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TITLE OF INVENTION:

WIRE ROPE FOR ELEVATOR DEVICE AND ELEVATOR DEVICE USING THE

WIRE ROPE

FIELD OF THE INVENTION
Thepreseninventiorrelatescawireropefora

device and an elevator device using the wire rope.

BACKGROUND OF THE INVENTION
Inrecentyears,tractiontypeelevatorsthatdon

a machine room have been used for the elevators for

medium-rise buildings. In a traction type elevator

flexibility in designing the layout of an elevator

beenhancedbecausetheelevatordoesnotneedama

andhencetheelevatorcanbeinstalledinanarrow

ithasbeendifficultbeforetoinstallatradition

Accordingly thetractiontypeelevatorsareprogre

when elevators are newly installed or existing elev

renewed.

Fig. 1 illustrates one example of the traction typ

elevator. Referencenumerallrepresentsacar,?

a counter weight (balance weight), 3 represents a s

connectedtoahoisting machine, 4 representsawir
and5brepresentspulleysforsuspendingthecaran

weight, respectively, 6 represents a pulley fixed t
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portion,and7representsahoistway. Oneendoft

is fixed to a top portion of the hoistway, and the
isfixed to anothertop portion of the hoistway wit
ropebeingdrawnaroundthe suspensionpulleyfort
toppulley,thesheave, the pulley,andthe suspens
forthe counterweightinthisorder. Thedifferen

the tensions generated by the car and the counter w
balanced viathewirerope withthefrictionalfo

between the wire rope and the sheave.

Awirerope foran elevatoristypically one speci
forexample,inJIS(JapaneselndustrialStandard)
wireropehasastructureinwhichapproximately6
arearrangedandtwistedaroundaropecoremadeof
fiber or a natural fiber. The strand is formed by
a plurality of steel wires. When tension is applie
wirerope, force isexertedinadirectioninwhich
wirestrandscompresstheropecore. Also,inorde
boththefrictionbetweenthesteelwiresandthew
and to form an olil film between the rope and the sh
oilhavingaviscosityoragreasyoiliscoatedon
ofthewirerope. IntheelevatorofFig.1,when
ofthewireropeisraisedtoincreaseacontactpr

surface pressure) in a contact portion between the

and the sheave, the oil of the wire rope forms an

elastohydrodynamic lubrication film in the contact
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so that the power of the hoisting machine is transm
the wire rope through the contact portion. Thisis

of a drive system that is referred to as traction d
which a car and a counter weight are driven by a mo
a wire rope, so that an elevator is raised or lower

Application of wire ropes having a small rope diam
hasbeenrecentlystudied. The diameterandwindin
asheavebecomesmallerasthediameterofawirer
smaller, by which an elevator device can be made sm
size. On the other hand, the contact area between
andthesheavebecomessmallerasthediameteroft
becomes smaller, which leads to a decrease in the p
transmission (traction) of the wire rope. The driv
(traction force) of the wire rope, generated by tra
indicatedbyaproductofthecontactpressurebetw
ropeandthesheaveandthetractioncoefficientof
film). Inordertoacquiretractionforceforasm
areajisnecessarytcenhancethecontactpressu
portion between the wire rope and the sheave or to
having a higher traction coefficient.

Herein, the tensile strength of a wire rope is fur
decreased as the diameter of the rope is smaller, w
contact pressure in the contact portion is increase
contact pressure is further increased by makingac

heavier, buttheloadtothewireropebecomeshigh
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itisnecessarytoadjustthe weightthereofincon
of a safety factor of the wire rope. In addition t
miniaturization of an elevator device, the weight s
acar,etc.,hasalsobeenstudiedfromtheviewpoi
savingandlonglife,andaccordinglythereareman
constraints for a method of enhancing the contact p
Therefore, there are needs for an oil and grease by
excellenttractioncanbeobtainedforasmallerco
Asanexampleofanelevatordeviceusingahight
rope PatentDocumentldisclosesaechniquernwh
or greasy polyisobutylene having a liquid form is u
wire rope. Patent Document 2 also discloses a high
oil and a grease using the high traction oil.
[Related Art Document]
[Patent Document]
[Patent Document 1] JP 58-176298 A
[Patent Document 2] JP 2000-8058 A
The liquid polyisobutylene contained in the grease
PatentDocument 1is excellentinatraction charac
however, wearislikelyto progress onthe contact
arope, which causes the life of the rope to be sho
thatof ageneral-purpose mineral oil-based tractio
ThegreaseofPatentDocument2isusedinaspeed

fomachinaoolnitransmissionsandusednshi

sideration
o the
aving of
ntsofenergy
ytechnical
ressure.
which
ntactarea.
raction
ichsemiliquid
sedina

traction
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teristic;
surface of
rter than
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changer

gh-temperature

regionof200 °Corhigher,and hencethetraction performance
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canbe exerted atsuch ahightemperature. Thatis ,the high

tractionperformanceofthegreasecannotbeexerte devenwhen
usedinawireropeforanelevatoroperatingata temperature
of room temperature to approximately 100 °C.

An object of the present invention is to obtain a wire
rope in which high traction and wear resistance can be both
attained and obtain an elevator device using the wi re rope.

SUMMARY OF THE INVENTION

Inordertoachievetheaforementionedobjectthe present
invention provides a wire rope for an elevator devi ce, which
is formed by twisting a plurality of strands, each of which
ismade bytwistingapluralityof copperwires,ar oundarope
coreoffibers,thewireropeincludingamixedoill containing
both a base oil containing atleast one compound re presented
byGeneralFormula(1)andaviscositymodifyingag entviscosity
modifying agent having an average molecular weight of 1,000

to 100,000 (inclusive).

General Formula (1)

T
X—R (|)—R' X

X!l n
(Wherein, n represents an integer of 0 to 4. Each of X, X'
and X"independently represents amonocyclic hydro carbonor

5
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acyclichydrocarbonhavingabridgedstructure;ea chofRand

R'independently represents adirectbondoraC 1-C sz alkylene
group;andQrepresentsahydrogenatom,aC 1-C zalkylenegroup,
oracyclichydrocarbon. EachofX, X', X",R,R" ,and Q may
independentlyhaveaC 1-C zalkylgrouporacyclichydrocarbon

in its side chain.)

Theinventionalsoprovidesanelevatordeviceusi ngthe
wireropeforanelevatordeviceaccordingtothea forementioned
invention.

Accordingtothepresentinvention,awireropein which
hightractionand wear resistance can be both attai nedandan

elevator device using the wire rope can be obtained

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisaschematicview of atractiontype elev ator,;
and

Fig. 2 is aschematic view of a cross section ofa wire

rope.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, embodiments directed to the present

invention will be described with reference to the d rawings.
Theinventionshouldnotbelimitedtotheembodime ntsdescribed
herein, and the embodiments can be appropriately co mbined or
improvedwithinascopenotchangingthegistofth einvention.

6
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Thewireropeaccordingtothepresentembodiment
by twisting a plurality of steel wire strands, each
isformedbytwistingapluralityofsteelwires,a
core made of a synthetic fiber or a natural fiber.
illustrates a schematic view of a cross section of
rope. Thewirerope 4 hasastructureinwhich app
6 or 8 strands 9 are arranged around a rope core 8
syntheticfiberoranatural fiberandthey are twi
strand 9 is made by twisting a plurality of steel w
Fig. 2 illustrates the case where a grease 11 is pr
the surface of the strand 9. The surfaces of the r
and the strands are covered with at least one of a
containingbothabaseoilandaviscositymodifyin
agreaseinwhichathickeningagentismixedinth
ortheinsidesoftheropecoreandthestrandsare
withatleastoneoftheabovemixedoilandthegr
an oil containing a base oil and a viscosity modify
isreferredto as a"mixed oil" ora"rope oil", an
oil in which a thickening agent is added to the "mi
orthe"ropeoil"isreferredtoasa”grease"”,in

invention.

ismade
of which
roundarope
Fig. 2
the wire
roximately
made of a
sted. The
ires 10.
esenton
ope core
mixed oil
gagentand
emixedoil,
impregnated
ease. Herein,
ing agent
dagreasy
xed oil"

the present

The base oil is at least one type of the compound

represented by the above General Formula (1). The
modifying agentis one having an average molecular

1,000 to 100,000 (inclusive). The grease is caused
7

viscosity
weight of

to have
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a worked penetration of 200 to 475 by blending a th
agent into the mixed oil.

InGeneral Formula (1), nrepresents aninteger of
4. EachofX,X'andX"independentlyrepresents
hydrocarbonoracyclichydrocarbonhavingabridge
each of R and R' independently represents a direct
C,-C zalkylenegroup;and Qrepresentsahydrogenatom,
alkylene group, oracyclic hydrocarbon. Eachof X
R,R'andQmayindependentlyhaveaC

hydrocarbon in its side chain.

A compound represented by General Formula (1) has

pluralityofcyclichydrocarbonssuchasacyclohex
andhasavernybulkymolecularstructure(largeste

by ahydrocarbon linkage ordirectbonding ofther
compoundhasalarge shearingresistanceandcanma
thickness of an oil film even when the surface pres
increased,therebyallowingahightractioncharact
ahighwearresistancetobeachieved. Arope oil
excellentinatractioncharacteristiccanbeprepa

the compound as a base oll.

Onthe other hand, the viscosity of the compound a
islow, and hence aviscosity modifying agenthavin
average molecular weight of 1,000 to 100,000 (inclu
addedtothebaseoil. Thereby,thebaseoilhasa

thicknessoftheoilfilmforthe contactbetweent

8
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the sheave and can reduce a damage to the rope oil
usedinawireropeforanelevatordevicetowhich
pressureisapplied,andhencetheropeoilretains
andisexcellentinasticking property. According
oilexcellentalsoinatractioncharacteristiccan

Agreasyoilmadeofahigh-viscosityoilcanbeo
by adding a thickening agent suitable for the tempe
conditionunderwhichthegreaseworks,andthegre
beusedinplaceofaropeoilorusedbybeingadd
oil.

By arranging the rope oil or the grease on a wire
(rope core and strand), awire rope can be obtained
ropehavingasufficientoilthicknessandasuffic
property for the contact between the rope and the s
an elevator device and being excellent also in a tr
characteristic. When the surfaces of the rope core
strands are covered with the rope oil orthe grease
ropecarexhibitractionperformance howeverw
of the rope core is impregnated with the oil or the
theoilissequentiallysuppliedtothesurfacesof
duringtheuseofthewirerope therebyallowingt
of the wire rope to be maintained for a long period
Whentheinsides ofthe strands are alsoimpregnate
rope oilorthe grease, more oftherope oilorthe

be held, thereby allowing the performance ofthe wi

9
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be maintained for a longer period of time.

Whentherope coreisimpregnated with the rope oi

the strandsare covered orimpregnatedwiththegre
aviscosityhigherthanthatoftheropeoil ther
ahigherflowabilitycanbeefficientlysuppliedto
thatcontactanexternaldeviceandthestrandscan
with a high sticking property, and hence it is desi
distinguishtheuseoftheropeoilandthegrease
core and the strands.

The base oil used inthe rope oil and the grease o
presentembodimentis characterized in that the bes
the base oil is made of at least one compound repre
General Formulae (2) to (7).

General Formula (2)

(Qﬁm%)ng

ni

General Formula (3)

(Qs};TO/RTO—éQ“)m

General Formula (4)
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<(25}EE{EE::::T// wmwm6(37)n7
Tod),

General Formula (5)
Q'
R4\‘/R6\'/R5
T @ (5 (e

General Formula (6)

ad” oy
5 n1iz n13
General Formula (7)
( 147014 15 n15
Wherein,eachof R 1toR sismade ofahydrocarbongroup
10 representedbyeachofGeneralFormulae(8)to(10) ,andwherein

eachof R ;'toR 1,'isindependently selected from hydrogen,
a C;-C3 alkyl group, a monocyclic cyclohexyl group, or a

cyclohexyl group having a bridged structure. Each ofn 1-n 5

11
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represents anintegerofOto9or0to 11 inaccor
the structure of a cyclic hydrocarbon, and each of
isindependentlyselectedfromaC

cyclohexyl group, or a cyclohexyl group having a br

dance with

QtoQ 15

1-C salkylgroup,amonocyclic

idged

structure. Wheneachofn iton jsisanintegerof 2 ormore,

itisindependentlyselectedforapluralityofQ

1tOQ 15- Each

ofQ 1'toQ 3'isindependently selected from a hydrogen atom,

a C;-Cj3 alkyl group, a monocyclic cyclohexyl group, or a

cyclohexyl group having a bridged structure.

General Formula (8)

General Formula (9)

Rs' Re'
| |
RO
Ry Rg

General Formula (10)

R’ Fﬁg' R4
Rg' Rip' Rq2

In the compounds represented by General Formulae

to (7), the alkyl group of each of R 1 toR
is specifically a methyl group, an ethyl group, an

group, or an i-propyl group. Each of R
12

(2)

2'andQ i1andQ 15

1'to R

n-propyl

12" IS more
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preferably hydrogen or a methyl group, and most pre ferably a

groupinwhichthe carbonatomadjacenttoacycloh exylgroup
is methylated. The compound represented by each of General
Formulae (2) to (7) may be used alone or be mixed w ith any of

the other compounds in any ratio.

Preferred examples of the compounds represented by

GeneralFormula(2)to(7)arecompoundscontaining 2to4cyclic
compounds,andspecificexamplesthereofincludebi cyclohexyl,
1,2-dicyclohexylpropane, 1,2-dicyclohexyl-2-methyl propane,
2,3-dicyclohexyl butane, 2,3-dicyclohexyl-2-methylb utane,
2,3-dicyclohexyl-2,3-dimethylbutane, 1,3-dicyclohex yl
butane, 1,3-dicyclohexyl-3-methylbutane, 2,4-dicycl ohexyl
pentane, 2,4-dicyclohexyl-2-methylpentane,

2,4-dicyclohexyl-2,4-dimethylpentane,

1,3-dicyclohexyl-2-methylbutane,

2,4-dicyclohexyl-2,3-dimethylbutane,

2,4-dicyclohexyl-2,3-dimethylpentane, 2,4,6-tricycl ohexyl-
2, 4-dimethylheptan, 2,4,6-tricyclohexyl-2-methylhe xane,
2,4,6-tricyclohexyl-2,4,6-trimethylheptane,
2,4,6,8-tetracyclohexyl-2,4,6,8-tetramethylnonane,

bicyclo[2.2.1]hept-2-ene, 2-methylenebicyclo[2.2.1] heptane,
2-methylbicyclo[2.2.1]hept-2-ene,
2-methylene-3-methylbicyclo[2.2.1]heptane,
3-methylene-2-methylbicyclo[2.2.1]heptane,

2,3-dimethylbicyclo[2.2.1]hept-2-ene,
13
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2-methylene-7-methylbicyclo[2.2.1]heptane,
3-methylene-7-methylbicyclo[2.2.1]heptane,
2,7-dimethylbicyclo[2.2.1]hept-2-ene,
2-methylene-5-methylbicyclo[2.2.1]heptane,
3-methylene-5-methylbicyclo[2.2.1]heptane,
2,5-dimethylbicyclo[2.2.1]hept-2-ene,
2-methylene-6-methylbicyclo[2.2.1]heptane,
3-methylene-6-methylbicyclo[2.2.1]heptane,
2,6-dimethylbicyclo[2.2.1]hept-2-ene,
2-methylene-1-methylbicyclo[2.2.1]heptane,
3-methylene-1-methylbicyclo[2.2.1]heptane,
1,2-dimethylbicyclo[2.2.1]hept-2-ene,
2-methylene-4-methylbicyclo[2.2.1]heptane,
3-methylene-4-methylbicyclo[2.2.1]heptane,
2,4-dimethylbicyclo[2.2.1]hept-2-ene,
2-methylene-3,7-dimethylbicyclo[2.2.1]heptane,
3-methylene-2,7-dimethylbicyclo[2.2.1]heptane,
2,3,7-trimethylbicyclo[2.2.1]hept-2-ene,
2-methylene-3,6-dimethylbicyclo[2.2.1]heptane,
3-methylene-2,6-dimethylbicyclo[2.2.1]heptane,
2-methylene-3,3-dimethylbicyclo[2.2.1]heptane,
3-methylene-2,2-dimethylbicyclo[2.2.1]heptane,
2,3,6-trimethylbicyclo[2.2.1]hept-2-ene,
2-methylene-3-ethylbicyclo[2.2.1]heptane,

3-methylene-2-ethylbicyclo[2.2.1]heptane,
14
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2-methyl-3-ethylbicyclo[2.2.1]hept-2-ene, etc.

ThecompoundrepresentedbyeachofGeneralFormul

to(7)hasamolecularstructureinwhicheplurali
hydrocarbons are contained, and has a structure in
ringsare bridgedtogetherbyadirectbondorahy
Accordingly, the steric hindrance of the molecule i
and hence the compound is hardly deformed even when
with high pressure, thereby allowing an oil film ha
sufficientthicknessforthe contactbetweenthero
sheave to be formed. On the other hand, some base
alow viscosity when used alone, and the sticking t
thecontactportionisweak,andhencewearofthe
byanoifilmshortagewhenpoweilistransmittedf
Accordingly, itis necessary to maintain the struct
oiffilminthecontactportionandtoadoptameas

the viscosity of a base oil.

A manufacturing method of the compound represented

eachofGeneralFormula(2)to(7)isnotparticula
and a publicly known or arbitrary method can be ado

Examples of the manufacturing method include, fore

method in which the compound is produced by subject

o-methylstyrene or styrene, etc., to adimerization
ordarimerizatiorreactiorandhencehydrogena
andamethodinwhichanaphthene-basedsyntheticl

oiisproduced. Thecompoundmaycontainatetram
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etc., that is produced in the manufacturing process
ismore desirable to contain adimericcompound or
compoundbecauseapolymerhavingalargemolecular
be obtained as a solid.

Ifthe blending amount of the base oilcomponenti
small,atractioncoefficientisdecreased,andif
amountistoolarge,astickingpropertytothewir
cannotbe secured. Anoptimalblendingratio ofth
iswithinarangeof40to90mass
a range of 50 to 85 mass %.

Agheviscositymodifyingagentn-paraffinjsop
(such as poly-
cyclopentadiene-basedpetroleumresin) aromatichy
and copolymers thereof, etc., can be used. A visco
modifyingagentthathasaweightaverage molecular
1,000t0100,000(inclusive)andcanbedissolvedo
intoanoilispreferred. Inparticular,polycycli
(such as cyclopentadiene) and isoparaffin (such
polyisobutylene)aremorepreferredbecausetheyar
in a traction characteristic.

A viscosity modifying agent having a larger molecu
weightgenerallyhasalargerthickeningeffectand
is increased by adding a smaller amount of the visc

modifying agent, butthe main chain of the molecule

tobecutwhenappliedwithhighcontactpressure.
16
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viscositymodifyingagentshavingalargemolecular
lesslikelytobeusedintheart. However itcan

thatthe baseoilofthe presentembodimenthasal
hindranceandhasanoifilmhavingdargethickn
adamagetothe viscosity modifying agentisreduce
oil film serving as a buffer, and hence the molecul
oftheviscositymodifyingagentcanbeincreased.
hand, the solubility of a viscosity modifying agent
largermoleculamweightisfurtherreduced,andhen
average molecular weight of the viscosity modifying
preferablywithinarange of5,000t0 50,000 (inclu
morepreferablywithinarangeof8,000to30,000(
Anoptimalblendingratiooftheropeoilisprefer
arangeof10to 60 mass

of approximately 15 to 50 mass %.

Asaresultofintensivestudyoftheviscosityof
oil to be required of a rope oil, it has been found
kinematic viscosity at 40
mrf/sormore,andmorepreferablywithinarangeof5
mri/s. Whenthe viscosity of arope oilis high, the
islesslikelytobesuppliedtothestrands,while
propertyoftheropeoilisincreased,andhenceth
thereof should be appropriately selected in accorda
the specifications of a wire rope and an elevator.

ofamethod of applying the rope oil to the wire ro

17
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methodsof:immersingtherope coreandthewirero
ropeoil;andcoatingorsprayingtheropeoilonto
theropeoilcanbesupplieddirectlytothewirer

temperature as a maintenance oil for the elevator r

peintothe
them. Also,
opeatnormal

ope.

Any thickening agent can be used without being

particularly limited, as far as it can make the rop

semi-solid or solidified. Examples of the thickeni

include: mineral oil-based waxes (micro wax, paraff

etc.); synthetic hydrocarbonwaxes (synthesized fro

gas of coal by the Fischer-Tropsch process); polyme

derivedfromanolefin(polyethylenewax,

derivedfromafattyacid(amidewax,ketonewax);

(montanic acid wax); animal waxes (beeswax, whale w

plant-derivedwaxes (carnaubawax, hollowwax);and
Thetypeandblendingratioofthesewaxesshouldb
inconsiderationofaninfluenceonatractioncoef
astickingpropertytothewirerope. Anoptimalb

of a wax is preferably within a range of 5 to 25 ma

more preferably within a range of 10 to 20 mass

oil. Because an olilis likely to be solidified by
amounbiawaxhavingahighemeltingpoint i
to use awax having a melting point within a range

110 °C(inclusive)inconsiderationofaninfluenceona

coefficient and easy manufacture of a grease. It i

desirable for the grease to have a worked penetrati

18
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to 475 and a dropping point of 30 to 110
oftheworkabilityandlongtermadherabilitytoth

Thegrease using thethickeningagenthasaproper
whichitisliquefiedwhenheated and solidified wh
Examples of a method of applying the grease, which
meltedbyheat,tothewireropeinclude methodsof
the rope core, the steel wire strands and the wire
the grease; and coating or spraying the grease onto
similarly to the rope oil. Alternatively, the wire
beimpregnatedandcoatedwiththegreasebymeltin
wireropeismanufactured,thegreasewithheatin
the rope core and the steel wire strands are twiste
port).

Anadditive canbe addedtothe aforementioned rop
and grease in order to impart the functions such as
prevention,oxidationprevention,andwearinhibiti
as a traction coefficient is not decreased. Exampl
rust-prevention agent include, for example, metal s
sulfonicacidcompoundsandamines. Examplesofan
include, for

example: phenolic antioxidants such

2,4,6-tri-tert-butylphenol; amine antioxidants such
alkylateddiphenylamine;andorganicsulfurantioxi
aszincdialkyldithiophosphate. Examplesofawear

include, for example, fine graphite, molybdenum dis

tetrafluoroethylene powder, etc.

19

°C in consideration

ewirerope.
tyin
encooled.
has been
:immersing
rope into
them,
rope can
g,whenthe
aportwhere

d (voice

eoll
rust
on,asfar
esof a
alts of
antioxidant
as
as
dantssuch
inhibitor

ulfide,



10

15

20

25

In the wire rope according to the present embodime
madeoftheaforementionedcomponents,powercanbe
andadirectcontactwiththesheavecanbeprevent
ropeoilandthegreasebeinginterposedbetweenth
andthesheave. Inaddition theelevatordevicec
reducedinsizeandtheropecanbefurtherreduced
incomparison with traditional elevator devices, be
wire rope has a higher traction coefficient.

Example

Hereinafter,thepresentinventionwillbespecifi
describedwithreferencetoExamplesandComparativ
buttheinvention should notbe limited thereto. A
evaluating a rope oil and a grease will be describe

(1)MeasurementofKinematicViscosity,Consistenc
Dropping Point

The kinematic viscosity (at 40, 100
measured according to JIS K 2283. The consistency
penetration) and dropping point of a grease were me
accordingtoJISK2220. Aviscosityindexwaseva
the kinematic viscosity values at40
accordingtoJISK2288. Aviscositygradewaseva
the kinematic viscosity value at 40
tolSO(InternationalOrganizationforStandardizat

(2) Measurement of Traction Coefficient

A traction coefficient was measured by using a
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ball-on-disk test apparatus. The test apparatus ha s a

mechanisminwhichaballandadiskbothrotatean daslipping
velocity and a rolling velocity can be changed arbi trarily.
The measurementwas performed under the conditions described
adollowsioad30N(Hertzsurfacepressure 0.8 2GPa)yolling
velocity:500mm/s,temperature: 30 °C,andslippingvelocity:
0to1000mm/s. Tractioncoefficientsweremeasure dbychanging
the slipping velocity, and the maximum of the trac tion
coefficients ( Mmax) Was set to be the traction coefficient of
a sample.

High-carbon chromium material for bearing steel (S uJ2
steel)ofJISG4805:2008wasusedasthematerial forarotating
body.

(3) Falex Wear Test

Anextremepressuretestforanoilwasperformed byusing
a Falex friction wear test apparatus with reference to ASTM
(American Society for Testing and Materials)-D2670. In a
sample,nickel-chromiumsteel(SAE3135)wasuseda samaterial
forcarbonsteel(journalpin( $6.35mm) andsulfurfreecutting
steel (AISI 1137) as a material for a V block. The sample
immersed in an oil was tested under conditions in w hich the
velocity and the load were fixed (rotation speed: 2 90 min 1,

temperature: 70 °C, break-in operation: 89 N, 5 min, actual
measurement: 445 N, 3h). A wear amount was determi ned by

calculationinwhichthe weardepth ofthe pinand thatofthe
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block, which were measured from the changes in the scale of
theratchetinaloadapplyingmechanism,weresumm edtogether.

(4) Measurement of Gel Filtration Chromatography

The weight average molecular weights of the viscos ity
modifyingagent,etc.,weremeasuredbyusingagel filtration
chromatography (GPC) apparatus (solvent: tetrahydro furan,

polystyrene standards).

(Reference Example 1)

After 5 kg of a-methylstyrene and 100 g of 12-tungstic
acid as a catalyst were put into a 10-L (hereinafte r, liter
isdenotedas"L")glassreactor,theywere heated to50 °Cand
stirred for 1 hourto be reacted together, and then theywere

cooledina20 °Cwaterbathtofilterthesolidcatalyst. This

filtratewasputintoa200-Lautoclave andLl00kg oftyclohexane,
500gphydrogenationcatalystssupportedoyarac tivatedcarbon
supportcontainingPd(5mass %Pdsupport) (hereinafter,this

catalyst is denoted as "Pd/C hydrogenation catalyst ") were
further put therein. After the autoclave was seale dup, a
hydrogenation reaction was performed at hydrogen pr essure of

60kg/cm ?(G)and180  °Cfor8hours, andthentheywere cooled

to room temperature to filter the catalyst.

Ithasbeenfoundfromtheanalysisottheobtaine dproduct
with GPC that 48.2 mass % of a dimeric component
(2,4-dicyclohexyl-2-methylpentane: base oil 1), 32. 3 mass %
of a trimeric component

22
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(2,4,6-tricyclohexyl-2,4-dimethylheptan:baseoil2

mass% of a tetrameric component (base oil 3) were produc ed.

Afteramonomer(cyclohexane)andlightcomponents were
distilledofoytreatingthewholereactionliquid witharotary
evaporatoreachcomponentwassolatedoywacuund istillation.
(Reference Example 2)

After 1000 g of o-methylstyrene dimer, 5000 g of
cyclohexane,and 10gof Pd/Chydrogenation catalys twere put
into a 10-L autoclave equipped with a stirrer, the autoclave
was sealed. Theywere stirred atroomtemperature (25 °C)for
18 hours while the pressure in the autoclave were b eing

maintainedat0.1MPawithhydrogen. Thereafter.t
wasopenedsuchthathePd/Chydrogenationcatalys

and then the cyclohexane was distilled off to obtai
of2-methyl-2,4-diphenylpentane. Subsequently,100
2-methyl-2,4-diphenylpentane and 100 g of AICI

a 10-L three-necked reactor equipped with a calcium
tube, a cooling tube, and adropping funnel. After
diisobutylene were dropped from the dropping funnel

minuteswvhilethereactiommixturewasbeingstirre

),and9.7

heautoclave
twadiltered,
n1l125g
Ogofthe
swereputinto
chloride
20009 of
over 30

dthemixture

washeatedto60 °Candstirredatthetemperaturefor3hours.

3000 g of distilled water were dropped over 30 minu
thereactorwasbeingcooledinanice bath, sotha
was degraded. Thereafter, an organic layer was sep

leavingthereactoratrestandthenbyperforming
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reactionwiththe use ofanhydrous Na 2SQ;, 3000 g ofamixture
containing an alkylated product of the

2-methyl-2,4-diphenylpentane and a polymer of the

diisobutylenewereobtained. Afterthewholereact ionliquid,
30000 g of cyclohexane, and 300 g of N-113 nickel-b ased
hydrogenationcatalystwerepuintcanautoclave, theautoclave
was sealed, and a nuclear hydrogenation reaction wa s then
performed at hydrogen pressure of 6.1 MPa and a tem perature
of 200 °Cfor2hours, and after the autoclave was cooled, the
catalyst was filtered and the cyclohexane was disti lled off.
The reaction liquid was distilled by vacuum distill ation at
2mm Hg and atemperature of 165 to 180 °C to obtain 1600 g of

a fraction of distillation (hydrogenated compound o f the
alkylated product of 2-methyl-2,4-diphenylpentane: base oil
4).

(Reference Example 3)

Intoa2-L stainlessautoclave,561gofcrotonald ehyde
and352gofdicyclopentadienewere put,andtheyw erereacted
togetherbystirringat170 °Cfor3hours. Afterthereaction
solutionwas cooledtoroomtemperature, 18 gof Ra ney nickel
catalyst was added to perform a hydrogenation react ion at
hydrogenpressureof9kg/cm 2(G)and150  °Cfor4hours. After
the reaction solution was cooled, the catalyst was filtered,
andhefiltratewassubjectedtovacuumdistillati omatl05 °C/20

mm Hg to obtain 500 g of a fraction of distillation
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Subsequently, 20 g of
dehydrationreactionwasperformedatreactiontemp
285°C to obtain 450 g of a product. Further, 8 g of bo
trifluoride-diethylethercomplexand400gofthe
reaction product were put into a 1-L four-necked fl
adimerizationreactionwasthenperformedat20
while the reaction mixture was being stirred. Afte
reactionmixturewascleanedwithadiluteNaOHaqu
andsaturatedsaline,12gofnickel/diatomearthc
addedto a 1-L autoclave to perform a hydrogenation
athydrogenpressureof30kg/cm
of 250 °C for a reaction time of 6 hours. After the reacti
wascompleted,thecatalystwasremovedbyfiltrati
200gofamixture oftargetdimerichydrides (base
obtained by subjecting the filtrate to vacuum disti

Thebaseoitwasobtainedasamixtureofgplur
The main component of the base oil 4 was base oil A
B, base oil C and base oil D. The total content of
oil A and the base oil B was 20 mass %, and the tot
ofthebaseoilCandthebaseoilDwas60mass%.
of the base oil A-D were as follows:
base oil A:
exo-2-methyl-exo-3-methyl-endo-2-[(endo-3-methylbic
2.1]hept-exo-2-yl)methyl]bicyclo[2.2.1] heptane
base oil B:

25
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exo-2-methyl-exo-3-methyl-endo-2-[(endo-2-methylbic
2.1]hept-exo-3-yl)methyl]bicyclo[2.2.1] heptane

base oil C:
endo-2-methyl-exo-3-methyl-exo-2-[(ex0-3-methylbicy
.1]hept-exo-2-yl)methyl]bicyclo[2.2.1]heptane

base oil D:
endo-2-methyl-exo-3-methyl-exo-2-[(exo-2-methylbicy
.1]hept-exo-3-yl)methyl]bicyclo[2.2.1]heptane
(Examples 1 to 7)

Rope oils were prepared from the base oils 1 to 5
bicyclohexyl (base oil 6) by adding solid polyisobu
(weightaveragemoleculamweight9,000)asaviscos
agentto each of them. The compositions and measur
ofsomephysicalpropertiesoftheropeoilsaresh
1. Each of them exhibits an excellent traction coe
and accordingly an excellent performance as a rope
viscosityofeachoftheropeoilscanbearbitrari
by changing the molecular weight and addition amoun
viscosity modifying agent.

In Example 7, arope oilwas prepared by using the
oil 1 and as a viscosity modifying agent a styrene

(styrene-ethylene copolymer, styrene copolymerizati

yclo[2.

clo[2.2

clo[2.2

and
tylene
itymodifying

edvalues
owninTable
fficient
oil. The
lyadjusted

t of the

base
elastomer

on ratio

=approximately70 %, weightaveragemolecularweight80,000),

the compositionandthe physical properties of whic

showninTablel. Evenwhenaviscositymodifying
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a different molecular structure was used, a high tr action

characteristic was maintained.
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[Table 1]

Example Example Example Example Example Example Example
1 2 3 4 5 6 7
Base oil 1 90 50 40 50 90
mass% mass% mass% mass% mass%
) 40
Base oil 2 mass%
) 30
Base oil 3 mass%
Composition Base oil 4 40 0
of rope oil mass%
) 90
Base oil 5 mass%
) 85
Base oil 6 mass%
viscosit ol is?)(t))ltlﬁ lene 10 10 10 10 10 15
mo difyin)é P (|\)§|W:9 O%)O) mass% mass% mass% mass% mass% mass%
agent Styrene elastomer 10
(Mw=80,000) mass%
ISO viscosity grade
Measured (ISO 3448) VG 100 VG 100 VG 100 VG 100 VG 100 VG 100 VG 100
value Traction coefficient 0.13 0.13 0.12 0.13 0.12 0.1 0.11

(30°C)
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(Comparative Example 1)
InordertocomparewiththeropeoilsusedinExa
apolyisobuteneoil (weightaverage molecularweigh
used.
(Example 8)
The measured values of the physical properties of
rope oil of Example 1, the base oil 1 of Reference
and the polyisobutene oil of Comparative Example 1
inTable2. Herein,anoilcorrespondingtothe VG
ISO viscosity grade (ISO 3448) was selected for eac
ropeoilofExample 1andthepolyisobuteneoil of
Example 1. Each oil exhibited a high traction coef
however, in the results of the Falex wear test, as
with Example 1, the oil of Reference Example 1 burn
accordingly the operation of the device was stopped
wearamouninComparativeExamplelwastwoormor
Althoughthe oil of Reference Example 1isthe bas
ofExamplel,itisassumedthattheviscosityoft
is low, and hence the sticking property to the inte
a sample is low, thereby burning occurred due to an
shortage. Accordingly, it is essential to increase
viscosity of an oilin orderto stably and firmly m
oil film for surface pressure. On the other hand,
amountinthepolyisobuteneoilofComparativeExam

large in spite of having a viscosity. A polyisobut
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exhibits a sticking property to an interface, but i t can be
consideredhathethicknessothepolyisobutene oiissmaller
than that in Example 1. Accordingly, the oil film was more
likelytdbecutandhewearamountbecamdargeu nderacondition
in which surface pressure was high.

From the above results, rope oils using the base o ils
shown in Examples exhibit an excellent performance in terms

of high traction and wear resistance.

[Table 2]
Example 1 Reference Example 1{Comparative Example 1
(Rope oil) (Base oil 1) (Polyisobutene oil)
Kinematic viscosity (40°C) 92.3mm?%/s 19.8mm?/s 105.1mm*/s
Kinematic viscosity (100°C) 12.4mm?/s 3.7mm%/s 10.6mm?%/s
e i "
PO o VG100 VG22 VG100
v 0.13 0.13 0.11
(Fal\é\f ?:a\sﬂf:d;r(‘rq 173 (Sfck?:jrrrr\?r?g)e 438
(Examples 9 to 15, Comparative Example 2)
Greaseswereproducedbyaddingthickeningagents (wax)
to the blends of the rope oils shown in Examples 1, 5,and 6.
Thecompositionsandmeasuredvaluesofthephysica lproperties
ofthe greases are shownin Table 3. The greasewa sprepared
bymixingacertainamountofparaffinwax(melting point69  °C),

micro wax (melting point 88

30

°C), synthetic hydrocarbon wax




(meltingpoint102 °C),polyethylenewax(meltingpoint110 °C),
amide wax (meltingpoint 143 °C) ormontanic acid wax (melting

point 100 °C) with the rope oil.

In Comparative Example 2, a red rope grease, which 5
awireropegreaseforatypicalelevator,wasused . Thegrease
in each of Examples 9 to 15 exhibited a traction co efficient
more excellentthan thatin Comparative Example 2, and hence
exhibitedanexcellentperformanceasawireropeg rease. The
viscosityoftheropeoilcanbearbitrarilyadjust edobychanging
the molecular weight and addition amount of the vis cosity

modifying agent.
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[Table 3]

Example Example Example Example Example Example | Example CoEn;Z;raltéve
9 10 1 12 13 14 15 A P
Base oil 1 81 81 86 86 87 83
mass% mass% mass% mass% mass% mass%
. 81
Base oil 5 mass%
rxlc?((j:l?;% ponis%ck;Ilﬁylene 9 9 9 9 9 9 9
~ mass% mass% mass% mass% mass% mass% mass%
agent (Mw=9,000)
Composition Paraffin 10
of wax mass%
grease Micro 10
wax mass%
Synthetic 5
Thickening Hydrvt\)lgirbon mass%
agent
Polyethylene 5
wax mass%
Amide 4
wax mass%
Montanic 8
acid wax mass%
Consistency
(Worked penetration) 350 310 290 280 290 210 290 370
Mflﬁfd Dropping point 47°C 57°C 80°C 87°C 98°C 82°C 55°C 72°C
Traction coefficient 0.11 0.12 0.12 0.11 0.11 0.11 0.12 0.05

(30°C)
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Awirerope, inwhichthe rope oiland the grease
in each of the aforementioned Examples are arranged
used in the elevator device illustrated in Fig. 1.
of the wire rope is fixed to a top portion of the h
andtheotherendisfixedtoanothertopportiono
with the wire rope being drawn around the suspensio
for the car, the pulley fixed to a top portion, the
connected to the hoisting machine, the pulley fixed
portion, and the suspension pulley connected to the
weightinthisorder. Thisisatractiontypeelev
having a mechanism in which: the wire rope is drive
sheave bythe hoistingmachinerotating; andthent
weightandthecararedriven. Becausethewirero
a performance in which high traction and wear resis
bothattained theelevatordevicehasanexcellent
particularly for a decrease in traction associated
reductioninthe diameter ofthe wire rope and for
in the life of the wire rope due to wear.

Functionssuchaguspreventionpxidatiorprev
and wear inhibition, can be further imparted by add
additivewithinarangewherethetractioncoeffici
rope oil and the grease are not affected, and hence
performances,suchasminiaturizationandlessmain
thedevice,canbesatisfied. Asdescribedabove,

provedthatawirerope foranelevator device, in
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traction and wear resistance can be both attained,
elevatordevice usingthe wire rope canbe obtained

to the present invention. The aforementioned Examp
been specifically described in order to help unders
invention andtheinventionshouldnotbelimited

with all the described configurations. For example
possibletoreplacepartoftheconfigurationofce

with the configuration of another Example, or also
toaddtheconfigurationofcertainExampletothe
ofanother Example. Further,itispossiblethatp
configurationofeachExampleisdeleted,replaced

configuration, or added with another configuration.

DESCRIPTION OF THE REFERENCE NUMERALS
1: Car
2: Counter Weight (Balance Weight)
3: Sheave connected to Hoisting Machine
4: Wire Rope

5a: Suspension Pulley for suspending Car

5b: Suspension Pulley for suspending Counter Weigh

6: Pulley Fixed to Top Portion
7: Hoistway

8: Rope Core

9: Strand

10: Steel Wire
34
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11: Grease (Surface of Steel Wire)
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WHAT IS CLAIMED IS:
1. Awireropeforanelevatordevice,whichisfo
by twisting a plurality of strands, each of which i
twistinggpluralityofsteelwiresaroundarope
the wire rope comprising:
amixedoilcontainingbothabaseoilcontaining
onecompoundrepresentedbyGeneralFormula(1)and
modifying agent having an average molecular weight
to 100,000:

General Formula (1)

T
X—R (|3—R' X
Xu n

(Wherein, nrepresents an integer of 0 to 4. Each
and X" independently represents a monocyclic hydro
acyclichydrocarbonhavingabridgedstructure;ea
R'independently represents adirectbondoraC
group;andQrepresentsahydrogenatom,aC

oracyclichydrocarbon. Eachof X, X', X", R, R’

rmed
s made by

coreoffibers,

atleast
aviscosity

of 1,000

of X, X',
carbonor
chofRand

1-C sz alkylene

1-C zalkylenegroup,

and Q may

independentlyhaveaC 1-C zalkylgrouporacyclichydrocarbon

in its side chain.)

2. Thewireropeforanelevatordevice according

claimlcomprisingagreasehavingaworkedpenetra

36
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to475,inwhichathickeningagentismixedinthe
3. Thewireropeforanelevatordevice according
claim 1 or claim 2, wherein
thebaseniisaleasbnecompoundepresented
Formulae (2) to (7):
General Formula (2)

ot ),

General Formula (3)

(Qs};TO/RTO—éQ“)m

General Formula (4)

Qy
szé/ R3
(Q5)56/ —QQT)nT
o),

General Formula (5)

37
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General Formula (6)

b e,

2

General Formula (7)

4

15 15

General Formula (8)

General Formula (9)
R3s' Rg'
l ]
RN
R4 Rg'

10 General Formula (10)
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(Wherein, each of R 1 to R 7 is made of a hydrocarbon group
representedbyeachofGeneralFormulae(8)to(10) ,andwherein
eachof R ;'toR 1»'isindependently selected from hydrogen,

a C;-Cj3 alkyl group, a monocyclic cyclohexyl group, or a

cyclohexyl group having a bridged structure. Each ofn 1-n 5
represents anintegerofOto9or0Oto11inaccor dance with
the structure of a cyclic hydrocarbon, and each of QtoQ 15
isindependentlyselectedfromaC 1-C zalkylgroup,amonocyclic
cyclohexyl group, or a cyclohexyl group having a br idged
structure,andwheneachofn iton sisanintegerof2ormore,
itisindependentlyselectedforapluralityofQ 1toQ 15. Each

ofQ 1'toQ 3'isindependently selected from a hydrogen atom,
a C1-C3 alkyl group, a monocyclic cyclohexyl group, or a

cyclohexyl group having a bridged structure.)

4, Thewireropeforanelevatordevice according to

claim 1 or claim 2, wherein

theropecoreincludeghemixedoibndhestran dncludes
the grease.
5. Thewireropeforanelevatordevice according to

claim 1 or claim 2, wherein
the viscosity modifying agent is made of n-paraffi n,

isoparaffin, polycyclic naphthene, or aromatic hydr ocarbon,
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and the viscosity modifying agent is contained in a

of 1 to 40 mass % of the base oil.

6. Thewireropeforanelevatordevice according
claim 2, wherein

the thickening agent is made of a mineral oil-base
hydrocarbon wax or a synthetic hydrocarbon wax, and
thickening agent is contained in an amount of 1 to
of the mixed oil, and a dropping point of the greas

to 110 °C.

7. A traction type elevator device comprising:
the wire rope of claim 1 or claim 2;

a hoisting machine that hoists the wire rope;

a counter weight connected to the wire rope; and

a car that is driven when the wire rope is hoisted

40

n amount

to

the

20 mass %

eis30 °C



