;[\]"e3e”L6 T" ' Vi 1 RECI PROCATI NGLY MOVABLE BCODY DRI VE MECHANI SM AND
ELEVATOR APPARATUS | NCORPCORATI NG SAME 5 TECHNI CAL FI ELD The present

invention rela mmumﬂmmmgam smfor reciprocatingly driving a

reci procati nglm and el evat or apparatus conprising a nechani sm
for reciprocatingly-18-driving a cage which is reciprocatingly nmovably

di sposed in a path of reciprocating noyenent . BACKGROUND ART For use in

such eI evator appar at us a Ilft dr| ve mechanismis al ready known which
4, a plurality of ropes 3 reeved around a

pI ur aI | ty o“wmmmmmmuﬂkch as a tractl on_sheave 9 rotatingly driven by a
drive notor tion charﬁf’% FdRBAGEN 4, 43 attached to a cage 1
and a counterwetighto*2, and having fi xed opposite ends 31, 32 for noving the
cage 1 and the counterweight 2 20 upward or downward in opposite directions
to each other. Wth the el evator apparatus described, the cage 1,
count er weREHE PROGARINGIfY MOVIARSEnBORINPBAVE MECHANRESM AN BIFWPEPR n a |ift
path 10, the cage 1 is guided by guide rails 14, 14 for upward or downward
novement ,ARPRRATIES INCORPORATING SAME
5
TECHNICAL FIELD
The present invention relates to a mechanism for
reciprocatingly driving a reciprocatingly movable body, and
elevator apparatus comprising a mechanism for reciprocatingly
10 driving a cage which is reciprocatingly movably disposed in a
path of reciprocating movement.
BACKGROUND ART
For use in such elevator apparatus, a lift drive
mechanism is already known which comprises, as shown in FIG.
15 24, a plurality of ropes 3 reeved around a plurality of
sheaves, such as a traction sheave 9 rotatingly driven by a
drive motor 91 and direction changing sheaves 4, 43 attached
to a cage 1 and a counterweight 2, and having fixed opposite
ends 31, 32 for moving the cage 1 and the counterweight 2
20 upward or downward in opposite directions to each other.
With the elevator apparatus described, the cage 1,
counterweight 2 and lift drive mechanism described are

arranged in a lift path 10, the cage 1 is guided by guide

rails 14, 14 for upward or downward movement, and the



counterweight 2 is guided by guide rails 15, 15 for upward or downward
novenent as shown in FIG 25. The drive notor 91 has connected thereto an
unillustrated control circuit for controlling the upward and downward
novenent of the cage 1 5 and stopping of a cage door 11 at a position
coinciding wth a floor door 12. Wth the conventional el evator apparatus
shown in FIGS. 24 and 25, the rope 3 rQeved around the traction sheave 9
must nmove with the rotation of the sheave 9 without slipping 10 relative to
the sheave 9 while the traction sheave 9 is being rotated by the drive
nmotor 91 to nove the cage 1 upward or downward, For this_reason, the prior
art has e?u%%’fﬁré’fee]c&ﬁ:r %I]egrré’uslﬁi@ﬁ RY gPEercEREYSi B r el g URRLkioght of
the cage 1. 15 To render the rope 3 of the conventional el evator apparatus

reeved ar MRV RYVRIGION ash SRR 1pr EEGof 28t i Plicn@hive: FOteds@lwhere t he
rope 3 is subjected to tension T1 on the slack side thereof and to tension

T2 on t hehagmemwmetesd dhanediceah anidhvahrphed| nwol tdierquatfasnshi p 20
of Mat hematical Expression 1 (Eytelwein) needs to be satisfied, assum ng
t hat t he coeffélliiert tWie fupwetridomndetinwanattiemdveamenonoShee eayearid t he rope
3 is aand that the angle of the rope 3 reeved around the sheave 9 is 8.
( Mat hémat amdi| s toguriessiodh al kage3dd2kT11l ateappesi i Guppmisec idiend eviithon T1 on
the slack side is due to the weight of the cage 1. Wien a snall nunber of
passengers filaor door 12.
With the conventional elevator apparatus shown in FIGS.
24 and 235, the rope 3 reeved around the traction sheave 9
must move with the rotation of the sheave 9 without slipping
10 relative to the sheave 9 while the traction sheave 9 is being
rotated by the drive motor 91 to move the cage 1 upward or
downward. For this reason, the prior art has encountered
problems such as difficulty in reducing the weight of the
cage 1.
15 To render the rope 3 of the conventional elevator
apparatus reeved around the traction sheave 9 free of
slipping in the case where the rope 3 is subjected to tension
Tl on the slack side thereof and to tension T2 on the
tensioned side thereof as shown in FIG. 26, the relationship
20 of Mathematical Expression 1 (Eytelwein) needs to be
satisfied, assuming that the coefficient of friction between
the traction sheave 9 and the rope 3 is p and that the angle

of the rope 3 reeved around the sheave 9 is 6.

(Mathematical Expression 1)



in the cage 1, the tension Tl is small, and the rope 3 is 5 likely to slip,
failing to satisfy the relationship of Mthenmatical Expression 1. For
exanpl e, suppose the cage 1 itself has weight of 1500 Kg, the | oading
capacity of the cage is 1000 Kg, and the wei ght of the counterweight 2 is
the weight of the cage 1 plus 50% of the |oading capacity. The 10 left side
menber of Expression 1 has the follomﬁgg val ues when the weight of load is
zero and when the cage is fully | oaded:” (Mthematical Expressions 2) T2/ Tl
= 2000/ 1500 = 1.33 15 T2/ T1 = 2500/2000 = 1.25 If the weight of the cage 1
itself is then reduced to 1000 Kg, the values of Mathematical Expressions 2
are as foll owst2/{Math&® He8) Expressions 3) 20 T2/ T1 = 1500/ 1000 = 1.5

T2/ T1 = 2000/ 1500 = 1.33 Thus, a change in the weight of the cage itself or
in the wei ght BIPRGRI tdreediempipar TésophEhgasbechfside 1efdussitie thenber
(T2/T1) of Expression 1 to be satisfied. This value 4 increases

especi al Iwelghth of rdductaigen li.n Then wei gl bfnunie ofe PRssgnyieng BEse to the
problemthat the cage 1 cannot be reduced in weight. It is therefore
convent i oiral tlpr aztgecd ,t dhat teaksianwBilght Smabli hendages lrope & isot to
permt the rope 3 to slip even when the cage carries a small nunber of
passerigerkikdly o slip, failing to satisfy the relationship of

Mathematical Expression 1. For example, suppose the cage 1

itself has weight of 1500 Kg, the loading capacity of the

cage is 1000 Kg, and the weight of the counterweight 2 is the

weight of the cage 1 plus 50% of the loading capacity. The
10 left side member of Expression 1 has the following values

when the weight of load is zero and when the cage is fully

loaded.

(Mathematical Expressions 2)

T2/T1

2000/1500 1.33

i
]

15 T2/T1 1.25

2500/2000

If the weight of the cage 1 itself is then reduced to
1000 Kg, the values of Mathematical Expressions 2 are as
follows.
(Mathematical Expressions 3)
20 T2/T1

1500/1000 1.5

1.33

i
il

T2/T1 2000/1500
Thus, a change in the weight of the cage itself or in

the weight of load greatly varies the value of the left side

member (T2/T1) of Expression 1 to be satisfied. This value



gi ves increased weight to the cage 1 itself. The increase in the weight of
the cage 1 itself gives rise to the problemof naking the lift drive
mechani sm | arge-si zed and heavier. 10 Furthernore, the drive notor 91
serving as the power source for the |ift drive nechanismis given an

i ncreased capacity, consequently resulting in increased power consunption
and al so entailing the probl em of neceﬁsitating space for the installation
of the drive notor 91 which becones greater in 15 size. An object of the
present invention is to overcone all the foregoing problens by providing a
drive nmechani sm capabl e ,of reclerocatin ly driving a cage or |ike novable
body wit WRr{ASSTy esmPEcirddyi Wi Qhéa%d‘gﬂgl% Bt Vg gredifarcd d8e20 of the
novel reciprocating drive type having the drive mechani smincorporated

t herei n. BECLIGSRYiOD THEel NVENFEORr Théehr bRkt theeaite on Frentd®s a

reci procatingly novabl e body drive mechani sm which conprises a tension
menber i rredieced 5.0f pledgbtt-a rope or belt for reciprocatingly driving a
reci procatingly novabl e body, and a drive device for driving the tension
menber | ongit udi na [bhetredogef cohivept porsli prpct spedid isdtt ackgiaomwedfyhtthe
tensi on nenber sideways in contact 5 with the tension nenber. The drive
devi cé priesseas aasfe di gt asegbaontof peheit etise aroprenbero isliigorvest W th the
straight region. Alternatively, the drive device is in contact with a

ci rcul ar -wHen e @agel dakteieenai enalEnhenbes ¢Leyeskaigenyl aThbsave for

pressing the circular-arc region against the
gives increased weight to the cage 1 itself. The increase in
the weight of the cage 1 itself gives rise to the problem of
making the lift drive mechanism large-sized and heavier.

10 Furthermore, the drive motor 91 serving as the power source
for the lift drive mechanism is given an increased capacity,
consequently resulting in increased power consumption and
also entailing the problem of necessitating space for the
installation of the drive motor 91 which becomes greater in

15 size.

An object of the present invention is to overcome all
the foregoing problems by providing a drive mechanism capable
of reciprocatingly driving a cage or like movable body
without using any traction sheave and an elevator apparatus

20 of the novel reciprocating drive type having the drive
mechanism incorporated therein.

DISCLOSURE OF THE INVENTION

The present invention provides a reciprocatingly movable

body drive mechanism which comprises a tension member in the



10 sheave. Wth the drive nechanism the drive device drives the tension
menber by frictional contact therewith to thereby reciprocatingly drive the
novabl e body. For exanple, the drive device can be provided by a belt
transm ssi on di sposed al ongsi de the tension nmenber and 15 revolvingly
novabl e al ong a tensi on nmenber extension route, a pressing nechanismfor
pressing a belt surface of the belt transm ssion into contact with the
tensi on nenber, and a drive notor for driving the belt transm ssion. The
present invention provides an el evator apparatus 20 which conprises a

reciprocg%in | y. novabl e bogy reci procatingly povably provided in a path of
reci proc C?‘H‘g %D\?eﬁé’rﬁ’te °&n e&tngegaﬁfag?w??%?%f’e%g o%’%ft‘f’ﬁbq V¥ driving the
body. The reciprocatingly driving mechani_sm conpri ses, a sheave di sposed at
a predet A IRIPIANIAILYaOFARLEnPRENDRNE N2 dBL YL EIGR dfoTa P dr bel t
and extending along a path around the sheave, and a drive device for
driving tHee ttansiion member lenga§ugéenahiyt Heeesrf byl @ ReFsigdaaspeci fi ed
| ongi tudi nal region of the tension nenber sideways. The term5
"reci proczrdgidiiedmegiilon bddyhentansian cagmbéravs idpwa Y sisempatacdnpar t nent
or cargo conpartnent, and refers to a concept superior to that of a
count ér weriglt tie densionempaberof The dEige JdEV deepmessessaoRtnenpet”
refers to a concept superior to that of one or a plurality of ropes or
belts. 1Qeksrn erfmtheeticpsdoat megbapvineodtitadc|widds tthe esinariedat i ng
novenent in a vertical direction, horizontal direction, oblique direction
or directigyicsl.onglaebrativel gurstesl dilvke device is in contact with a
circular-arc region of the tension member as reeved around a
sheave for pressing the circular-arc region against the
10 sheave. With the drive mechanism, the drive device drives
the tension member by frictional contact therewith to thereby
reciprocatingly drive the movable body.
For example, the drive device can be provided by a belt
transmission disposed alongside the tension member and
15 revolvingly movable along a tension member extension route, a
pressing mechanism for pressing a belt surface of the belt
transmission into contact with the tension member, and a
drive motor for driving the belt transmission.
The present invention provides an elevator apparatus
20 which comprises a reciprocatingly movable body
reciprocatingly movably provided in a path of reciprocating
movement, and a mechanism for reciprocatingly driving the

body. The reciprocatingly driving mechanism comprises a

sheave disposed at a predetermined level, a tension member in



Usable as the drive device is a drive device of the first type which drives
the tension nenber by pressing a 15 straight region thereof (hereinafter
referred to as the "straight drive type"), or a drive device of the second
type which drives the tension nenber as reeved around at | east one sheave
di sposed al ong the tension nenber extension route by pressing a
circular-arc region of the tension nenper against 20 the sheave
(hereinafter referred to as the "circular-arc drive type"). Alternatively,
t he conbination of these two types is to be used. Usable as the drive
device of the straight drive type is a device, conprising a helt

transmi sstfh %‘f’”é‘bd&gﬂ? d-]%’ﬁg@ird\éelt fRE BERERIMIEeFRY hPFRYV ARAURG v
nmovabl e al ong a tension menber extension route, a pressing nechanismfor
pressi ng Ehoetheaif f 20¢ ¢ drpFepdpviceahshi 451 6H 9 nEle clomnsian wempeghe
tensi on nenber, and a drive notor for driving the belt 5 transm ssion.

Usabl e asin rengidepenteihea epfi thhbycPreabing az cspie¢iEl ed peorigl taddailce
conprising a belt pressed against the circular-arc region of the tension
menber amcegiewolodi rigley temsdbhemenbpkusafiewgysf IMhid eregmarr anged al ong a
pat h of revolving novenent of the belt, and a drive notor for 10 rotatingly
drivisg atrdeigstocats nofl vt hevablleebsdyW hahea et yatiaviappa at us of the

i nvention described, the belt is driven by the drive notor, whereby the

tensi on rEddEEnder dompitthgntr bet capgb compactmant h e rsafdrmcacofa t he
belt. As a result, the reciprocatingly novable body is 15 reciprocatingly
moved. Wddhddi: dripes ideviteethbieofeRst@iinterweight as a counterpart
of the cage. The term “tension member” refers to a concept
superior to that of one or a plurality of ropes or belts.
10 The term “reciprocating movement” includes a reciprocating
movement in a vertical direction, horizontal direction,
oblique direction or direction along a bent or curved path.
Usable as the drive device is a drive device of the
first type which drives the tension member by pressing a
15 straight region thereof (hereinafter referred to as the
“straight drive type”), or a drive device of the second type
which drives the tension member as reeved around at least one
sheave disposed along the tension member extension route by
pressing a circular-arc region of the tension member against
20 the sheave (hereinafter referred to as the “circular-arc
drive type”). Alternatively, the combination of these two
types is to be used.

Usable as the drive device of the straight drive type is

a device comprising a belt transmission disposed alongside



menber can be prevented from slipping under the condition expressed by

Mat hemat i cal Expression 4 given below, wherein Tl is the tension acting on
the slack side of the tension nenber extending fromthe drive device toward
opposite 20 directions, T2 is the tension on the tensioned side of the
tension nenber, a is the coefficient of friction between the belt surface
of the belt transm ssion and the tensign nenber, and Nis the pressure
exerted by the belt surface on the tension nenber. 8 (Mat hemati cal
Expression 4) T2-T1l < uN Accordingly, assum ng, for exanple, that the
tension T1 on_the slack side is due to the meigg ﬁOf t he recufnocatingly 5

novabl e b YRR MM &Te fSdFeYRLveng g oY 2R THFIELCN sl |
nunber of passengers, whereas the relationship of Mathenatical, Expression 4
can be sa¢RPEEFHPITHAINUG t RePELESINIMRCLIPHESTR bR RFSRSHEF acan t hen
be prevented fron1s|ippin%§ 10 Suppose the cage itself has weight of 1500
Kg, the |oefnpckascialy the bedd kgangpdsshenwbnidtcottadie Wointtdraei ght is
the weight of the cage itself plus 50% of the |oading capacity as
exenpl i fi'eehswyaember /| eind & deivenmerosnf feRpdeteinn therdelithe fol | owi ng
val ues when the 15 weight of load is zero and when the cage is fully
| oaded. ({barewipdsdical. Elpakisi ansthy ALV deRR0-o50Mhe= cB@GuTdrFare
2500- 2000 = 500
drive type is a device comprising a belt pressed against the
circular-arc region of the tension member and revolvingly
movable, a plurality of rollers arranged along a path of
revolving movement of the belt, and a drive motor for
10 rotatingly driving at least one of the rollers.
With the elevator apparatus of the invention described,
the belt is driven by the drive motor, whereby the tension
member is driven by frictional contact with the surface of
the belt. As a result, the reciprocatingly movable body is
15 reciprocatingly moved. With the drive device, the tension
member can be prevented from slipping under the condition
expressed by Mathematical Expression 4 given below, wherein
Tl is the tension acting on the slack side of the tension
member extending from the drive device toward opposite
20 directions, T2 is the tension on the tensioned side of the
tension member, 1 is the coefficient of friction between the
belt surface of the belt transmission and the tension member,

and N is the pressure exerted by the belt surface on the

tension member.



If the weight of the cage itself is then reduced to 1000 20 Kg, the val ues
of Mathematical Expressions 4 are as follows. (Mthenmatical Expressions 6)
T2-T1 = 1500- 1000 = 500 T2-T1 = 2000-1500 = 500 Thus, the left side nenber
(T2-T1) of WMathemati cal 9 Expression 4 to be satisfied has a constant
value even if the weight of the cage itself or the weight of |oad varies.
The cage can be noved upward or downwagd wi thout permtting slippage of the
tension nenber if the drive device exefts a 5 drive force greater than this
val ue when driving the tension nenber in frictional contact therewth.
Wthout the necessity of altering the tension nmenber extension route, the
drive deviMathamateadr Frrdessarand)a strai ght region of the tension nenber
extension route when of 10 the straight drive type, or along a circular-arc
regi on of the %2 &n wmdimber as reeved around a sheave when of the
circular-arc drive type. Thus, the drive device is acconmodated and

di sposed in t Feqadingilmoessentingf fhe ekawples .thdte thrd Veerdewdnc&lcan be
provi ded at each of a 15 plurality of |ocations along the tension nenber
ext ensi oromn Othtee dlacke acdddanse duet hot heef wetght T2f Tdhe rmspiipredtaftdmgdri vi ng
the tension nenber. In the case of a drive device of the straight drive
type, 5t handseddld i (@igen ,Cehpr kefsion Mpi nibedhall rieevetk ajagend a 20 pair
of rollers 53, 54, and the pressing nechani sm conprises a subbelt

transm sséirie0\d Ga@d 10y nampakr o8f ph8kéRESrH4, wdreas the

relationship of Mathematical Expression 4 can be satisfied by
increasing the pressure N. The tension member can then be
prevented from slipping.

10 Suppose the cage itself has weight of 1500 Kg, the
loading capacity is 1000 Kg, and the weight of the
counterweight is the weight of the cage itself plus 50% of
the loading capacity as exemplified above. The left side
member of Expression 4 has the following values when the

15 weight of load is zero and when the cage is fully loaded.
(Mathematical Expressions 5)

2000-1500

T2-T1 500

T2-T1 2500-2000 500

If the weight of the cage itself is then reduced to 1000
20 Kg, the values of Mathematical Expressions 4 are as follows.
(Mathematical Expressions 6)

T2-T1 1500-1000 = 500

T2-T1 2000-1500 500

Thus, the left side member (T2-T1l) of Mathematical



arranged inside the main belt 6 and a subbelt 62 reeved around the rollers
64, 65, a plurality of pressing rollers 68 arranged inside the subbelt 62
and spring means for pressing 10 the pressing rollers 68 against the main
belt 6. Wth this specific construction, the pressing rollers 68 are
pressed toward the subbelt 62 by the biasing force of the spring neans,
wher eby the subbelt 62 is pressed agai?st the 5 main belt 6, pressing the
surface of the main belt 6 into contact with the tension nenber. The
subbelt 62 is free to nove revolvingly with the revol ving novenent of the
main belt_6, with rolling frictign nerely occurring between the su%belt 62

I
and the prE¥SSHI0I4 & 88?%65&8? PAR Br eRF RPYE Vgt &Yiedmtits ThS1 i kel y
to offer resistance to the drive of the main belt 6. The p[essina mechani sm
is not |iakEt & yheo cage ditselfi Ay the vekyhrt ek ¥eptearadiiespri hBe 57 or
the |ike, but also usable is, for exanple, a nmechanismutilizing a magnetic
force or @add fah peedwyed upwasdapeddeyedard cal thoutarpemmiditimsr i phery of
the main belt 6 and an outer periphery of the subbelt 62 have respective
grooved silrifraeere wds ltdlel dewstithnerehber hef . tiidi dried i ddstiycepreaeartiss asl i ppage
fromoccurring between the main belt 6 and the subbelt 62. 20 Further
st at ed sphcivd daldog girleatkeel thpnothilsngaihe wedn driansiy ddhieortem@dioa gr ooved
portion extending longitudinally of the tension nmenber and in contact with
t he tensingmbentier .frikitiopadvcdasaad therewased. frictional force between the
belt and the tension nenber to produce a greater drive force. An
Without the necessity of altering the tension member
extension route, the drive device may be provided along a
straight region of the tension member extension route when of
10 the straight drive type, or along a circular-arc region of
the tension member as reeved around a sheave when of the
circular-arc drive type. Thus, the drive device is
accommodated and disposed in the path of movement of the
elevator. The drive device can be provided at each of a
15 plurality of locations along the tension member extension
route in accordance with the force (T2-T1l) required for
driving the tension member.
In the case of a drive device of the straight drive type,
the belt transmission comprises a main belt 6 reeved around a
20 pair of rollers 53, 54, and the pressing mechanism comprises
a subbelt transmission provided by a pair of rollers 64, 65
arranged inside the main belt 6 and a subbelt 62 reeved

around the rollers 64, 65, a plurality of pressing rollers 68

arranged inside the subbelt 62 and spring means for pressing



11 increased frictional
t ensi on nmenber
with each other.

bet ween surfaces of belts of the respeq%ive belt transm ssions from

opposite sides of the tension nmenber.
of the 10 first belt transm ssion presses the tension nenber is supported
by the main belt of the _second belt transm ssion,

and the tension nenber

force is avail able also by making the belt and the
rough-surfaced over the portions thereof to be in contact
The drive device of the straight drive type further 5
conprises a second belt transm ssion positioned as opposed to the belt
transm ssion (first belt transm ssion), and the tension nmenber is held

e force with which the main belt 6

is

reliably W& PIRssAedh GHd effo BePPasBFEabhe Mot b greater drive force

can be produced. Incidentally, the belt transm ssion need not always 15

conprise a stMigih Kdhilselspecddiedcapsinuchipni rtlg regdsimg nallens 58
provi ded by a chain 7 reeved around a pair of chain sprockets and a

pluralityaxd pressa@ dowerdeitbe7subbedhged by the kirding fonse fe tbstire

peri phery thereof. Each of the pressure nenbers 71 is provided with a
recessed dmciend nesxtsgnaihegebgngheudihhély 62 iheptessmedragwntzar thred shaped

in conformty with the cross section of the tension nmenber,
frictisonataifrored tca) hpeepsddgcetdebstiveetet b e gsalire benbe idkcand t he

t ensi on nenber. Wien the pressing nechanismis provided with an 12

10

15

20

contact with the tension member. The subbelt 62 is free to
move revolvingly with the revolving movement of the main belt
6, with rolling friction merely occurring between the subbelt
62 and the pressing rollers 68, so that the pressing
mechanism is unlikely to offer resistance to the drive of the
main belt 6. The pressing mechanism is not limited only to
one utilizing the resilient force of springs 57 or the like,
but also usable is, for example, a mechanism utilizing a
maghetic force or a fluid pressure.

Stated specifically, an inner periphery of the main belt
6 and an outer periphery of the subbelt 62 have respective
grooved surfaces meshable with each other. This reliably
prevents slippage from occurring between the main belt 6 and
the subbelt 62.

Further stated specifically, the belt providing the belt
transmission has a grooved portion extending longitudinally
of the tension member and in contact with the tension member.
This provides an increased frictional force between the belt

and the tension member to produce a greater drive force. An

wher eby a great



adj usting nechanismfor giving an adjusted pressure in accordance with the
wei ght of a cage 1, the value of the right side nenber of WMathenati cal
Expression 4 can be altered, for exanple, in accordance with the nunber of
passengers. 5 The tension nmenber can then be prevented from slipping
regardl ess of the nunber of passengers. Usable as the adjusting nmechani sm
is, for exanple, a power transm ssion Utilizing the tension of the tension
menber as notive power for exerting pressure on the belt surface of the
belt 10 transm ssion. The tension of the tension nmenber then varies with
the nunber of passengers, whereby the pressure is nade automatically

adj ust abl Ercrepsefbrizaionae fadicgstisngvat tabhe sad 5@ bintmakifig ddheonly to a
mechani cal power transm ssion such as one using a |l ever nmechanism Also 15
usabl e i shal powet thertEmsisinomesbepr rohgh-auséased $¢ver dehre qdnig dnse
tension of the tension nmenber, and a control circuit for adjusting the
pressure theresparsdd dn endecécwith saghabthén.the ot her hand, an exanpl e
of drive device of the 20 circular-arc drive type conprises a nechani sm for
t ensi oni ng t herteldrivEhidevdideeotfi taky sprasgres dhevdetypeé nfurtdoyr act with
the tension nmenber to produce a great frictional force between the belt and

the tensi @smpEidsy .a FEddier betat edanpRekEienl bysitend®nsd Wppgusgm@adani sm
13 conprises a frane 130 supported so as to be novable toward or away from

the sheavgne Bl ! uraaldniid sQlon Qleli@e® BELBILE ok Shadd YorsUPRAId hdy the frame
130, and the tension nenber
tension member is held between surfaces of belts of the
respective belt transmissions from opposite sides of the
tension member. The force with which the main belt 6 of the
10 first belt transmission presses the tension member is
supported by the main belt of the second belt transmission,
and the tension member is reliably held between the two belt
surfaces, whereby a greater drive force can be produced.
Incidentally, the belt transmission need not always
15 comprise a striplike belt reeved around a pair of rollers but
can be provided by a chain 7 reeved around a pair of chain
sprockets and a plurality of pressure members 71 arranged on
the chain 7 over the entire periphery thereof. Each of the
pressure members 71 is provided with a recessed face
20 extending longitudinally of the tension member and shaped in
conformity with the cross section of the tension member,
whereby a great frictional force can be produced between the

pressure member 71 and the tension member.

When the pressing mechanism is provided with an



has one end connected to a free end of the frame 130. Wth 5 this
construction, the frame 130 is driven toward the sheave by the tension of
the tension nmenber, and the belt extending over the rollers is pressed into
contact with the circular arc region of the tension nenber as reeved around
t he sheave. Consequently, the belt can be given sufficiently great 10
tension at all tines. Accordingly, the:iensioning mechani sm requi res no
speci al power source and consequently kecones sinple in construction.

Al ternatively, the tensioning nechani smconprises a frame 130 supported so

as to be nmpvabl e toward or away from 15 t he sheavg, the plurality of

rol l ers bRFEHES HRAMAIRANRHH e J1HY PENERT FLAESERD, PEERF WS e/er nechani sm

140 is provided between a free end of the frane 130 and one end of the
t ensi on nepPRFdange ith $hepseithé edndt Fagei on, thdeva iR rofrddifani sm 140
converts the tension of the tension 20 nenber to a force for driving the
frame 130right hside Mg HhMathemadicalnBxpaassarn4d eanneet ebitevedhe end
of the tension nmenber serving as a fulcrumand with the portion thereof
opposed tHot hexdmmlee eridh @fc achrdlafuwcanwitBOtber yumigensof hea podnderss.
application. In this way, the tension of the 14 belt is adjusted to an
actingd f ofTke tdngieguimexdenragrnt ailen Ber phevested efirapeslfpmiald y, the
t ensi oni ng mechani sm conpri ses an arm 156 supported so as to be novabl e
towar d orreyeydldesundhechheawdert b€ paBséhfebel NI iagalthy bi ased 5
toward a direction away fromthe sheave, and a plurality of rollers
i ncl uded adpngr ide fddhadiishy i@f, okl ekemphd, a power transmission
utilizing the tension of the tension member as motive power
for exerting pressure on the belt surface of the belt
10 transmission. The tension of the tension member then varies
with the number of passengers, whereby the pressure is made
automatically adjustable. Incidentally, the adjusting
mechanism is not limited only to a mechanical power
transmission such as one using a lever mechanism. Also
15 usable is a power transmission comprising a sensor for
detecting the tension of the tension member, and a control
circuit for adjusting the pressure in response to the
detection signal.
On the other hand, an example of drive device of the
20 circular-arc drive type comprises a mechanism for tensioning
the belt. This effectively presses the belt into contact
with the tension member to produce a great frictional force

between the belt and the tension member.

Further stated specifically, the tensioning mechanism



positioned at opposite ends of the arrangenent of rollers are rotatably
supported each at a predetermned |evel relative to the sheave, the arm 156
rotatably supporting thereon one or 10 nore rollers positioned i nwardly of
the roller arrangenent. Wth this specific arrangenent, the arm 156 is

bi ased toward a direction away fromthe sheave, whereby the inward roller
or rollers are driven away fromthe shgave to tension the belt. 15 The

el evat or apparatus of the invention described above has a drive device for
driving a tension nenber in frictional contact therewith. This obviates the
need for driving by a traction sheave, rendering the cage or |ike

reci pr ocatPRRF IS ¢ vabi E@msody3 O saPPer ted ®ei 8fit tanbe cBe% nEQWALSE9H tti ng
20 use of a conpacted |ightweight lift drive mechanism BRI EF DESCRI PTI ON
OF THE DRWINGES @ Gthel sheayepeitdigeplivFalitynwoshood hgrs Heedgi ¢ constructi on
of an el evator apparatus equipped with a drive device of the straight drive
t ype. 150 R @bLy i suppqrdreshégt ithe firemeshé®i ngnd hehe orensian inamasr t he
drive device of the straight drive type. FIG 3 is a side elevation show ng
an arrangementne nadlecnnattedoftonavémert enfl dvhetlkeé efmdroes Bipar dtivs. 5 FI G
4 is a plan view showi ng the sane arrangenent. FIG 5 is a plan view
showi g i thileteddsthe tdemst thet ifeamef 18heidrdveveevioward dHe sHaaateght
drive type. FIG 6 is a plan view showing the same construction. FIG 7 is
a front vbewisdhovérgioh A nhieltlendidnamsibbel tand the belt extending
over the rollers is pressed into contact with the circular-
arc region of the tension member as reeved around the sheave.
Consequently, the belt can be given sufficiently great
10 tension at all times. Accordingly, the tensioning mechanism
requires no special power source and consequently becomes
simple in construction.
Alternatively, the tensioning mechanism comprises a
frame 130 supported so as to be movable toward or away from
15 the sheave, the plurality of rollers being rotatably
supported by the frame 130, and a lever mechanism 140 is
provided between a free end of the frame 130 and one end of
the tension member. With this specific construction, the
lever mechanism 140 converts the tension of the tension
20 member to a force for driving the frame 130, with the portion
of the lever mechanism 140 connected to the end of the
tension member serving as a fulcrum and with the portion

thereof opposed to the free end of the frame 130 serving as

the point of application. In this way, the tension of the



10 meshing therewith. FIG 8 is a front view show ng the construction of
anot her pressing nechanism FIG 9 is a front view show ng the construction
of another pressing mechanism 15 FIG 10 is a perspective view of a belt
transm ssion conprising a chain. FIG 11 is a perspective view show ng the
construction of another drive device of the straight drive type. FIG 12

I ncl udes di agrans show ng exenpl ary aryangement s 20 of devices in elevator
apparatus each conprising a drive device of the straight drive type. FIG
13 includes diagrans show ng exanples of other arrangenents. FIG 14 is a
di agram show ng ancti:),t her exenpl ar 16 arrangenent wherein a |ever

mechani snP#st st PARIEed £9 §na%§|i§§e€PF98 fehrdpizedrmanidéidece of the
circular-arc drive type. FIG 16 is a _perspective view of another drive
devi ce of 5 thRugihetuldiates sreciféceypy, Fhe tepsieningdrepeatisime vi ew
showi ng the construction of rear side of the drive device. FIG 18 is a
per spect | @Y ke HfamrigithdrS & isiuppogéedc §oofst he ke rmevablartowiiden ype. 10
FIG 19 is a front view of another drive device of the circular-arc drive
type. Fl G@wa@y fiom fheorthedvew dheanatthébodbeirgdelaseiodliheiased
5 toward a direction away from the sheave, and a plurality of
rollers included among the plurality of rollers and
positioned at opposite ends of the arrangement of rollers are
rotatably supported each at a predetermined level relative to
the sheave, the arm 156 rotatably supporting thereon one or
100 more rollers positioned inwardly of the roller arrangement.
With this specific arrangement, the arm 156 is biased toward
a direction away from the sheave, whereby the inward roller
or rollers are driven away from the sheave to tension the
belt.
15 The elevator apparatus of the invention described above
has a drive device for driving a tension member in frictional
contact therewith. This obviates the need for driving by a
traction sheave, rendering the cage or like reciprocatingly
movable body smaller in weight and consequently permitting
20 use of a compacted lightweight 1lift drive mechanism.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view showing the basic

construction of an elevator apparatus equipped with a drive

device of the straight drive type.



circular-arc drive type. FIG 21 is a front view of another drive device of
the 15 circular-arc drive type. FIG 22 is a front view of another drive
device of the circular-arc drive type. FIG 23 is a perspective view of
anot her drive device of the circular-arc drive type. 20 FIG 24 is a
perspective view of a conventional elevator apparatus. FIG 25 is a plan

vi ew show ng an arrangenent inside a path of novenent of the conventi onal
el evator apparatus. FIG 26 is a diagramfor illustrating forces acting on
a 17 rope reeved around a traction sheave. BEST MODE OF CARRYI NG OQUT THE
| NVENTI ON Enbodi ments, of the invention will_ be described bel ow in detail

with referencé 1% the UraRsFgPectiive: VigWwygheripei bive scops trurtignv &t of an
el evator apparatus wherein a drive device of the straight drive type is
used as athkeideltredeE dooidithg s§raéghs, dsévei B¥Pas tensi on nenbers, by
frictional contact therewith, i.e., by pressing a straight region of each
rope. Subsequefi@y,3 d des@lidst iedevaitiibnbehgivies af awrrdrgyehentatiors igdepar at us
wherein a drive device of the circular-arc drive type is used for driving
ropes as aeawyidd af owowkmeershedy ehley epegssbngapparatws ar-arc regi on of each
rope agai nst the sheave. Apparatus Conprising Drive Device of Straight
Drive SType 15 HIG. 4l ish@wvp liahe viesi ehoehsyr thé i ©amef awrrarefenvattor
FIG. 5 is a plan view showing in detail the construction
of the drive device of the straight drive type.
FIG. 6 is a plan view showing the same construction.
FIG. 7 is a front view showing a main belt and a subbelt
100 meshing therewith.
FIG. 8 is a front view showing the construction of
another pressing mechanism.
FIG. 9 is a front view showing the construction of
another pressing mechanism.
15 FIG. 10 is a perspective view of a belt transmission
comprising a chain.
FIG. 11 is a perspective view showing the construction
of another drive device of the straight drive type.
FIG. 12 includes diagrams showing exemplary arrangements
20 of devices in elevator apparatus each comprising a drive
device of the straight drive type.
FIG. 13 includes diagrams showing examples of other

arrangements.

FIG. 14 is a diagram showing another exemplary



apparatus of the invention wherein a drive device of the straight drive
type is used. As illustrated, a rope 3 extends as reeved around a plurality
of sheaves, such as a sheave 42 provided at a specified position within a
pat h of 20 novenent of the elevator and sheaves 4, 43 attached to a cage 1
and a counterweight 2. A drive device 5 for driving the cage 1 upward or
downward is provided along the route of the rope 3, and rope ends 31, 32
are fixed in position. FIGS. 3 and 4 SH%M/an arrangenent inside a path 10
of 18 novenent of the el evator apparatus of the invention. As
illustrated, the cage 1, counterweight 2, sheaves 42, 4, 41, 43 and drive
devi ce 5 HFEARFMaHedharsife pdeNeromerhantaBeld REeGui ded by guide rails
14, 14 for upward or downward 5 novenent, and the counterweight 2 is guided
by guide rail FU&, 15 ifspa PewerecsivaoWafrr df ndvéreve .detecairaf/déhgevi ce 5
has connected thereto an unillustrated control circuit for controlling the
upwar d anel toweierat nolrdiventtype -t he cage 1 and st opping of a cage door 10
11 at a position coinciding wwth a floor door 12. Al though only one rope 3
is shown in FIKG%. léarnd 3 berspeetsakevdéwsofiphnctlier dripteurddviioe @ff ropes
extend along the sane route in actuality. The ropes are not shown in FIG

4. FI G zZishavisrddiarcenst duadtieonypk.t he drive device 5, and 15 FIGS. 5 and
6 show the construction of the drive device 5 in greater detail. Wth

reference to MIG. 2,7 tike adplerepdevrice HieRNProwHsy atsli dorft idevensi de bel t
drive mechani sm Ma and driven-side belt drive nechanism M which are
arranged dfNsiddy side of the drive device.
FIG. 18 is a perspective view of another drive device of
the circular-arc drive type.
10 FIG. 19 is a front view of another drive device of the
circular-arc drive type.
FIG. 20 is a front view of another drive device of the
circular-arc drive type.
FIG. 21 is a front view of another drive device of the
15 circular-arc drive type.
FIG. 22 is a front view of another drive device of the
circular-arc drive type.
FIG. 23 is a perspective view of another drive device of
the circular-arc drive type.
20 FIG. 24 is a perspective view of a conventional elevator
apparatus.
FIG. 25 is a plan view showing an arrangement inside a
path of movement of the conventional elevator apparatus.

FIG. 26 is a diagram for illustrating forces acting on a



a housing 51. The belt drive nechanism Ma on the drive side 20 conprises a
mai n belt transm ssion conprising a pair of rollers 53, 54 arranged al ong
the ropes 3 and a main belt 6 reeved around these rollers, a drive notor 52
for rotatingly driving the roller 53 of the main belt transm ssion, a
subbelt transm ssion conprising a pair of rollers 64, 65 19 arranged
inside the main belt 6 and a subbelt 62, reeved around the rollers 64, 65,
and a plurality of pressing rollers 68 arranged inside the subbelt 62. On
the other hand, the belt drive nmechanism Mo on the 5 driven side conprises
a main belt transm ssion conprising a pair of rollers 55, 56 arranged al ong
the ropest@PankPesHmiadt PO a6frP€§388 ar68N8-t hese rollers, a subbelt
transm ssi on conprisin aypair of rollers 66, 67 arranged inside the nain
belt 61 a#kSH &% Cg’é*ﬂéé‘@e@@r GHRIINMENEEPNers 66, 67, 10 and a
plurality of support rollers 69 arranged inside the subbelt 63. In each of
the two belt dinkadimamisniofndhwhinventipe wilébrbpedeprieikad gliartdnof t he
subbelt 62 or 63 on the rope side is in intimate contact with the inner

per i pher adletsai¥ atiettofretfiee emmien thelthe6doawngen tHHa stope siederip5ivht h
reference to FIGS. 5 and 6, the rollers 53 to 56 and 64 to 67 providing the
two bélt willeéersrhem ofs avhelbvadnd thpasapporvhexndirers did v a@evdiceg t he
driven-side belt drive nechanism M are rotatably supported on a fixed
frame 50,of\hilee sthe iptas siniger alyber $ s68spdoas da ngrive divive sidde 20 bel t
drive nmechanism Ma are rotatably supported on a novabl e base 60 which is
reci procadtinging nedpdy,y sstwnegt ad b¥nkhén members, by frictional

contact therewith, i.e., by pressing a straight region of
each rope. Subsequently, a description will be given of an

10 elevator apparatus wherein a drive device of the circular-arc
drive type is used for driving ropes as reeved around a
sheave by pressing a circular-arc region of each rope against
the sheave.

Apparatus Comprising Drive Device of Straight Drive Type

15 FIG. 1 shows the basic construction of an elevator
apparatus of the invention wherein a drive device of the
straight drive type is used. As illustrated, a rope 3
extends as reeved around a plurality of sheaves, such as a
sheave 42 provided at a specified position within a path of

20 movement of the elevator and sheaves 4, 43 attached to a cage
1 and a counterweight 2. A drive device 5 for driving the
cage 1 upward or downward is provided along the route of the
rope 3, and rope ends 31, 32 are fixed in position.

FIGS. 3 and 4 show an arrangement inside a path 10 of



fixed frame 50 and are novable toward or away fromthe subbelt 62. The
fixed frame 50 is provided with a plurality of springs 57 for biasing the
novabl e base 60 toward the 20 subbelt 62. The biasing force causes the
pressing rollers 68 to press the subbelt 62 toward the main belt 6, whereby
the belt surface of the main belt 6 is pressed into contact with the ropes
3. Consequently, the pressure N of Mathematical 5 Expression 4 is produced
between the belt surface of the main belt 6 and the ropes 3. Thus, the
subbelt transm ssion provides a pressing nechanismfor the main belt 6.
When the power source is turned on for the drive nptor 52 constituting the
dri ve- si dRHINN QL Ehte CHETRIATVEPBR B RS 101 dER G L RERA TS, ffe main bel t
6 starts to nove revolvingly, drawing the ropes 3 toward one direction by a
frictionallfsttetpd wdde CRgendi-nChERteswahght her ropraves ARt it Hils
novenent, the main belt 61 of the driven-side belt drive nmechanism M noves
revol vi ngt3 .amkurdigre \detvid cehd peeobvikanged hnvehernadi the The cage belts
6, 61, the two subbelts 62, 63 also nove revolvingly. The traction of the
ropes 3 ih imeguiidetbyoguiteesatihe $Aealé ferhhapwand shrovdownwards 1, which
noves the cage 1 and the counterwei ght 2 upward or downward in directions
opposist e ifvdneranclamt e doundecedibhhtweehst jeidedtbgugibde ©dixdheldpmi n
belt 6 and the ropes 3 in this process is pressure N satisfying

Mat hemat | T3l £ pieerido B rd ddutwaedt heveinast ng force of the springs 57,

consequently obviating the slippage to be produced between the main belt 6
and the ropes the drive device 5 has connected thereto an
unillustrated control circuit for controlling the upward and
downward movement of the cage 1 and stopping of a cage door
10 11 at a position coinciding with a floor door 12. Although
only one rope 3 is shown in FIGS. 1 and 3 for the sake of
simplicity, a plurality of ropes extend along the same route
in actuality. The ropes are not shown in FIG. 4.
FIG. 2 shows the construction of the drive device 5, and
15 FIGS. 5 and 6 show the construction of the drive device 5 in
greater detail. With reference to FIG. 2, the drive device 5
comprises a pair of drive-side belt drive mechanism Ma and
driven-side belt drive mechanism Mb which are arranged inside
a housing 51, The belt drive mechanism Ma on the drive side
20 comprises a main belt transmission comprising a pair of
rollers 53, 54 arranged along the ropes 3 and a main belt 6
reeved around these rollers, a drive motor 52 for rotatingly

driving the roller 53 of the main belt transmission, a

subbelt transmission comprising a pair of rollers 64, 65



21 In the case of the el evator apparatus of the invention, the drive device
5 can be installed conpactly in a vacant space along the route of the ropes
within the path 10 as shown in FIGS. 3 and 4. This elimnates the need to
provide 5 an additional installation space for the device 5. Further when
required, a second drive device 5 can be disposed in another vacant space
as indicated in chain lines in FIG 1., Wen the outer periphery of the
subbelt 62 and the inner periphery of ¥%e main belt 5 have respective
grooved surfaces 10 nmeshable with each other as shown in FIG 7, the main

belt 6 and the subbelt 62 can he Brevented fron1s|i£pin on each other.
Usabl e astifandadddisiglenddivanedm PELtt Ae2Rdi & PePRe bt i &2 direiighngenent
conprising a pressure plate 201 di sposed al ongside the main belt 6, and

springs 2opounst Wieasiald etise 685 §PessnfeapPhvra DUy t @R IHOImIi n belt 6 to
apply pressure to the main belt 6 as shown in FIG 8. Alternatively usable
is a mecheollgns dfprariangedadnshdentha Fulcbebt @2 pair of chain sprockets
205, 205, a chain 203 reeved around the sprockets, and slats 204 attached
to the 20 chaion 203 arthear handed tbheebel hedeive reeqeanidmeMb an ttdhe chai n,
the slats 204 being pressed against the main belt 6 by unillustrated
respect i irisygn ngsle Bompdligles 20Aadanebalt abgefsmis $i srowedmpriedely rope or
each of groups of ropes. It is also possible to use a belt transm ssion
22 pair of rollers 55, 56 arranged along the ropes 3 and a main
belt 61 reeved around these rollers, a subbelt transmission
comprising a pair of rollers 66, 67 arranged inside the main
belt 61 and a subbelt 63 reeved around the rollers 66, 67,
10 and a plurality of support rollers 69 arranged inside the
subbelt 63. In each of the two belt drive mechanisms Ma, Mb,
the outer peripheral surface of the subbelt 62 or 63 on the
rope side is in intimate contact with the inner peripheral
surface of the main belt 6 or 61 on the rope side.
15 With reference to FIGS. 5 and 6, the rollers 53 to 56
and 64 to 67 providing the two belt drive mechanisms Ma, Mb
and the support rollers 69 providing the driven-side belt
drive mechanism Mb are rotatably supported on a fixed frame
50, while the pressing rollers 68 providing the drive-side
20 Dbelt drive mechanism Ma are rotatably supported on a movable
base 60 which is reciprocatingly movably supported by the
fixed frame 50 and are movable toward or away from the

subbelt 62. The fixed frame 50 is provided with a plurality

of springs 57 for biasing the movable base 60 toward the



conprising, as shown in FIG 10, a pair of chain sprockets (not shown), a
chain 7 reeved around the sprockets and a plurality of pressure nenbers 71
arranged on the chain 7 over the entire periphery thereof. Each of the
pressure nenbers 5 71 is provided with recessed curved faces 72 extending

| ongitudinally of the ropes 3 and shaped in conformty wth the cross
section of the ropes 3, whereby a gre 0 frictional force can be produced
bet ween the pressure nmenber 71 and the ropes 3. 10 FIG 11 shows the
construction of another elevator apparatus of the invention. A rope 3
connecting a cage 1 to a counterweight 2 is reeved around twp_sheaves 45,
46 rot at aPIRPskip At edRBnPA2FERFIBEC GRYSRS ddA BFessigdprediaed 4Bong the
rope 3 extending between the two sheaves 15 45, 46. The drive device 5
conpri sest@ pHefsalthey stbbglés$engorarfekbegnaigibely 6,4 Waneka? theeved
around these rollers 81, 81, 81 and a drive notor 83 for driving one
pressi ng kol equrgaceTied thiel magnghbel816 83 pressed hidtye|gorBadtntg thont act
with the rope 3. 20 FIGS. 12, (a) to (f) and 13, (a) to (f) show ot her
exanpl es wie aropmy&venCenghgeéntly, athermedsunehd miindathandtposailti on of
drive devices 5, the nunber and position of sheaves, rope extension route,
etc. Bl GExpXeqsd)omrd isbprobdowedr beewdeni ties be bt rangfxtatofa gheumalint y of

| ocati ons. 23 FIG 12, (c) shows a drive device 5 attached to a cage 1.
FIG 12, et shal ahd irvpedei. cerbudl tiaedhaedidela eeunsaiveight 2. FIG 12,

(e) and (f) each show a rope 31
provides a pressing mechanism for the main belt 6.

When the power source is turned on for the drive motor

52 constituting the drive-side belt drive mechanism Ma of the

10 drive device 5, the main belt 6 starts to move revolvingly,
drawing the ropes 3 toward one direction by a frictional
force between the main belt 6 and the ropes 3. With this
movement, the main belt 61 of the driven-side belt drive
mechanism Mb moves revolvingly. Further with the revolving

15 movement of the two main belts 6, 61, the two subbelts 62, 63
also move revolvingly.

The traction of the ropes 3 in one direction moves the
sheave mechanism shown in FIG. 1, which moves the cage 1 and
the counterweight 2 upward or downward in directions opposite

20 to each other. Produced between the belt surface of the main
belt 6 and the ropes 3 in this process is pressure N
satisfying Mathematical Expression 4 due to the biasing force

of the springs 57, consequently obviating the slippage to be

produced between the main belt 6 and the ropes 3.



other than a rope 3 as the nmain cable and serving as an 5 auxiliary cable.
A drive device 5 is in engagenent with the rope 31. Wth reference to FIG
13, (a), a rope 3 has connected to opposite ends thereof a cage 1 and a
counterwei ght 2, to which respective drive devices 5, 5 are attached. Each
drive 10 device 5 is in engagenent with a rope 31 serving as an auxiliary
cable. FIG 13, (b) shows counterweig S 2, 2 attached to respective
opposite ends of a rope 3. FIG 13, (C) shows a cage 1 and a counterwei ght
2 connected to the respective ends of a rope 3, which is in engagenment wth
a 15 drive deV|ce . FIG 13, g shows a ca connected to one end of a
rope 3, which Iing ﬁh? éﬁ&&g@ﬁéﬁP mﬁ%ﬁvatar|@apgﬁ@?%% of g inpention,shows a
pair of sheaves and a drive device 5 which are nounted on the ceiling
portion ofhe digie devitge Jricps Bevinstsliedi omprgiyeneiit avivafame portion
of the rope 20 3 between the two sheaves. FIG 13, (f) further shows a
drive dewRrRacs glpnghgdgemontewethther sppes withir e thadih tlfersof bet ween
two sheaves, which are provided inside a path of novenent of the el evator.
Wth the siawatior FGSar a3t asdofl .t HEhisveliniogtedy ithe deedcés Promhdee
arranged wth great 24 freedom so that various arrangenents can be
real i 2ed a&as sltiridmalFliGStal2aamhdnl3pa&é GEot 4tlsdradesviazwtther Fakekator
apparatus, wherein the tension produced on the rope 3 is caused to act on a
ful crum SvHerr redEved, mackacoath d00yveaddvicded tcarbacH Poseddrimve device 5
is pressed against the rope 3 wwth a force produced at the point of

appl i cat igbtdfert RR1datitespaRenaBi $AuZ20RtedVih ¢hd s eligwad am amear atus, the
tension of the rope 3, i.e., a pressure corresponding to the weight of the
cage 1, can behen the outer periphery of the subbelt 62 and the inner
periphery of the main belt 6 have respective grooved surfaces
10 meshable with each other as shown in FIG. 7, the main belt 6
and the subbelt 62 can be prevented from slipping on each
other. Usable as the pressing mechanism for the main belt 6
is an arrangement comprising a pressure plate 201 disposed
alongside the main belt 6, and springs 202 for biasing the
15 pressure plate 201 toward the main belt 6 to apply pressure
to the main belt 6 as shown in FIG. 8.
Alternatively usable is a mechanism comprising, as shown
in FIG. 9, a pair of chain sprockets 205, 205, a chain 203
reeved around the sprockets, and slats 204 attached to the
20 chain 203 and arranged over the entire periphery of the chain,
the slats 204 being pressed against the main belt 6 by
unillustrated respective springs. The slats 204 are arranged

in a row for each rope or each of groups of ropes.

It is also possible to use a belt transmission



10 caused to act on the drive device 5, so that the pressure can be

adj usted automatically in accordance with the nunber of passengers in the
cage 1. Thus, the slippage between the rope 3 and the drive device 5 can be
prevented regardl ess of the nunber of passengers. 15 As descri bed above,
the el evator apparatus of the invention is equipped with a drive device 5
for exerting a drive force in accorda with the difference between
tension T1 on the slack side of a ropé€ and the tension T2 on the

tensi oned side of the rope. This elimnates the need for the 20

conventional npde of dr%é:n bé a traihion sheavef making it possible to
use a cage"™PorSIHunteet 'OQ%t 13 5fGredticed BRTGHPE EAthed &45e
foll owi ng advant ages are_al so_available. 1. Al though the drive device is
i nst al | ed(RINEERYYnald Fhedny 7i regvadcAraend ob SEQUPRLS P84 i%on of a path
of 25 novenent of the elevator, pit or the like, the device can be
i nst al | ecPHtraiyty edaPressaceorgimhgreo’ L herraneed i on.the djadde Tt w&erope i s
driven as held at a straight region thereof, the rope is |ess burdened,
perm ttinMmhaismtofres peirdphesymihereafs, Baath &fs tiheopressstreemembgnsheti c
fibers and synthetic resins, for the rope. 3. The conventional drive device
usi ng Sa tTlhcts @rcheawde wichdsetessagpoutvedefarweghl2 odxttdmelicage and t he
counterwei ght and is therefore | arge-sized, whereas the drive device of the
10 i nventienyinteriinaal yswipehe rbpewedghhd ofhipes el argoitaidit yand than
therefore be conpacted and reduced in weight. Furthernore, the drive device
can si nglohderyper@dtdon of the ropes 3, whereby a great frictional
force can be produced between the pressure member 71 and the
ropes 3.
10 FIG. 11 shows the construction of another elevator
apparatus of the invention. A rope 3 connecting a cage 1 to
a counterweight 2 is reeved around two sheaves 45, 46
rotatably supported on a frame 8. A drive device 5 is
provided along the rope 3 extending between the two sheaves
15 45, 46. The drive device 5 comprises a plurality of pressing
rollers 81, 81, 81, a belt 82 reeved around these rollers 81,
81, 81 and a drive motor 83 for driving one pressing roller
81l. The rollers 81, 81, 81 press the belt 82 into contact
with the rope 3.
20 FIGS. 12, (a) to (f) and 13, (a) to (f) show other
examples of arrangements which are altered in the number and
position of drive devices 5, the number and position of

sheaves, rope extension route, etc. FIG. 12, (a) and (b)

show drive devices 5 arranged at a plurality of locations.



installed and is easy to replace. 4. The cage 1 and the counterwei ght 2

whi ch are reduced 15 in weight permt use of a drive notor 52 of snaller
capacity, which results in reduced power consunption. 5. An increase in the
pressure to be exerted by the drive device 5 increases the force for
driving the rope 3. This nakes it nore likely that the chain or rope to be
used 20 as a counterbal ance can be diigensed wi th, hence inproved safety or
reliability. Apparatus Conprising Drive Device of Circular-Arc Drive Type
FIGS. 15 to 22 show exanpl es of el evator apparatus of the invention wherein
a drive device of the circular-arc 26 drive type js used. FlI 15 shows a
drive deil&e 160, (@hi SROWS previveddeYHiy 2 & YEyies 5896d Lat a
specified level within a path of novenent of the elevator. The drive device
100 conpril$es 12,/bdKl) sbevwpeavéride odevii¢out aotached f#12 101, 5 101, 101la
arranged al ong the outer periphery of the sheave 42, and a notor 103

coupl ed tawumerwsliigbt 201aFEhonk? ¢ heelr gncer(d) ABebt sbA¥- AakePef3the
circunferential length of the belt 102 is curved in a circular-arc form

al ong t heothdrerthper apmepy 8f ashthelmaie daéhleraskiseywing @salnarc regi ons
of ropes 3 as 10 reeved around the sheave 42 agai nst the sheave 42. Wen
the bélt a2 liisryvecabliengly dmived dwwidrd \B ig tihe enghgeménNs, witle thees 3 are
driven by a frictional force acting between the belt 102 and the ropes 3.
FIG 16 shyes 33 .drive device 100 having a notor 104 15 serving as a drive
source and installed in a holl ow space

With reference to FIG. 13, (a), a rope 3 has connected
to opposite ends thereof a cage 1 and a counterweight 2, to
which respective drive devices 5, 5 are attached. Each drive

10 device 5 is in engagement with a rope 31 serving as an
auxiliary cable. FIG. 13, (b) shows counterweights 2, 2
attached to respective opposite ends of a rope 3. FIG. 13,
(c) shows a cage 1 and a counterweight 2 connected to the
respective ends of a rope 3, which is in engagement with a

15 drive device 5. FIG. 13, (d) shows a cage 1 connected to one
end of a rope 3, which is in engagement with a drive device 5.
FIG. 13, (e) shows a pair of sheaves and a drive device 5
which are mounted on the ceiling portion of a cage 1. The
drive device 5 is in engagement with the portion of the rope

20 3 between the two sheaves. FIG. 13, (f) further shows a
drive device 5 in engagement with a rope 3 at the portion
thereof between two sheaves, which are provided inside a path
of movement of the elevator. With the elevator apparatus of

the invention, drive devices 5 can be arranged with great



formed in the center of a sheave 42. A drive pulley Z05 is nmounted on the
out put shaft of the notor 104, and the rotation of the drive pulley 105 is
transmtted to a driven pulley 106 by a belt 107 as seen in FIG 17. A
roller 10la 20 shown in FIG 16 is connected to the driven pulley 106. The
rotation of the notor 104 is transmtted to the roller 10la via the drive
pul l ey 105, belt 107 and driven pulley,06, whereby a belt 102 is rotated
revolvingly to drive ropes 3 in frictional contact therewth. 27 FIG 18
shows a drive device |00, wherein a belt 111 is reeved around two rollers

110, 110, _and. a notor 112 is.coupled to one of the rollers 110. About
one. hal f e adaic S0 e JAEAERS| BRGERISRORRS Gt 09 TEAIL 485 A8d in a 5

circular-arc formal ong the outer periphery of a sheave 42, ' pressing
ci rcul ar - ddi IS Sof 2o 33as reeved around the sheave 42 against the
sheave 42. Wien the belt 111 is revolvingly noved by driving the notor 112,
the ropes 3 afdGrilfe§hoysaanptBerofdEVEBPE 2RRAT Hel Detiaielthdiel t 111
and 10 the ropes 3. Like the drive device shown in FIG 18, a drive device
100 showtensiRiInGprogiusedpoinssbearppet 3129 ¢aeved tr aafd anve fellicaum 121,
121. The two rollers 121, 121 are rotatably supported by a frame 120, which
i s supporfead ssd eaert melghah3smol8D| eahdwarbebt swmwafiade ol & shrdanee 42. The
frame 120 has a free end carrying a rope socket 124 thereon, with a
conpr essidevisy isnd slpeackedngghhirsebehaeeope Jdiwieth to fidrea ppedsceket 124
is one end of a rope 3 extending around a
at the point of application of the lever mechanism 200. With
this elevator apparatus, the tension of the rope 3, i.e., a
pressure corresponding to the weight of the cage 1, can be
10 caused to act on the drive device 5, so that the pressure can
be adjusted automatically in accordance with the number of
passengers in the cage 1. Thus, the slippage between the
rope 3 and the drive device 5 can be prevented regardless of
the number of passengers.
15 As described above, the elevator apparatus of the
invention is equipped with a drive device 5 for exerting a
drive force in accordance with the difference between tension
Tl on the slack side of a rope 3 and the tension T2 on the
tensioned side of the rope. This eliminates the need for the
20 conventional mode of driving by a traction sheave, making it
possible to use a cage 1 or counterweight 2 of reduced weight.
Furthermore the following advantages are also available.

1. Although the drive device is installed conventionally

only in a machine room, an upper portion of a path of



sheave 43 for a counterweight 2. 20 Accordingly, the tension of the rope 3
acts on the franme 120 of the drive device 100, driving the two rollers 121,
121 toward the sheave 42. Wth this novenent, the belt 122 is strongly
pressed into contact with a circular-arc region of the rope 3 as reeved
around the sheave 42, thereby giving 28 sufficiently great tension to the
belt 122. As a result, a great fricti force is produced between the
belt 122 and the rope 3, driving the r pe 3 without causing slippage

bet ween the rope and the belt 122. 5 Like the drive device shown in FIG

15, a drive device 100 shown in FIG, 20 conprises a belt 132 extending
around f JRVeItterdf e efgvatess, Piﬁlorﬂa%%el%w ehle devicmcamPe 131
are rotatably supported on a frame 130, which is supported so as to be
nmovabl e tmﬁaﬁfﬂ]&faﬁawnﬂ’r decatinBasecerding thethe sHVerstidlas a free end,

to which a rope socket 124 is attached, with a conpression spring 123
acting ther ebed wédmcee] dgihgedope ﬂhedrépens@ekhelQZMti@ s it gfegd omope 3
extendi ng around a sheave 43 for a counterwei ght 2. Accordingly, the

t ensi on ofhdrdeofr,opthe3 raptes isnlekes bnadendd, 13€rmittirey drdey e filerardeus00,
driving the four rollers 131, 131, 131, 131 toward the sheave 42. Wth this
nmovenent ,mdteerikdld, E3I2h assttrengby ptesiedsyintioecontfidend tdnd circul ar-arc
region of the rope 3 as reeved around the sheave 42, thereby giving

suffici endynrrEtEal de®idison fo@ the bepé.132. As a 20 result, a great
frictional force is produced between the belt 132 and the rope 3, driving
the rope 3 w thoutheL ddpiveltional drive device using a traction sheave
needs to support the weight of the cage and the counterweight
and is therefore large-sized, whereas the drive device of the
10 invention need not support the weight of these components and
can therefore be compacted and reduced in weight.
Furthermore, the drive device can singly be removed or
installed and is easy to replace.
4. The cage 1 and the counterweight 2 which are reduced
15 in weight permit use of a drive motor 52 of smaller capacity,
which results in reduced power consumption.
5. An increase in the pressure to be exerted by the
drive device 5 increases the force for driving the rope 3.
This makes it more likely that the chain or rope to be used
20 as a counterbalance can be dispensed with, hence improved
safety or reliability.

Apparatus Comprising Drive Device of Circular-Arc Drive Type

FIGS. 15 to 22 show examples of elevator apparatus of

the invention wherein a drive device of the circular-arc



sl i ppage between the rope and the belt 132. FIG 21 shows a drive device
100 corresponding to the drive device shown in FIG 20, in which a |ever
mechani sm 140 29 is interposed between the free end of the frame 130 of
t he device and one end of the rope 3. The | ever nechani sm 140 has an arm
portion 140a carrying a rope socket 124, with a conpression spring 123
acting therebetween. One end of the 5 %ﬁpe 3 is joined to the rope socket
124. The | ever mechani sm 140 converts e tension of the rope 3 to a force
for driving the franme 130, with the portion of the |ever nechanisn1140

connected tp the end of the r ervi a fulcruma g S
por 1 on (HeTEbf I dsad Ao -10F Lhe 15 CRLOR DT (HATHES 40 JseMOLRG as t he
point of application. In this way, the tension to be given to the belt 132
i s adj ustb¥ REPE A8 g r?ag"‘ﬁelaﬁfﬁe‘lefiGsP?Qe@h%Fvsa SRRF I e i 1100,
wherein a pivotal arm 156 is di sposed above a sheave 42. The pivotal arm
156 has a¥ithinse Ratd afppevesgntyod sheoelesatonsi (henddiye deypeefied
| evel on a beam 150, and a forward end 158 of the pivotal arm 156 bi ased
upwar d byl @0 sganibiy skEg0 .a kedit 28R sesvedlaresnd fogr neUlens Iflovilddd with a
belt 155 reeved therearound and positioned around the sheave 42. Anong
t hese o ol 1&k 5,10k 2ranged @lloags thel outss perophesytef sthessheave otZt abl y
supported by the beam 150 and positioned each at a specified |level, and the
two i nwarahd d Ineytorl 32,3 tolipded tot ahabkylleppbdledaniynd hehepinadtlarsar m 156.
Wth this drive device 100, the pivotal arm 156 is biased countercl ockw se
by the sprapbiht one-half of the circumferential length of the belt 102
is curved in a circular-arc form along the outer periphery of
the sheave 42, pressing circular-arc regions of ropes 3 as
10 reeved around the sheave 42 against the sheave 42. When the
belt 102 is revolvingly moved by driving the motor 103, the
ropes 3 are driven by a frictional force acting between the
belt 102 and the ropes 3.
FIG. 16 shows a drive device 100 having a motor 104
15 serving as a drive source and installed in a hollow space
formed in the center of a sheave 42. A drive pulley 105 is
mounted on the output shaft of the motor 104, and the
rotation of the drive pulley 105 is transmitted to a driven
pulley 106 by a belt 107 as seen in FIG. 17. A roller 10la
20 shown in FIG. 16 is connected to the driven pulley 106. The
rotation of the motor 104 is transmitted to the roller 10la
via the drive pulley 105, belt 107 and driven pulley 106,

whereby a belt 102 is rotated revolvingly to drive ropes 3 in

frictional contact therewith.



30 159, whereby the inward two rollers 152, 153 are pushed up to tension
the belt 155. FIG 23 shows another drive device 100, wherein a sheave 42
is attached to a frane 160, and rollers 161, 162, 163 are 5 arranged
respectively at three locations, i.e., above and at opposite sides of the
sheave 42. A belt 164 is reeved around these rollers 161, 162, 163 for
pressing ropes 3 as reeved around the eave 42 agai nst the sheave 42 by
the belt 164. Coupled to the upper rolTer 161 is a notor (not shown) 10
nounted on the rear side of the frane 160. The rollers 162, 163 at opposite
sides are each nounted so as to be adjustable in |level by a position

adj usting nechedi sméehowphe Ceddrodesicené0fel vhavain 2 Rflistlddl sy
varying the level. The el evator apparatus incorporating the drive device of
15 the ci¥esved -aqungl itne thpddefgs liRe dife andantmeiesr akld Hes drive devi ce
of the straight drive type, and can be sinpler than the latter in the

const r uct¢auplofd tive adve v ddei collSiracdéll. bdlouts queedsdd adaithst t he
circular-arc region of a rope as reeved around a sheave of |arge dianeter,
it is 20 qinseinferdrdiraddlendthe ofaghiet bdbtahtl vas i @atirwsd riat e of specific
pressure acting between the belt and the rope. Wen theoretically

cal cul5at egh, r dulea rredianformalalenaf thpeeutee peespheey o3f eacdheaivd e ,r ope
surface and the belt surface is about 4 MPa in the case of the straight

drive typsresdithd M rcudbr-arc regions of ropes 3 as reeved around the

A

sheave 42 against the sheave 42. When the belt 111 is
revolvingly moved by driving the motor 112, the ropes 3 are
driven by a frictional force acting between the belt 111 and

10 the ropes 3.

Like the drive device shown in FIG. 18, a drive device
100 shown in FIG. 19 comprises a belt 122 reeved around two
rollers 121, 121. The two rollers 121, 121 are rotatably
supported by a frame 120, which is supported so as to be

15 movable toward or away from a sheave 42. The frame 120 has a
free end carrying a rope socket 124 thereon, with a
compression spring 123 acting therebetween. Joined to the
rope socket 124 is one end of a rope 3 extending around a
sheave 43 for a counterweight 2.

20 Accordingly, the tension of the rope 3 acts on the frame
120 of the drive device 100, driving the two rollers 121, 121
toward the sheave 42. With this movement, the belt 122 is
strongly pressed into contact with a circular-arc region of

the rope 3 as reeved around the sheave 42, thereby giving



maxi mum val ues of specific pressures of the rope surface and the belt
surface are snmaller and are respectively about 2 MPa and about 1 MPa in the
case of the circular-arc drive type. This serves to preclude the damage to
be caused to the belt 5 and the rope to ensure a prolonged life.
Furthernore, the drive device of the circular-arc drive type, which is
sinpler in construction than the devig& of the straight drive type, is

di mi ni shed i n nechani cal | osses, theréfore permtting use of a notor of
smal | er capacity and 10 achieving a reduction in power consunption. Wen
theoretically cal cul ated, the power transm ssion efficiency of the drive
devi ce ofs%ﬁﬁgQﬂQQ%lghﬂr&PFvéeP§b@nlEOaBB%tbQQﬁmlgﬁnj fiaf 6ESBhE/ dRive
device of the circular-arc drive type is as high as about 95% 15

Fur t her nigxgaty He igglirnedndoreat LAgpraduded eeisane cthsf bedd dizZcamdyr - arc
drive type is pressed against the circular arc region of the rope by virtue
of the tens aopehdredfriving bbet repe 8 hektorte dausing Isdrivpadehi ckness t han
when the belt is pressed by pressing rollers of small dianeter as is the 20
case Wt tbhdthealr ithe depiecandf thhebsitaight drive type. Thus, the rollers
for driving the belt can be reduced in dianeter and the drive notor to be
used Gdan be ofLixmalther deapacdeyicdhehowm sin tEIde 17,0dUcEd vy dielrécdri ve
device of the circular arc drive type is nmuch snaller, while the device can

be 32 nEiotsdowed isaFIsl agbobbhyrid8s Aesdpni 53N AixtANEMRY WS othdt he
present invention is not limted to the foregoi ng enbodi nents in
constructdfy M¥11ers 131, 131, 131, 131. These rollers 131, 131, 131,
131 are rotatably supported on a frame 130, which is
supported so as to be movable toward or away from a sheave 42.
10 The frame 130 has a free end, to which a rope socket 124 is
attached, with a compression spring 123 acting therebetween.
Joined to the rope socket 124 is one end of a rope 3
extending around a sheave 43 for a counterweight 2.
Accordingly, the tension of the rope 3 acts on the frame
15 130 of the drive device 100, driving the four rollers 131,
131, 131, 131 toward the sheave 42. With this movement, the
belt 132 is strongly pressed into contact with a circular-arc
region of the rope 3 as reeved around the sheave 42, thereby
giving sufficiently great tension to the belt 132. As a
20 result, a great frictional force is produced between the belt
132 and the rope 3, driving the rope 3 without causing
slippage between the rope and the belt 132.

FIG. 21 shows a drive device 100 corresponding to the

drive device shown in FIG. 20, in which a lever mechanism 140



can be nodified variously wthin the technical scope defined 5 in the
appended cl ai ns. For exanple, the belt to be brought into frictional
contact with the rope for driving need not always have a recessed curved
contact face which is circular arc in cross section, but a grooved surface
of V-shaped cross section or one of various other cross sections is
simlarly 10 useful. On the other ruﬂu59it is effective that the belt
surface to be in contact with the roll’ér be mrror-finished so as to ensure
an inproved degree of intimate contact with the roller. The belt for
driving the rope by frictional contact tharemﬁth can be conmposed of a

i

pl ural i t YLD 1B EPOEs D iRsdaeed Figed PR §0Hi PECEHR® NI B RohthAT tidha he
| ongi tudinal direction of the rope 3 so_as to use each of the belt pieces
in cont acieVith Vit W £ @falthey reper dpesTie R%sst asherig™hildA t ensi on
and high strength can be incorporated in the belt for driving the rope by
frictiondtaRProHmdECRHONeWi40R, cangyYing Berepreusdaket | BAr Widha in
contact with the rope can be made froma material having abrasion
resi st anceompdxs torofspnilng 1@gerpcstingctheeebstwsed ul Onei endcodipchses, for
exanple, a layer of chloroprene rubber, a |layer of polyam de woven fabric
and ajl ayespeof3 1833 cimed docdhe. rbpet keckhatei2éls to be used for the rope
and the belt have the same nodul us of longitudinal elasticity (spring
constant), di mhd dhacksrcppane sw LHOr eshlrérbet veent éhei dnwe Meiieespelhe
advant age of suppressed wear is then 5 available. A tension nenber in the
form of a3 beld ta csrdee fivsedriiRing the frame 130, with the portion of
the lever mechanism 140 connected to the end of the rope 3
serving as a fulcrum and with the portion thereof opposed to
10 the free end of the frame 130 serving as the point of
application. In this way, the tension to be given to the
belt 132 is adjusted to a suitable magnitude.
FIG. 22 shows a drive device 100, wherein a pivotal arm
156 is disposed above a sheave 42. The pivotal arm 156 has a
15 Dbase end supported by a pivot 157 positioned at a specified
level on a beam 150, and a forward end 158 of the pivotal arm
156 biased upward by a spring 159. Four rollers 151, 152,
153, 154 are provided with a belt 155 reeved therearound and
positioned around the sheave 42. Among these rollers, the
20 two rollers 151, 154 at opposite sides are rotatably
supported by the beam 150 and positioned each at a specified
level, and the two inward rollers 152, 153 are rotatably

supported by the pivotal arm 156. With this drive device 100,

the pivotal arm 156 is biased counterclockwise by the spring



pl ace of the rope 3 serving as a tension nenber. Use of a belt having the
sane structure as descri bed above especially leads to the sanme nodul us of

| ongi tudi nal elasticity (spring 10 constant) between the belts to be in
contact with each other, and to the advantage of reduced slippage and
suppressed wear. The notor for driving the belt need not always be coupl ed
to the center shaft of the roller as own in FIG 2 or 15, but can be
housed in the roller for driving the roller 15 frominside. The drive
device of only one type, i.e., the drive device 5 of the straight drive
type or the drive device 100 of the circular-arc drive type, can be

i nst al | edl 237 &REFeHY $he drarrdy tHP F8eaeTont 2 orl e P ahehdtn types
can be used in conbination. 20 The reciprocatingly novabl e body drive
mechani snf&ts ke they&etlitod 5Ps not linited only for use in el evator
apparatus of the type novable upward or downward wherein a cage and a
count er wei ght EiGe &3 shgtd anospposfrévei devics H&crhsueizbevshelpye can be
used also in el evator apparatus of the 34 horizontally novabl e type,
el evat or 4&bpay athiisaoblest dion ac dgeweail €0ar andgedl kespekil vel62 0l éSppasi t e
si des, cable railways, ropeways, etc. 35 CLAIMS 1. A reciprocatingly
novablse batharydds ecavpecaiivetycatpihseaglacéehsnon imsherabave lamd atm of a
rope or belt for
opposite sides of the sheave 42. A belt 164 is reeved around
these rollers 161, 162, 163 for pressing ropes 3 as reeved
around the sheave 42 against the sheave 42 by the belt 164.
Coupled to the upper roller 161 is a motor (not shown)
10 mounted on the rear side of the frame 160. The rollers 162,
163 at opposite sides are each mounted so as to be adjustable
in level by a position adjusting mechanism 165. The tension
of the belt 164 is adjustable by varying the level.
The elevator apparatus incorporating the drive device of
15 the circular-arc drive type has the same advantages as the
drive device of the straight drive type, and can be simpler
than the latter in the construction of the drive device.
Since a belt is pressed against the circular-arc region of a
rope as reeved around a sheave of large diameter, it is
20 possible to reduce the magnitude and variation rate of
specific pressure acting between the belt and the rope. When
theoretically calculated, the maximum value of specific

pressure of each of the rope surface and the belt surface is

about 4 MPa in the case of the straight drive type, and the



reciprocatingly driving a reciprocatingly novabl e body, and a 5 drive
device for driving the tension nenber longitudinally thereof while pressing
a specified region of the tension nenber sideways in contact with the
tension nenber. 2. A reciprocatingly novable body drive nmechani sm according
to claim1l wherein the tension nenber has at | east 10 one regi on extending
on a straight line, and the drive devifﬁ presses the straight region of the
tensi on nenber in contact with the straight region. 3. A reciprocatingly
novabl e body drive mechani sm according to claim 1l wherein the tension
menber is reeved 15 around at | east one sheave nd the drive device is in

contact WWPUHTR Yl Hes Of SPESGitA BFSERBrEBNST o SreriRe S fass &r ound
t he sheave for pressing the circular-arc regi on agai nst. the sheave. 4. A
reci pr ocatthdr8L trovHiacCeHEdE dFRdé ehe@RAnPE POSRREHH Y akruny e of
claims 1 to 3 wherein the drive device conprises a belt transm ssion
di sposed andmfxiute I MPa disithe wesbepfakbier eybewl et ar erolzaibiee talbeng a
t ensi on nenber extension route, a pressing nechanismfor pressing a belt
surface dfhihesdyates thoapeicdsiden that danageatt e t¢tntdad t@Bheedsildn nmenber,
and a drive notor for driving the belt transm ssion. 5. An el evator
appar &t usamdbnrd stapge o enispirecat pmgllyngedabl £ebody reci procati ngly novably
provided in a path of 5 reciprocating novenent, and a nechani sm for
reci procat i nglBurthhesneg ef, he heodyivehdeel ewad dr tlap pad pdulsabaintg drive
characterized
type, which is simpler in construction than the device of the
straight drive type, is diminished in mechanical losses,
therefore permitting use of a motor of smaller capacity and
10 achieving a reduction in power consumption. When
theoretically calculated, the power transmission efficiency
of the drive device of the straight drive type is about 70%,
and that of the drive device of the circular-arc drive type
is as high as about 95%.
15 Furthermore, the belt constituting the drive device of
the circular-arc drive type is pressed against the circular-
arc region of the rope by virtue of the tension thereof. The
belt can therefore be smaller in thickness than when the belt
is pressed by pressing rollers of small diameter as is the
20 case with the drive device of the straight drive type. Thus,
the rollers for driving the belt can be reduced in diameter
and the drive motor to be used can be of smaller capacity.

The noise to be produced by the drive device of the circular-

arc drive type is much smaller, while the device can be



in that the reciprocatingly driving nmechani smconprises: a sheave di sposed
at a predetermned level, a tension nenber in the formof a rope or belt
and 10 extending along a path around the sheave, and a drive device for
driving the tension nmenber in engagenent therewith by pressing a specified
| ongi tudi nal region of the tension nenber sideways. 6. An el evator
apparatus according to claim5 mherei%215 the drive device presses a
straight region of the tension nmenber "éxtending on a straight line. 7. An
el evat or apparatus according to claim6 wherein the drive device conprises
a belt transm ssion dispaosed al ongsi de the tension nmenber and revol vingly
movabl e d?%ﬁﬁf%%%ﬂ?'F@ﬁ&ﬁéﬁcﬁgﬁﬁiV'extension route, a pressing mechani smfor
pressing a surface of a belt of the belt transmi ssion into contact with the
t ensi on nenberTheymechaddiste oFpeBPFBEVEr P HRe tPee TRt IV EedHic®siién. 8. An
el evat or apparatus according to claim7 wherein 37 the drive device
conpri sehet sdadfedhdlot theadonegsing poRPHimeRES an opprdadatd omhdusel t
transm ssion, and the tension menber is held between surfaces of belts of

t he respewm:n ke eldi fieghyairdouehy Wibhinpphsiteckiidesl cfcapee de fiiawedi on
menber. 9. An el evator apparatus according to claim7 or 8 wherein the belt
provi di ngirt hehebalppendads cilasmen hasr ae:gmedwsd ther biedt éwxt Badbagught

| ongi tudinally of the tension nmenber and in contact with the tension
menber. into frictional contact with the rope for driving need not

always have a recessed curved contact face which is circular-
arc in cross section, but a grooved surface of V-shaped cross
section or one of various other cross sections is similarly

10 useful. On the other hand, it is effective that the belt
surface to be in contact with the roller be mirror-~-finished
so as to ensure an improved degree of intimate contact with
the roller. The belt for driving the rope by frictional
contact therewith can be composed of a plurality of belt

15 pieces divided in a direction orthogonal to the longitudinal
direction of the rope 3 so as to use each of the belt pieces
in contact with one or a plurality of ropes 3.

A core having high tension and high strength can be

incorporated in the belt for driving the rope by frictional

20 contact therewith, and the belt surface layer to be in
contact with the rope can be made from a material having
abrasion resistance. A belt of multilayer structure is
useful which comprises, for example, a layer of chloroprene

rubber, a layer of polyamide woven fabric and a layer of



10 10. An el evator apparatus according to any one of clains 7 to 9 wherein
the belt providing the belt transm ssion conprises a plurality of belt

pi eces arranged side by side in a direction orthogonal to the |ongitudinal
direction of the tension nenber, and each of the belt pieces is in contact
15 with one or a plurality of tension nmenbers. 11. An el evator apparatus
according to any one of clains 7 to 1% wherein the belt providing the belt
transm ssi on has i ncorporated therein core having high tension and high
strength. 20 12. An el evator apparatus according to any one of clains 7 to
10 wherein the belt providing the belt transm ssion has a nultil ayer
struct ur TN HFd shff hke m%§%¥l¢¥§(ﬁﬂnQﬁnu%ﬂqI?OFhéhFeﬁ§P8naﬁ€nber and
made of a material having abrasion resistance. 38 13. An el evator

appar at usth dldi dgpveo thiey some Bpdulupnef 71engitudiralei ol asid didin

transm ssion conprises a main belt (6) reeved around a pair of rollers

(53) (54), (spuinchequsdsgitng déohansbadcohpppaes wi blbbedul tt reatsveiessi on
provided 5 by a pair of rollers (64)(65) arranged inside the main belt ( 6)
and a subiied ttwo GiempberseveThar advahtdme raf |enprestGld) weatSiy thanplurality
of pressing rollers (68) arranged inside the subbelt (62) and spring neans
for prsessavygiltddenressing rollers (68) against the nmain belt (6). 10 14. An
el evat or apparatus according to claim 13 wherein an outer periphery of the

main belt (6) mnrdn¥idnniehbeer LRNEhY ebrhher subbeld dfR)bhared aspective
grooved
place of the rope 3 serving as a tension member. Use of a
belt having the same structure as described above especially
leads to the same modulus of longitudinal elasticity (spring
10 constant) between the belts to be in contact with each other,
and to the advantage of reduced slippage and suppressed wear.
The motor for driving the belt need not always be
coupled to the center shaft of the roller as shown in FIG. 2
or 15, but can be housed in the roller for driving the roller
15 from inside. The drive device of only one type, i.e., the
drive device 5 of the straight drive type or the drive device
100 of the circular-arc drive type, can be installed at each
of a plurality of locations, or devices of the both types can
be used in combination.
20 The reciprocatingly movable body drive mechanism of the
invention is not limited only for use in elevator apparatus
of the type movable upward or downward wherein a cage and a

counterweight are arranged at opposite sides as described

above, but can be used also in elevator apparatus of the



surfaces nmeshable with each other. 15. An el evator apparatus according to
claim13 or 14 15 wherein the drive notor is coupled to a center shaft of
one of the pair of rollers ( 53 ) ( 54 ) . 16. An elevator apparatus
according to claim13 or 14 wherein the drive notor is coupled incorporated
in one of the pair of rollers (53)(54). 20 17. An el evator apparatus
according to any one of clains 7 or 16, wherein the belt transm ssion
conprises a chain (7) reeved around a ‘pair of chain sprockets and a
plurality of pressure menbers (71) arranged on the chain (7) over the
entire per g reof nd each of the ressure nenqﬁ? ., 39 (71) is
provi ded 5 oy 2. @e t¥REend ﬁ{‘jaFB gFPRRYT 1S YRAT YT G3GESi on
menber and shaped in conformty with the cross section of the tension
nenber, tHee rFTENEES LESPeSLIVRAY NGt ARPRS} te stk dere. caPlig radd wavsvat or
apparatus according to any one of clainms 7 or 17 wherein the pressing
mechani siE@RNAYSeLtEn adj usti ng mechani smfor giving an adjusted pressure
in accordance with the weight of a cage. 19. An el evat or apparatus
according to claim 18 wherein 10 the adjusting nechani sm conprises a power
transm ssion utilizing the tension of the tension nenber as notive power
for exerting pressure on the belt surface of the belt transm ssion. 20. An
el evat or apparatus according to any one of clains 15 6 or 19 wherein the
drive device is disposed inside the path



of reciprocating novenent.

of clains 6 or 20 wherein the drive device is disposed at each of a
plurality of |ocations along the tension nenber extension 20 route. 22. An
el evat or apparatus according to claim5 wherein the drive device is

provi ded for the tension nenber as reeved around at | east one sheave

di sposed al ong the tension nenber extgﬂ§ion route to press a circular-arc

region of the tension 40 menber against the sheave. 23. An el evator

apparatus according to claim22 wherein the drive device conprises a belt

21. An el evator apparatus according to any one

revol vingly novabl e whil e being preﬁaﬁgp&gainst the circular-arc region of

the tension 5 nenber, a plurality of

rs arranged along a path of

revol vi ng novenent of the belt, and a drive notor for rotatingly driving at

| east one of the & JacdPEocakinglvepayabbde Bpdwrdtie
wherein the belt has a grooved portion extending |ongitudinally of 10 the
tensi on rROARGLIHMY ion teHFELB: MGMPRT AR ERAsTorm mehierroms orabediteF@or

apparatus according to claim23 or 24 wherein the belt conprises a

pl ural it yresfidnsiqatgingdes dxivanged sedépbycatirgln moihlethosty ornidogonal
the longitudinal direction of the tension nenber, and each of the 15 belt
pi eces i dnive alevcte iorthdonegiog &hpl tenbioy némbensiayinemdered 1y26. An

" to claim23

to

el evat or apparatus according to any one of clains 23 to 25 wherein the belt
has i ncoryiogrados wihidleeipred sétayea specified region of the tension

10

15

20

member sideways in contact with the tension member.

2. A reciprocatingly movable body drive mechanism
according to claim 1 wherein the tension member has at least
one region extending on a straight line, and the drive device
presses the straight region of the tension member in contact
with the straight region.

3. A reciprocatingly movable body drive mechanism
according to claim 1 wherein the tension member is reeved
around at least one sheave, and the drive device is in
contact with a circular-arc region of the tension member as
reeved around the sheave for pressing the circular-arc region
against the sheave.

4. A reciprocatingly movable body drive mechanism
according to any one of claims 1 to 3 wherein the drive
device comprises a belt transmission disposed alongside the
tension member and revolvingly movable along a tension member
extension route, a pressing mechanism for pressing a belt

surface of the belt transmission into contact with the



havi ng hi gh tension and high strength. 20 27. An el evator apparatus
according to any one of clains 23 to 26 wherein the belt has a nmultil ayer
structure, and a surface layer in contact with the tension nenber and nade
of a material having abrasion resistance. 28. An el evator apparatus
according to any one of clains 41 23 to 27 wherein the drive device
conpri ses a nmechani smfor tensioning pﬂ@ belt. 29. An el evator apparatus
according to claim28 wherein the tensioning nechani smconprises a frane
(130) supported so 5 as to be novable toward or away fromthe sheave, the

plurality of rollers bei%% rotatably suggorted by the franme (130), and the
tensi on MO REeMHeE re A9 GnAELVEI™PECE Freedehding thfe Heldne (130). 30.

An el evat or apparatus according to claim28 wherein 10 the tensioning
mechani st RBHPHISEEPa frame (130) supported so as to be novable toward or
away fromthe sheave, the plurality of rollers being rotatably supported by
the frame (130). An¢levadear appelaflsnFeMED)sirg | oV diar sbiged Ya free end
of the frane (130) and one end of the tension nmenber. 15 31. An el evator
appar at usnacdoradibogiyt aeclipiroc28 ingéy einovabiy t eneviotddginrec lpartibs mfconpri ses
an arm (156) supported so as to be novable toward or away fromthe sheave,
t he adm (d&f)presiatyng astvieoahlity bhdsedméohamdsma £hr aodcigr i fglgm t he
sheave, and a plurality of rollers included anong the 20 plurality of
roll ers aisliworf ttheneddsgt, @pposilteatodsappatdicudryairgr roidradftarilzedrs are
rotatably supported each at a
in that the reciprocatingly driving mechanism comprises:
a sheave disposed at a predetermined level,
a tension member in the form of a rope or belt and
10 extending along a path around the sheave, and
a drive device for driving the tension member in engagement
therewith by pressing a specified longitudinal region of the
tension member sideways.
6. An elevator apparatus according to claim 5 wherein
15 the drive device presses a straight region of the tension
member extending on a straight line.
7. An elevator apparatus according to claim 6 wherein
the drive device comprises a belt transmission disposed
alongside the tension member and revolvingly movable along a
20 tension member extension route, a pressing mechanism for
pressing a surface of a belt of the belt transmission into
contact with the tension member, and a drive motor for

driving the belt transmission.

8. An elevator apparatus according to claim 7 wherein



predeterm ned | evel relative to the sheave, the arm (156) rotatably
supporting thereon one or nore rollers positioned inwardly of the roller
arrangenent . 42 32. An el evator apparatus according to any one of clains
22 to 31 wherein the drive device is provided inside the path of

reci procating novenent. 33. An el evator apparatus according to any one of
clainse 5 22 or 32 wherein the drive deyj ce is disposed at each of a
plurality of | ocations along the tensi’on nmenber extension route. "VI MIUL'
i ~omaaw~an 43 inesrum~=r~r * m- z* The invention provides an el evator
apparatus conprising g cage 1 disposed inside a path of upward or downward

nmoverent Y% 1459 FEHhAEHICPTPE 18660 PePREPEAL LSl b et ¥2RSMSS B hpyvabl e with
t he upward or downward novenent of the cage 1, and a lift drive mechani sm
for drivikrsitHonatas) opprecd sp §8anRatl. tuaesmisvEohve dthitha conpri ses a
sheave 42 di sposed inside the path, ropes 3 extending along a route around
t he sheaveengiommenpeadr iive hgddi betveen snplgesenet Wwelts e rtdyges 10 3. The
drive device 5 conprises a belt transm ssion provided al ongside the ropes 3
and revolmesghatime delle dremgmtilseipppefrom opposite sides of the
5 tension member.
9. An elevator apparatus according to claim 7 or 8
wherein the belt providing the belt transmission has a
grooved portion extending longitudinally of the tension
member and in contact with the tension member.
10 10. An elevator apparatus according to any one of claims
7 to 9 wherein the belt providing the belt transmission
comprises a plurality of belt pieces arranged side by side in
a direction orthogonal to the longitudinal direction of the
tension member, and each of the belt pieces is in contact
15 with one or a plurality of tension members.
11. An elevator apparatus according to any one of claims
7 to 10 wherein the belt providing the belt transmission has
incorporated therein a core having high tension and high
strength.
20 12. An elevator apparatus according to any one of claims
7 to 10 wherein the belt providing the belt transmission has
a multilayer structure, and has a surface layer in contact

with the tension member and made of a material having

abrasion resistance.



extension route, a nechanismfor pressing a belt surface of the belt
transm ssion into contact with the ropes 3, and a drive notor for driving
the belt transm ssion. The cage can 15 be driven upward or downward wi t hout
usi ng any traction sheave, while the cage can be reduced in weight.
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21. An elevator apparatus according to any one of claims

6 or 20 wherein the drive device is disposed at each of a
plurality of locations along the tension member extension
20 route.
22. An elevator apparatus according to claim 5 wherein
the drive device is provided for the tension member as reeved
around at least one sheave disposed along the tension member

extension route to press a circular-arc region of the tension
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The invention provides an elevator apparatus comprising

a cage 1 disposed inside a path of upward or downward
movement vertically movably, a counterweight 2 vertically
movable with the upward or downward movement of the cage 1,
and a lift drive mechanism for driving the cage 1 upward or
downward. The drive mechanism comprises a sheave 42 disposed
inside the path, ropes 3 extending along a route around the
sheave 42, and a drive device 5 in engagement with the ropes
3. The drive device 5 comprises a belt transmission provided
alongside the ropes 3 and revolvingly movable along the rope
extension route, a mechanism for pressing a belt surface of
the belt transmission into contact with the ropes 3, and a
drive motor for driving the belt transmission. The cage can
be driven upward or downward without using any traction

sheave, while the cage can be reduced in weight.



