3 mm, there is no applicable schenkel; when the
outer diameter d; 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, fox
example, 8.8 mm rather than reducing to 8.3 mm, the
distance between the schenkels 3 (& 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 di 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



sectional area, therefore, it is found that the outer dianeter of the
wire rope should be small and the nunmber of schenkels should be
smal | . The drawi ng al so shows that when the strength of the 5fine
steel wire is 3600 MPa and the outer dianeter dl of the steel wre
part of the wire rope J. is 9 nmm the nunber of schenkels can be
ranged fromthree to eight. Wen the outer dianeter dl of the steel
wre part of the wire rope 1 is reduced to 8. 3 mm however, the range
of the number of 10schenkels is threeté7stx, |owering the design
freedom In the case of a fine steel wire strength of 2600 MPa, when
the outer diameter dl of the steel wire part of the wire rope 1 is
8.3 mm t hePBOMEENBLaPPRIR aDf NG HEMS!; when the outer diameter di

f the steel wi t.of the. w 15is 9 gm th f th
number of schenbBrEs Ep8nraRtt T et Ube BhEeF Rt i vE (et
f th i 1.1 { t d wi.th th t [ t 2 [ t
Lo, Tor exafboBs A-ESHRT A hor thili PodGEPnG 15 5.5 T “Tis areranie

bet t he .ggh i D, oS o€ 1620 .
morite in CASE PRECTTREI IREG T6r (RETPFPE: Rahobr TRe TAneh T ayare

resin 4 and jthat ;qnEEACt Ad NG HATdHALIsORe Cabh it | auraked. (45 in
descri bed above, the outer dianeter dl of the steel wire part of the

wire rope lpaad thecAugbsscsia sohenisel $1ga0. bendetrerikaedndicates
consideration 250f the strength of the fine steel wire to be used and
t he that as the number of schenkels 3 is increased, the
schenkel diameter d; is reduced and, conversely, the
schenkel layer core diameter ds 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 o = 0.189. As the schenkel twisting pitch
I; in each number of schenkels, the twisting pitch values 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 numbexr of schenkels 3 is from four to six

are allowable values. The torque coefficient is increased

25 oputside the range.



- 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 (d2 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 | core dianeter d2 is

i ncreased because the 10schenkel s nove ?émard t he outer circunference
of the rope. FIG 3C shows the calculatlon results of the torque

coefficient that :al DC\%f‘é‘lf'?eg‘b}?%H qh %e\é%ggst}? tgﬂg}ﬁd m'élt% dy

3B. Wen the scﬁ1 déscri ove 1s

outer di anet 1 of %geo?E%ﬁ% & Ral rt§1§8fr£§@ yhﬁﬁ%qgﬁﬁsghbﬁk§13

nm, the t Wit i schenke IS si'h a =

schenkel tw &t lmn&ﬁl%' hch il %a%%megmeﬁé £f 1 seharkebsuebhgpt i séd ng

pitch values’in e table at right were used with the tw sting angle

| ef t unchanggQMI@ﬁggrgthaqgugegkawﬂﬁgdsﬁ@wgF&hi@ihmdﬁnﬂﬂgoabbdwabbe
torque coefficient values are defined to be in the range of the

shaded fr ea RCGARMIAILhE thegd adf QUs orength of this material, it is
found that the val ues.taken when the nunber of schenkels 3 is from
four to six are mdditgwabkervabtibsn Hétevdeor qhe berfiingi s¥teds angcitdased
250ut si de the range. - 18 - FIG 3D shows the rel ation between
the outer dicanetsersed2iohal hersa el anipogtgant o6f thhed Wi wHag sheay<ans
the schenkel dianmeter d2, that satisfies the allowable val yes

obt ai ned f r orhiRINGEheCwiTh| BORE avit P Kbk 1ehke BaseiRad y %iddds to

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®d/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 (°), J 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; values of the cross



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, and the |life can be thereby
likely to be prolonged. An exenplary nethod of calculating the
bending stress is the Chitaly's equatroﬁgiﬁdicated as equation (3)
(reference: 15"Wre Rope Handbook", N kkan Kogyo Shi mbun Ltd.,
1995.03). a = E.coscl3. 8/ Dsequation (3 where a.i s bending
stress (F%ﬂ,ngtPQHFﬁea€%?t?¥§ﬂ519§£9ﬁ S%CEB?f?%?%ﬁﬂnﬁﬁéafx&F ?ﬂa

el enentary wire of the rape, (1) i.,s the i Sti angl e.() .. iLs.the
fine steel W élefoa%aﬁgf’ggerk%rfg &ivd D8 ngw%ﬁg et e Y }ﬁirgf “the
portion of e.driving Ve on W t i I [ E%%E

The verti caltp g?i sedi ﬁnFF%e‘?le%]loév%sl t ggbeﬁ?ﬁr’]\ngrre?terrgggeo?uﬁ:e |'nethe .
steel wire that was,galgukated,{L o eouald0n, (& cnthehani zopkabs axi s
in the drawi ng shows the cross 25sectional area calculated in G

3A; valgues ofr the GEPSSrope 19 to %0E! iseRahkal e i ALt £4 Dividited
hori zontal axis and values of the bending stress of the fine steel

wire are plaht edre8sphbedeeEd i1t@lthaXindmbE@r of ef &tanaa spar.pases;hd he
ratio dl/d2 of the outer dianmeter dl of the steel wire part
number N of schenkels 3 is reduced, the cross sectional
area is increased; when the number is four, the cross
sectional area is maximized. It is found that the bending
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 secticnal 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



50f the wire rope 1 to the schenkel dianeter d2 is indicated 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 nmaximzed. It is
found that the bending 10stress generated when the nunber of
schenkel s is four is greater than the bending stress generated when
the nunmber of schenkel is five. To assure a breaking force sufficient
for the elevator wire rope, there is a F3wer linit for the cross
sectional area. To achieve a prolonged |ife against 15bending, there

limt ob.f di t, Thi
detorm nod dEEOTIARGEETE Rl Eai A Yl 13 ap 3
used and is af fw%c t8d Ry EdifﬁétS%eroﬁf gt h&gﬂ &ﬁ@rtﬁ dhed iaecsbael

wire and by Ve ons i n“fine wire strength. Wien a materi al

20 having a fige sl selapiig;sheenaldh e 2999 bPas ol dydl rnarwonr i s

taken into con5|dérat|on needs to be set to, for exanple,

250 MPa or |e58oule t86aphoss éé&ﬂ@ﬂd RGebSigi vigedbidntg frowr areas,
area Ato area D, "according to the upper limt and lower limt. It is

found that tﬁ@u&i&%as%éslsslgnhfgrea TRushi ch {hefdendithgtshnesseasin
smal |l but the cross sectional area is insufficient, the area

B i s an ar eagiichiviiheh ci-besbeadi nghaslt raaes is hhgﬁie&mhtf&ndzméss
sectional area is insufficient, and the area Cis an area in which

al t hough t heo@rdissy séctEenakn dpeardduasgf fisckbat areded Swhdihed gheess
is high. Thus, it is found that an area in which.the cross sectional
area i s suf filsd enmbmsd ofhechenks Fy st rides ngahebeot evthatkals e thiga
D and that when the nunber of schenkels is the nunber of schenkels in
this areas, a¥Ras/ $hafi §6/i ALY & dAFSUICRLFHA2EXSRPFEATRAG i JGT1ouS

10 performance regquirements 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 dz 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



10performance requirenments for the wire rope | are satisfied.

Under the restriction conditions described above, in this enbodi nent,
when t he 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 schenkél Tayer core di aneter d3 and
t he nunber of schenkels 203. For the schenkels 3a and 3b, the strand

2 is omtted so that th eo rical relation can he easi|y_seen.
Fauation | (FENGEaSS BRa L Re R crisheeherpdr 48 L Siretbr chsEng
schenkel di L2 L1 h ight triangle formed with the center p
of the w re%;agtggen?hegc(gn llierc'ecc?reorg t he schenkel 3a, 25and the m dpoint

r of the straightylipescononectipg the - 21 - centers g apgd,s t
schenkel s 3a and (3%), V\/r%lg@ﬁ are adj acent to each other. (dggl}r E?§%3p@

sineequation (4xf p is & (thildkn€tsi S£(BnétPiskdasonOlist Be PRO] H61d 0N
4P of the inner 5l ayer resin 4)/d2 (schenkel dianeter), equation (5)
hol ds 5 layer resin 4)/d; (schenkel diameter), equation (5) holds

dz/ds = sinB/ (1 + 7) equation (5)

The following relation holds for the schenkel layer
core diameter di, the schenkel diameter d;, and the diameter
ds of the inscribed circle of the inner layer resin 4 in a

10 star shape in FIG. 1.

ds = ds + dg eguation (6)

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

0 = sinM (1L + /(1 + &}(°) equation (7)

15 where 7 is dé/dz 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, cén be obtained by using 8 {(degrees) and

20 rounding up the value of N = 180/¢ to an integer.

As described above, when the value of the ratic of the
outer diameter d; of the steel wire part of the wire rope to
the schenkel diameter d, is from 2.5 to 3.2, the ratio is

sufficient for the elevator wire rope. Therefore, when the

25 relational expression d; = 2 x dy + dy4 is used, & (= di/ds)



d2/d3 = sine!l (1 + 77)equation (5) The following relation holds for
the schenkel |ayer core diameter d3, the schenkel diameter d2, and
the diameter d4 of the inscribed circle of the inner layer resin 4 in
a l0star shape in FIG 1. d3 = d2 + d4equation (6) If d3 is

del eted by using equation (5) and equation (6) and these equations
are solved for 0, equation (7) holds. 0 =sin-1((1 + 77)/(1 +

e)l ()equation (7) 15where 77 is 45/d2_apng e is d4/d2. Thus, the
nunber N of schenkels 3 that satisfies various properties of the wire
rope 1 covered with a resin, which are the torque coefficient, cross

sectional anea, and.bendi Nty & n2Es endalober bt i ned byeushngnd
(degrees) an roundi ng up the value of N = 180/0 to an integer.

As descri bed ahayve; cuhepc1die spldre tofe thessaséerafn tdfe thit el rdi aope er
dx of the steel wire part of the wire rope to the schenkel dianeter

d2 is from Zduck@r3. Rhehhens adimmdtersdifoLitnt ihscribedetivatorofiithe
rope. Therefore, when the 25rel ational expression dl =2 x d2 + d4 is
used, ¢ (= déh@Akels 22is smaller than the schenkel diameter da, the
5 torque coefficient can be reduced, so the diameter of the
schenkel 3 and the number of schenkels 3 to be placed can
be selected within the range of 0.5 < & < 1.2. If specific
values, £ = 0.86 and n = 1.14, are assigned to equation (7),
9 becomes 37.8 degrees and the value obtained by rounding up
10 of the number of schenkels N = 180/ = 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 diz = 2 x R holds) can be.made small. If
the schenkel layer core diameter di 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 I; is set to 88 mm (outer diameter d; of the

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



is greater than 0.5 but smaller than 1.2. Due to the geonetrica
relation of the cross section of the wire rope, however, when the

di aneter d4 of the inscribed circle of the schenkels 3 is snaller
than the schenkel dianeter d2, the 5torque coefficient can be
reduced, so the dianeter of the schenkel 3 and the nunber of
schenkels 3 to be placed can be selected within the range of 0.5 < e
<1.2. If specific values, ¢c= 0.86 and ;I - 1.14, are assigned to
equation (7), O becones 37.8 degrees and3 he val ue obtai ned by
roundi ng up 10of the nunber of schenkels N = 180/0 = 4.7 to an
integer is five, indicating the nunber of schenkels to be placed is
five. I‘h‘*’%#ﬁ@gemrrgmlsfﬁ% tScA@nkoRs Goahrenisladdansr ot an
outer circunference; i npari son with a case . in which 15six or nore

schenkel s 3 %T%IBWacéﬁd é ﬁéP?c%FeﬂﬁdﬁéFwaﬁﬁtﬂﬁg P%F%Wﬂﬁgléfs?ﬁeto
henkel s 3 e di ter | be referred to as.the henkel | ayer

igre di anet e{ ﬂ |%mae éﬁaeb‘ ‘éljf%lcgltainkﬁ?e&zd‘ 2 % % A8 ds) rE:aH‘ d

made snal | 'e:%t;rt}&%r%(:h%nkg ilaiyh s(:togaexlcfjs % gr tﬁz #JZ%eLge&e w:l_reﬁ‘..he

torque 20co icient describéd a ove can Be“e8si

i ndi vi dpal  tyd st ertecggﬁc%ﬁ n‘rﬁ acﬁ.lfc%!mlf%%nccf—:grlﬁ é’“%}l@lgrl%pﬁa&ggt

has an outer rope i amet ter the wre

covered Wi thydy rsd @trﬁah@ssghsﬁée;&lédféostau%ﬁgp!at ebrédmfe%re%%fe t@.hé8 mm
(outer dianmeter dl of the 25steel” wire part of the wire ropé = 3

M), the stravhnd t23stihy sttt M tehthd hdnSAIn tv1l2. &emxﬁﬁ%&nkel
dianeter d2 = 2.9 nmm), and a fine steel wire twisting pitch L3 is set
to from the manufacturing limit in twisting. The strand
twisting pitch I, is 4.3 times as long as the schenkel
10 diameter dz, and the schenkel twisting pitch I, is 10.5
times as long as the outer diameter d; of the steel wire
part of the wire rope to reduce the torgue coefficient; the
schenkel twisting pitch IL; 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 I, becomes
88 mm. Although, in calculation, the schenkel twisting
pitch L; is 10.5 times as long as the outer diameter di of
the steel wire part of the wire rope, the schenkel twisting
20 pitch I; does not need to be fixed to 10.5 times and is
preferably 10 to 11 times to efficiently reduce the torque
coefficient.
As described above, according to this embodiment, if
the diameter d4 of the inscribed circle of a plurality of

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



7.1 mm (fine steel wire dianeter d6 = 0.89 mm). In the structure in
which the strands 2 and the fine steel wires 52a to 2g are pl aced
along circunferences in a single layer and six strands 2 are pl aced
along a circunference, the strand twisting pitch L2 is the m ni num
val ue determ ned fromthe manufacturing limt in twi sting. The strand
twisting pitch Ly is 4.3 tines as long as the schenkel 10di aneter d2,
and the schenkel twisting pitch Li is 12.5 times as long as the outer
dianeter di of the steel wire part of 't & Wire rope to reduce the
torque coefficient; the schenkel twisting pitch Li is |onger even in

[ ith t t twi sti itch L2, di t
don, | 15wher EnE DRPEPL Al Anst b U o RoCSPRRI LA YL P 3t OThG e re
is 8.3 the schenkel twi.sting aitch Li
A Though. | AGR GABET | BR. = He" ShHer e Fur SPF R o LR i IS PTGoE

times as | ong. as Lhe-outer ANl Slrliscabnkbe 5t eslad e paet of the

wre rope, the schenkel tw sting 20pitch Li does not need to be fixed

to 10.5 tinmgs and rksRESLEr aPlacdibd Qnbh bi ¥BAsiDe efdidd ant kyxekeduce
the torque coefficient. As described above, according to this

enbodi rent, dif e wdi-anebge Sdd ofnd he staseei beemcitie| @eraferaofl uhal ity
of 25twi sted schenkels 3 is snmaller than the schenkel dianmeter d2, -
24 - wire rope to the center of the schenkel can be reduced. If
the lay direction of the schenkels 3 and the lay directions
of the fine steel wires and strands are made opposite to
each other, the torque generated in the fine steel wires
10 and stands and the torgue 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
1: wire rope, 2: strand, 2a to 2g: fine steel wire, 3:
schenkel, 4: inner layer resin, 4P: projection, 5: outer

layer resin.



the schenkels 3 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 3 serves in the circunferential direction when a
tensile force is exerted 50on the wire rope and the distance fromthe
center of the wire rope to the center of the schenkel can be reduced.
If the lay direction of the schenkels 2 and the lay directions of the
fine steel wires and strands are made opposite to each other, the
torque generated in the fine steel wires 10and stands and the torque
gener at edWHAT tTe Fi@fielIs$ are generated in directions in which these
torques are nutually cancelled, so the entire torgue of the rope is
redﬂced; as gy'r eg‘ff 15 OrrotwétrienéoBFoﬁgFWEFﬁeah}ig%ht"fjhsetjé’rﬁiare wire
rope rotapRsrariaund i acentreakopxsss ohchheumtwerd ofgd Heilly reduced
and the force with which the covering resin is twisted is thereby
reduced; H¥BEG &8UIYLStaREgé B#uffﬁélgﬁv%?iﬁbr?ré‘ﬁ'n,ea\ﬁrﬂ S ROG d be

ot herw se,& athiied B kQiadking B OPEFLYic FadE be RURNRISed res,
20REFERENCE SI GNS LI ST 1: wWire rope, 2. strand, 2a to 2g: fine
steel wi rd! tegdifenied! the: wiikAer opayke ingst bl lep:wighojeearissn, Bnd
outer |ayer j . A l.evat or
Wre ropegsstL{%(%r eocf tt):?/l%t \le\sé\télﬁgabg %@&ﬁ?i% dswulbt}lwdra\er}e%&gés, each
sub- wi r e wiopes beianglifrecrednbynt whsthngha plne adtidel ofirstsr ands theach

t d bej f d AW St | it f fi. | Wi ,
isn{ 2Pi or eslbtfnrgélrhesr vr%;%reetprc%ﬁ\ge e;aﬁ ‘?i gfg%gvé?% Jgn rwélglincﬁl, S%‘re?gs §Ei'§?:§cgnof

the wre raps kaienguwderededral hitaal 8gi dhpodietel il & HaGkke®Bri BF
which the fine steel wi.res and the strands are tw sted and a

di rect i orft MRTCREhELSGHEWPE e ERBpREVEF B ¥ ¥ v i e Imstieariy e

opposi t e,raitd a disaBtier ehaanai Asshebed &f rle HfpthgePhipality of
twi sted sub-wire ropes is snaller than a dianeter of the sub-wire
r ope. 2.2 Théhd &l&VGtofi Féreoperaceefal aind dcxldianm 1. wher ei n

the sub- W& 4i0P HeS SLBL IR DY oPb ALE NEL Shay I APRY 2
circunfer encell n aesisngl e Syecr)? and tg(%e évﬁreﬁ{?{)%‘;mi goggrxrrgérgi}ds
pl aci ng fadhmngsgh-clircamfepescenina i s tugferlenoes i mnal gheghle rkayepe
3. The eleyv i .according to claiml, wherein when the
di anet er Of afto%é“e\gul%&v\ﬁig%rl% egllgeden%?’éldr%z]f%%se i grrgtlgfu{#efﬁgce
i nscri bediciar alimgle degetred d4, and a resin thickness between

adj acent sub-wWire ropes is denoted 8, if q = 6/d2 and e = _d4/d2 are
defined, c is withiSh 3VaL0¢ BELH. 5OP% ACCHALMY I Fltddyrees) is

derived fyrPsanSivhed thd &ighé{dr tof)ihe ah-the-nudher iaf ssybruire
ropes
P dz, the diameter of the inscribed circle is denoted ds, and

a resin thickness between adjacent sub-wire ropes is
denoted 8, if n = &/d; and & = d.,/d; are defined, & is within

a range of (0.5 to 1, an angle & (degrees) is derived from #

= sin™ {(1 + 7)/(1 + &}, and the number of sub-wire ropes

N is an integer obtained by rounding up the value of 180/6.
4. The elevator wire rope according to claim 1,

wherein a twisting pitch of the sub-wire ropes is 10 to 11

times as long as an outer diameter of a steel wire part of

the wire rope.



N is an integer obtained by rounding up the value of 180/0. 4,
The el evator wire rope according to claim1, wherein a twsting pitch
of the sub-wire ropes is 10 to 11 tinmes as long as an outer dianeter
of a steel wire part of the wire rope. - 26 - 5. The el evator
wire rope according to claim1, wherein the resin filling the
interior of the wire rope and the residb covering the surface of the
Wre rope are a urethane resin. 6. The elevator wire rope
according to claiml1l, wherein the resin filling the interior of the
wire rope i s an i hmerelegayon esline h@@bngcaOpdépectbomlm'sedl,to | eave a
spacing b t.he I S t he res

covering t %\Pegil}f'f%}}:e o%us %éﬁlmgr (%)RS f“rsl %louter qé er”i'eesﬁor?et REE
covers thehgltesaln tgowefr isub-ther @uropes, obetweeni i xdpd herespacing i's
| ef t bythelnner | ayer resin. 7. The elevator wire rope

accor di ng T 1 % 1 Reherein a twisting pitch of the sub-wire ropes
is 10 to 11 timesrs 4 Mgt N reutebedbamBlaingft@ st£ah mire part
of the wire rope. 8. The elevator wire rope according to claim
2, wher ei theFRl G ddtsh F9934n Ad 1dRagi Aher ivEesio¥ hef vire wigire rame tike
resin covgrifgdhe suf 3¢ 9f pbienyi & CoEOPLCE L ethane resin.

9. The elevator wire rope according to c erein the resin
filling t$‘£€a¢1mqerh€mwe(ﬁn tthe wilneatope ©§ awoiwhes tepes aresithehavi ng
aprolectlon used ta le in bt\/\eenthe Iurallty

sub-wi re TOpes and the %\é%l %ugg\%érl %5 2 Surt acd of 1 He v?nu% ‘rope is
an outer layer reesim dhaat cm\eessthbepptmaiwyof)fsmme & dphepes,

bet ween ich the spac is left bg i i.nner_|ayer resin.

The e evaTHIaRT &156 ABc SPAFAGSt OF ch o n BT Whfer UiF T LSSt g Bt oh

of the sub-wite rope d1%vdHd o whiet rBBS aecbeagn@St@rbpéJitnerz di amet er
of a steel wire part of the wire rope. 27 . The el evat or

wire rope'RROrMing e tengi mi3chwaér epe TP ri-’CquEl iffg 1t0héo 11
interior ofndhe g S ARe andLERE aﬁéﬂn@tgp\/@f'%gsééﬁ $UIeB8 rQf khe

wire rope are a urethane resin. evator wre'rope
accordi ngtiteovculaﬂ mqpe V\/nereln the resin filling the interior of the

wre rope is @n i r%ﬁ%g §¥éngcgo%oljl§c% {Hhusedz to | eave a

spaci ng bet ween t'he pei Gr al W Feé ropes” and e &din
covering WHBe:aurftamer@fsmhélwlliegr ope istanioutef drayerincesopet hat

covers t Iurallky of ,sub-wire ropes, et ween whi ch the spaC|ng i's
left by t et |§V§F1PQSF e surrace of the wire rope are

urethane resin.

9. The elevator wire rope according to claim 2,
wherein the resin filling the interior of the wire rope is
an inner layer resin having a projection used to leave a
spacing between the plurality of sub-wire ropes and the
resin covering the surface of the wire rope is an outer
layer resin that covers the plurality of sub-wire ropes,
between which the spacing is left by the inner layer resin.

10. The elevator wire rope according to claim 3,
wherein a twisting pitch of the sub-wire rope is 10 to 11
times as long as an outer diameter of a steel wire part of

the wire rope.
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11. The elevator wire rope according to claim 3,
wherein the resin filling the interior of the wire rope and
the resin covering the surface of the wire rope are a
urethane resin.

12. The elevator wire rope according to claim 3,
wherein the resin filling the interior of the wire rope is
an inner layer resin having a projection used to leave a
spacing between the plurality of sub-wire ropes and the
resin covering the surface of the wire rope is an outer
layer resin that covers the plurality of sub-wire ropes,

between which the spacing is left by the inner layer resin.



