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DRI VE MECHANI SM AND ELEVATOR APPARATUS | NCORPORATIG\Eebyruarys 2004HNI CAL FI ELD
The present invention relates to a mechanismfor reciprocatingly driving a

reci procatingly novabl e body, and el evator apparatus conpri si ] m
for reciprocatingly 10 driving a cage ichis reciprocatinglmWMﬂwmmmMMMIﬁ

di sposed in a path of reciprocating novenent. BACKGROUND ART For }g&gh N
such el evator apparatus, a lift drive nechanismis already known which

conprises, as shown in FIG 15 24 @@mwm

a Flurality of ropes 3 ree
plurality of sheaves, such as a PFAEIFERATE@Mve 9 rotatingly mm Mﬂﬂﬂ
drive notor 91 and direction changi ng sheaves 4, 43 attached 10 d I
and a counterwei ght 2, and having fixed opposite ends 31, 32 for it¥i"hg the
cage 1 and the counterweight 2 20 upward or downward in opposite directions
to each JtH{FROGATINGAY MONHBLErBaDYPRIVE MREHANISM ANDhELENGEOR,
counterweight 2 and lift drive nmechani sm described are arranged in a lift
pat h 10,3ﬁ%@3§£@§ INCORFORAETNGYSEME de rails 14, 14 for upward or downward
novenent, and the 16 February, 2004 2 counterweight 2 is guided by guide
rails315, 15 for upward or downward novenent as shown in FIG 25. The drive
not or 91 has connected thereto an unillustrated control circuit for
control | iTRfHNI€AlpwWaAEd.Dand downward novenent of the cage 1 5 and stopping
of a cage door 11 at a position coinciding with a floor door 12. Wth the
conventional dhevareseaRPahdbhtiSHOMN d¥ed ! 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



24 and 25, the rope 3 reeved around the traction sheave 9 nust nove with
the rotation of the sheave 9 without slipping 10 16|Bgbruary,200& sheave 9
while the traction sheave 9 is being rotated by the drive notor 91 to nove
the cage 1 upward or downward. For this reason, the prior art has -
encountered problens such as difficulty in reducing the weight of the cage
1. 15 To render the rope 3 of the convéntional el evator 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 tensi GRGULETHR thiereds guidedwkbyi guife rabls i e, rd afomngvard26rof

Mat hemati cal Expression 1 (Eytelwein) needs to be satisfied, assum ng that:
the coef f fYR¥RrdmIvemento s shehwwan inh&IEr a26i oThsheaieredmandrt be rope 3 is
a and that the angle of the rope 3 reeved around the sheave 9 is A

( Mat henat Reg| cmgratss dhereto 38 Babdlasyrafe@icén T2 lciS @ W Suppose
the tension T1 on the slack side is due to the weight of the cage 1. Wen a

smal | nuntertudl kiags dmgeupware iand: dewhaged lmovrégek€nst ohd ledge gmal |, and
the rope 3 is 5 1likely to slip, failing to satisfy the relationship of

Mat herfat i gad Sbqpreisej @f b chgle @6dEPNe, aSURPESSL t1h G i ditiehdi chas
wei ght of 1500 Kg, the | oading capacity of the cage is 1000 Kg, and the

wei ght ofatfkos®wWdar wei.ght 2 is the weight of the cage 1 plus 50% of the
| oadi ng capacity. The 10 left side nenber of Expression 1 has the follow ng

val ues when t hgmeidl hv nS 12 (.S 4f ul | oaded.
(Mat hemati cal Expressions 5?%$§?%% Eﬂ%ggggiggﬁﬁig%&ggqggn#ﬁﬂfﬁEQ%ESOOI2000
= 1.25 | f24 hgngweigght a it S € uced,to 10Q0 Kg, the
val ues of Nhthené?igﬁ%féggﬁegs?%ﬁieg %?éﬁgg ?%?I%%é§¥%#au§ﬂﬁﬁ¥ﬁ al

Expressi ongs 8)meafe TA/thl thel 20041984 5F]}tgFTI§{r1]éréLve: 3 Ov(v)i /lril'OSu 0 s:lizlL)p?i:r)’lgThus’ a

change in the weight of the cage Itse

10 relative to the sheave 9 while the traction sheave 9 is being
rotéted 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 u and that the angle
-0of the rope 3 reeved around the sheave 9 is 0.

(Mathematical Expression 1)



the weight of load greatly varies the value of the left side nenber (T2/T1)
of Expression 1 to be satisfied. This value 16 R60Febmuarg,2004 | ncreases
especially faith a reduction in the weight of the cage 1, giving rise to
the problemthat the cage 1 cannot be reduced in weight. It is therefore
conventional practice to attach a weight 5 to the cage 1 so as not to
permt the rope 3 to slip even when the cage carries a small nunber of
passengers. This gives increased weight to the cage 1 itself. The increase
in the weight of,the cage 1 itself gives rise to the problem of nmaking the
lift drive mecHdmsm (Y& °§)zed and heavier. 10 Furthernore, the drive
notor 91 serving as the power source for the |ift drive nmechanismis given
an increased cBiRIs theorsagiont T} pasthei aack $hde ciasathepdwerthe
consunption and also entailing the problemof necessitating space for the
i nst al | atwekghlf athdhdr icagendt.or Widdn v srie e comitse iy reefapals sengdbs - agéze. An
obj ect of the present invention is to overcone all the foregoi ng problens
by provi dimgthe drigee Inedi@nitemstapablieisf smeti pr esat ik popd iaviikg a cage or
| i ke nmovabl e body wi thout using any traction sheave and an el evator
appar &t usli2felof tdesligyelfaiading’ @6akh8gsdyi YRet ¥OEabBi NS g dri ve
mechani smincorporated therein. DI SCLOSURE OF THE | NVENTI The present
"I nvent i Qe tHend tdiesa la Bx@iiedsQoat 109l yoFovadl 0 J\e c LS whi ch
conprises a tension rrerr}%ﬁrlr in the 16 Febr urglr%/)', 2(5%%5\543 %:g?mgggéainr ope or
belt for jesdipf o vidlghtdigfVi aRKECEREO i Y, ] - and a
drive device for drivi r%1 t r?'e tlgggi gg'n%ﬁ%e?a%ggg%t%%?a%ﬁ@ ﬁg?{léaof whi | e
pressi ng @ j fqi regi heg & i i VS J gntact 5
N Th the ahermy TR I e s BehgHE 02 FRECLuTt SRR % BRTSR%: i
t ensi on i Wiqt e r akg reql Alternative t he
NSRRIt 1 A @GlgeWiyt ?F‘ihg 58% 8?5 Phe fgégfn% ca&ﬁacilﬁté(.t ejﬁg?o

drive device is in contact w a circular-arc region n menber

f k he_ci | ars ' [ inst th
10 <hitve 47 R RIS AL EaBEERR1 O 1 Bef  BER P LB de B e on
nmber b | Glyl |5 t therew th t her eb [ atingly dri th
movabl e B T A o aeeiiif ke, Fod FAR RS GOE el 1

transm ssj on, di sposed al ongsi de the tension nmenber and 15 revol vingly

novabl e & %%%eda' tensi on nenber extension route, a pressing nechanismfor
pressi ng belt surface of the belt transm ssion into contact with the

t ensi on n&‘?&é}?m&}f&aj JRRFESPAOBE £or driving the belt transnmission. The
present invention provides' an elevator apparatus 20 which conprises a

reci procat i ngl /ol ab129%dd¥00eci prd8ati ngly novably provided in a path of
reci procati ng novenent, and a nmechanismfor reciprocatingly driving the
body.19The recit#/d0ats RHAP /009 mglmBEhani sm conprises a sheave di sposed at
a predeterm ned | evel; a tension nmenber in 16, Februar~i; 2004 6 the form
of a rope or bEf tthehavedabdndifnghel oagealpathehfoisdthére sdthmes] tand a drive
device for driving the tension nenber in engagenent therewith by pressing a
speci fi edlQhdigudihealvalagisoefoMathemathsabnExprbssishsledvas aEhe term

follows.
(Mathematical Expressions 3)

20 T2/T1

1500/1000 1.5

|
i

T2/T1 2000/1500 1.33
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 wvalue



5 "reciprocatingly novabl e body" nmeans a cage having a passenger
conpartment or cargo conpartnent, and refers to alé®ebrpary 2004 or to that
of a counterweight as a counterpart of the cage. The term "tensi on nenber"
refers to a concept superior to that of one or a plurality of ropes or
belts. 10 The term "reciprocating novenent" includes a reciprocating
novenent in a vertical direction, hori#ontal 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 nenber by pressing
a 15 straipgreas’f @spelcdrddly (Meheanabtectief ein ethé¢ ovaisghithe £ Hheai ght
drive type"), or a drive device of the second type which drives the tension
menber ascagevid girvdmgd rdtsel ¢asthenprebametkli pase eafdng ddihdtensi on
menber extension route by pressing a circular-arc region of the tension
menber ageedwste®ln heigteqve (hereinafter referred to as the "circular-arc
drive type"). Alternatively, the conbination of these two types is to be

used. Usabl e aet tihe tlhidreFoFvi 5 t HAl ry i : ice
il reFodeVicotvehttiBast praGHE & ﬁélf gaEFﬁ/eEg%u éirs )\;%1%8%

conprising a belt transm ssion di sposed al ongsi de 4 7 the

tensi @ negbete o avala/ B0k eTRYA Beemak 0B 50 ol TBET. L ensi on

route, a pressing nmechanismfor pressing surtace . elt
i ving chebate s, St o Medd BulBe FrEP Ghac i e Bhifhe
Ci 1 cul ar - SrEed e datRl kB e R EREC L AP ST | R IRGRaRRE T
Bel't " andtle A, B kB DG 1 IR S uPs FHRE oo A AR B Ofne
oS P T DS B PR 8, LU LR SRS e bl
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 fo; 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



menber is driven by frictional contact with the surface of the belt. As a
result, the reciprocatingly novable body. is 15 r 86iFshruaty. 2004 noved. Wth
the drive device, the tension nenber can be prevented from slipping under
the condition expressed by Mathenmatical Expression 4 given bel ow, 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, p. is the coefficient of friction
bet ween the belt surface of the belt transm ssion and the tension nmenber,

and N i s fidrmm prfess wopeexer bedtb¥okheebebrosutingey adriivigd @nsi on nenber .
16 February, '2004 8 {Mathematical Expression 4) T2-T1 S uN Accordi ngly,

assuni ng, rdiipryfilnylyt hdtvablle H88§) OBndla08ribe Séwide fidle dr3wWig to the
wei ght of the reciprocatingly 5 movabl e body (cage), the tension TI is

smal |l if ghe m&awénﬁ%ra1aaakltuasaﬁhﬂzoihe§ééf%ﬁ§ i%%egs%% the

rel ati onship of Mathematical EXpression can be sati by 1°ncreasi ng

the br essyseedbs e danel o TREDELnSIB,LHERRDE BrEURI S (aldping. 10

Suppose the cage Its as weight o ding capacity is 1000

Kg, t aht, of .the erweight is the weight of the cage jtself
plgusagg~ Vgafetl%,\ﬁéeﬁ%]otzf |snlé)blcén%§‘c%ig§:y \é\gﬁ%x%ﬂjlb ?fcp%v Caéogvee.ss?ﬁeal ng %lgh menber
f Ex i 4 h t he fol.l ow I wh he, 15 i ght of .load i

ond when THEL S T g 1B nBRE VA SRBEACH WS e e iR e 11 =
2000- 1500 = 500 Téggl = E500-2000 = 500 If the weight of the cage itself is
then redt&H T 1686582k Vel Re Rt B RIS AR CeRSPESSHANE 8 are as

follows. (Mathematical Expressions 6) T2-T1 = 1500-1000 = 500 T2-T1 =
2000- 1500° L BHRTHRIE 448 et $hgethBibep mepber)apireawebmuqund 2

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



16 February, 2004 9 Expression 4 to be satisfied has a constant val ue even

U

D &8 KON Yl s CXHY

if the weight of the cage itself or the weight ofl

20047

he cage can

be noved upward or downward w thout permtting slippage of the tension
menber if the drive device exerts a 5 drive force greater than this val ue
when driving the tension nenber in frictional contact therew th. Wthout

the necessity of altering the tension nenber extension route,

the drive

devi ce may be provided along a straight region of the tension nmenber

ext ensi on rQut en of 10 the_sirajght drive e, or along a circular-arc
regi on of ‘%%go\t%‘nﬁfgﬁ ﬁé’ﬁﬁe?raée te%‘él &b Mg anRakhoRropRd

circular-arq}drive type. Thus, .the drive device is accomobdated and

disposedir?

S EDSAME 0P fe ABAVE ofleThee ef @k @Bk virghhey ibeasdeni memben be

provi ded at, each of a 15&gkurality of | ocations along the tension nenber

ext ensi on ridutsE 9V HFEES

EeWhihhby her¢estey (4 25PR01 fieguiloagitodinal vi ng

the tension nenber. Tn the case of a drive device of the straight drive
type, the k&aiqy @fsiwhesitensdonpnenksr asidéewapel t Ther ¢eyad around a 20 pair
of rollers 53, 54, and the pressing nechani sm conprises a subbelt

transni 9si olrguripricdedingly pavabbé boldlytrmesds £ afd angacthg asi de the main
belt 6 and a subbelt 62 reeved around the rollers 64, 65, a plurality of
pressi ng r gldseenged avipageoennsbdechhgo SEHRS #tifeh BN kP HeFd rgeansaf or
pressi ng 16 February~ 2004 10 the pressing rollers 68 against the nmain

belt 6. W tdoridept sfupeirfios €onShaYCHEOR, céiRt OFWSSINY d0ld oanBrphst
pressed toward the subbelt 62 by the biasing force of the spring neans,

wher eby theosuieldagdl i her esaeth aaid it Hdiber et toba PERSSHET the

surface of the main belt 6 into

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




contact with the tension nenber. The subbelt 62 is free to nove revolvingly
with the revol ving novenent of the nain belt 6, wié[Febyihtyn@dQ4 ction
merely occurring between the subbelt 62 and the pressing rollers 68, so
that the pressing 10 nechanismis unlikely to offer resistance to the drive
of the main belt 6. The pressing rrechani7sm isnot [imted only to one
utilizing the resilient force of springs 57 or the like, but also usable
is, for exanple, a nmechanismutilizing a magnetic force or a fluid
pressure. ﬁl Shat ed specifically, an inner periphery of the main belt 6 and
an outer p&rFphER§LeR PeEPEY tr &P eI e Sp¥abil gealpbgve dcergicites
meshabl e with each other. This reliably prevents slippage from occurring
bet ween t h@SRRER BEFENSLAM I AYee s bIRNGSHNY I@chanihnr fer apressiverid i cal | y,
the belt providing the belt transm ssion has a grooved portion extending

| ongi t udi nRelly sRrfagetehsthm bektbdrranmhiissicantiatd wbhhathewt emsion
menber. This provides an increased frictional force between the belt and

t he tensi ofemsibarmenber pcane @ drisst miotd \forf dré@indnthe e February, 2004
11 increased frictional force is available also by making the belt and the
t ensi onS merdrensmosghes ur faeed eower thike dpokti 881 Ebes£0fnd Qi dincantact
with each other. The drive device of the straight drive type further 5
conpri ses drieeondpbels & rdexsids StdpPiQsidd gn@,@lgspggggggda%iﬂgg t
transm ssion (first, belt transm ssion), and the tension nenber Is held

bet ween sukfizeasadiabel tsgén tde iSRG G Behbel! %H&”}é%fﬂgn%fm

opposite sides of the tension nenber. The force wth which't n belt 6

of ‘the 10 hiobabibel s HIGFE 810N RUEHES Lh8nl 08 LoUnICHDEL ¢ SopuPPO! t ed

by the main belt of the second t transm ssion, €nsi on menber is

reliably hggqogei%%gmeﬁ%pﬂ]%e b%e%'lfécea%d %%ﬁ% ﬁggégﬁ%er drive force

can be produced. |ncidental t transm ssio ?* al ways 15

conpri §g argq:ragﬁg'?ggﬁﬂgiﬂ%eé/@ciea%éyarbq_lea onraitlix@ﬁ%f)ﬁﬂl | ers but can be

provi ded by a reeved aroun pai r-of §bhPockets and a

lurality of pr r /1 arranged on the chain 7 over the entire

Beri pherg thePe@?éHEg% %?g‘%%%oﬁraeps%a(ﬁ%%r#eFg‘e7iniv§nﬁ?‘89i %ﬁcwr??lg'a

recessed f 0.extending I aqngitudipally of the tensjon penber and shaped
58 B R et Pen B Aiove P todna FBRERBNDERS Cension

member is driven by frictional contact with the surface of

in conform

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, p 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.



whereby a great frictional force can be produced between:the pressure
menber. 71 and the tension nmenber: \Wen the pressi 16 Febrhary,2004 provi ded
with an 16, February, 2004 12 adjusting-mechani smfor giving an adjusted
pressure in accordance with the weight of a cage 1, the value of the right
si de nmenber of Mathematical Expression 4 can be altered, for exanple, in
accordance with the nunber of passengers$ 5 The tension nenber can then be
prevented from slipping regardl ess of the nunber of passengers. Usable as
the adjusting nmechanismis, for exanple, a power transmi ssion utilizing the
t ensi on of @%@h@@ﬁ§ﬂ§ﬁlnﬁﬁbéﬁsaéonnﬂ1ve power for exerting pressure on the
belt surface of the belt 10 transm ssion. The tension of the tension nenber
then varies wit#2-Ad RunbN¥r of passengers, whereby the pressure is made
automatical ly adjustable. Incidentally, the adjusting nechanismis not
limted only toAzcordhagileal apsueing ) apeH §9aifl &Uhads tBRe teakNgnari ever
mechani sm Al so 15 usable is a power transm ssion conprising a sensor for
detecting (i tensilarkobitbeibeast ofo RDSes MK Jt G kiBrbeHEinkey
adjusting the pressure in response to the detection signal. t he t%er
hand, a§ exXg A 0 i iC f :  rcul ar-,ar Lye e
conprises a rrechgnibg%&f ‘ér@a g%éigﬁl\?ng&tﬂﬁ%&ge %.l#hlﬁt{salg’f ?Lefggt?lée %ggresses t he
belt into i e [.O rduce a great frictiona
e W Ehal1SnbRSE 00e BEDELd O ) UG HHET speci fical Iy,

force between the belt and t ensi er.

t he tensioni LS waD4 13 comprises a fra 30

suppor t ed ?ﬁ%&@%gggbm%ag%ghgﬁﬁggé%rE’é% S"flrod}nf%eans???a\?éf:l?ggeé! B¥ality

merber has ok catd oo AE VERUEBEE FT e e oo meRRhE 380, CheR S (i s

constructi%Q%v%%SF%ygne 130.is.driven toward the sheave by the tension of
e )

the tensio Ad™ A iBEf?gextending over the rollers is pressed into

contact, with th circuI%L " arc region of the tension nmenber as reeved
ar ound Phe Shea@gppose e 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)
T2-T1 = 2000-1500 = 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

il

T2-T1 = 2000-1500 = 500

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



Consequently, the belt ‘can be given sufficiently great 10 tension at al
~times. Accordingly, the tensioning nmechanism requié Febnmryp2004| - power
source and consequently beconmes sinple in construction. Alternatively, the
t ensi oni ng nmechani sm conpri ses a frame 130 supported so as to be novabl e
toward or away from 15 the sheave, the gjurality of rollers being rotatably
supported by the frane 130, and a | ever nmechanism 140 is provided between a
free end of the frame 130 and one end of the tension menber. Wth this
specific ¢ r Lon he | ever. nechani sm 140 converts_the tensjon of the
t ensi on 20%%‘5%5‘?% % #’%&8% ?%?l%%‘?f?:}basﬁ fe Gonstantsgalypt avemel hdts on

of ,the | ever_ . %ha i 140 copnected to the end of the tension nenber
serving as"s nﬁlchnfg%dcﬁﬁ?kﬂY$ﬁ9fxﬁ¥i?ﬂ?tWﬁ%99§fOépéééédvﬁél?ﬁe fihee end
of the frane 130 serving as the point of application. In this way, the
tensi on of BFE CaBeLEIBPYiRd Upwarndor dopnpdnd W theuts pedmi btimg act i ng
force of required magnitude. Further stated specifically, the tensioning
mechani sm @eApPRIescanthe ntassieupponben ish the doive devabkeexeris c or away
fromthe sheave, the arm 156 being elastically biased 5 toward a direction
away frém dvehfavee gndatepl tihahitlyiofvalold ehen delivded shengedsion
plurality of rollers and positioned at opposite ends of the arrangenent of
rol | ers ar eembeat ahl yriopponsbdcemedcttierawadet.er mined | evel relative to

t he sheave, the arm 156 rotatably supporting thereon one or 10 nore rollers

posi tioned i nwaWdtioat the fietéssiey renaarEitinghl tRhsisReRbhbEr
arrangenent, the arm 156 is biased toward a direction away fromthe sheave,

wher eby t hexitewstienr 8bheé, Othé Olit BVS &ﬁ#ﬁégim%y‘H@NiioB&QghtH@oﬁ&eéye to
tension the belt. 15 The el evator apparatus of the invention deScribed

above 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




has a drive device for driving a tension nenber in frictional contact
therewith. This obviates the need for driving by 36tRebrnagn 2004ve,
rendering the cage or |ike reciprocatingly novabl e body snmaller in weight
and consequently permtting 20 use of a conpacted lightweight [ift drive
mechani sm. BRI EF DESCRI PTI ON OF THE DRAYWNGS FIG 1 is a perspective .view
showi ng the basic construction of an el evator apparatus equi pped with a
drive device of the straight drive type. . 16 Februar3~, 2004 15 FIG 2

IS a perspegll [ S K ng _t construction of the drive device of the
st rai ght d?tﬁl\?e\é?)?\égiwlgl ggwge?g ggs?%%”é?‘évtal?‘? dif%h %an arrangenent

I nside a path of_.nov nt of the elevator apparatus. 5 FIG 4 is a plan
vi ew showi ng th lggngggﬁrﬁﬁﬁﬁﬁgh?.C?ﬂ%fr?F? Oy piheh RReSwigHohPheTH B8Rt ai |

the construction of the drive device of the straight drive type. FIG 6 is
a plan vi efFEh&FeTgechionare thaserbkel bn§2 A the ibiagingoferoredf shewi ng a
main belt and a subbelt 10 nmeshing therewith. FIG 8 is a front view
showi ng t heSREGMsh PgeniSenWbrrehyt bee pukisel gb2eichaniesmedraGaifststhef r ont
vi ew showi ng the construction of another pressing mechanism 15 FIG 10 is
a per spéct impd.nvibeltof, apressingahbei sstbaceonprilsd ngim deditns Eh€o 11 is a
perspective view showi ng the construction of another drive device of the
strai ght drdordactperithl Ghellenstbndesniténgr M Shbbiedy 62edPl free to
arrangenents 20 of devices in elevator apparatus each conprising a drive
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
10 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
magnetic force or a fluid pressure.
15 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.
20 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



device of the straight drive type. FIG 13 includes diagrans show ng
exanpl es of other arrangenents. FIG 14 is a di agl@Rebiuaasivh @084t her

exenpl ary 16 February, 2004 16 arrangenent wherein a |lever nechanismis
used. FIG 15 is a perspective view of a drive device of the circular-arc
drive type. FIG 16 is a perspective viqy of another drive device of 5 the
circular-arc drive type. FIG 17 is a perspective view show ng the
construction of rear side of the drive device. FIG 18 is a perspective

vi ew of anqf c drive_ type. 10 FIG 19 is

drive deyice of .the circul aj-ar ' ]
a front view or&iot %§?‘CgPP{}3?d£9FE% bf ?ﬁ%ljc?aqlcﬁjla&fs-oapé’ gekiBgtfhe. FIG
20 is a.frcég Vi e 3& anot her drive device of the circular-arc drive type.
FIG 21 is BEKY GRE FhewtonshnBt HeRber | peudevsertased myers thier Barhions ¢
drive type. FIG 22 is a front view of another drive device of the
ci rcul ar - ar'd*&hsofe toyBe. ip| epnbact switheeagecethar .vi ew of another drive
device of the circular-arc drive type. 20 FIG 24 is a perspective view of
a conventional dhevgrdveagpriaeusf Eh& sRBaighta ditiare \tiype Shethag an
arrangenent inside a pe.th of novenent of the conventional elevator
appar at 9s. FINRriz@si ¢ sedondrhbalfotrahbmbss bon npfiariesedaclsi BgpoBed to
the belt transmission (first belt transmission), and the
tension member is held between surféces 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



16 February. 2004 17 rope reeved around a traction sheave. BEST MODE OF
CARRYI NG QUT THE | NVENTI ON- Enbodi ments .of the invegtrédrudhy, 2034 descri bed
below in detail with reference to the drawings. First, a description 5 wl
be given of an el evator apparatus wherein a drive device of the straight
drive type is used as a drive device for,.driving ropes, serving as tension
menbers, by frictional contact theremﬁtﬂ? I.e., by pressing a straight
regi on of each rope. Subsequently, a description will be given of an 10

el evat or a%p(sra ys wherein,a drive device of the circular-arc drive type is
used for dAMUTGIRGpREChanisRyEar 9 by A rditstnd pressumg &ncircul ar-arc
regi on of each rope against the sheave. Apparatus Conprising Drive Device
of St rai ght2?9SFP8TepEith Fhe weighbwef thecdmsilk, dirstvaloki of thean

el evator apparatus of the invention wherein a drive device of the straight
drive type highgssddeAmembeusbfaMethemat bpal SERXE €ssliorns! 2RV e AledRdda
plurality of sheaves, such as a sheave 42 provided at a specified position
Wi thin a pdidr eka@plepyvémeatcotdifee ebeniatee aifhsdieaepadseftdeatt ached to
a cage 1 and a counterweight 2. A drive device 5 for driving the cage 1

upward 6r dhenwendios mémbéﬂedaﬂlﬂ%tﬁ@dﬁfékﬁéhﬁd @ %@?pﬁin?”d rope ends
31, 32 are fixed in position. FIGS. 3 and 4 show an arrangenenf inside a

path 10 of reghdteB&UBE3the2RibdB of passengers. Usable as the

adjusting mechanism is, for example, 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 wusable 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



novenent of the el evator apparatus of the invention. As illustrated, the
cage |, counterweight 2, sheaves 42, 4, 41, 43 andé6dFebraade)\2@@45 are
arranged in the path 10. The cage 1 is guided by guide rails 14, 14 for
upward or downward 5 novenent, and the counterweight 2 is guided by guide
rails 15, 15 for upward or downward novenent. The drive device 5 has
connected thereto an unillustrated contr’dl circuit for controlli ng the
upward and downward novenent of the cage 1 and stopping of a cage door 10
11 at a position coinciding wwth a floor door 12. Al though only one rope 3
i s shown i n°RIESes @ndrameod 30hsupaketefl spnpsitd the movEkirealtiolmrdf oropes
extend along the sanme route in actuality. The ropes are not shown in FIG
4. FIG 2 sHO® fuem ddestsheevieontbe pherdiitve dfviakldrs arwinks FIGS. 5 and
6 show the construction of the drive device 5 in greater detail. Wth

reference teHR@bLY, suppoditiede bgethee franenDs) Sesnd 1ed rt<ifsidn wembede belt
dri ve nechanism Ma and driven-side belt drive nechanism Mo which are

arranged i nsagleone dsicoanicteiheobal Erdei ¥gdBEhaN SRl ad.heydeh ve side

20 conprises a main belt transm ssion conprising a pair of rollers 53, 54
i vo motor 55 for T oratinaly hei CrRBe Rl o G B IR R B e °
16 Febr uary ! 2000 18 ACaaod Terde. PRoRaBeE) f@dle el pilehutly °°

i anged | oy e e TSoubart 820 BRePRe taPRerOhkAt: YHE B UPiPd Rochani sm
pai o rol 1ot & SR ot g?, T EeRSToR HBhRe ap L E SV SR PR b eaT Y ceved

around t hes | er S e ransni ssi pn co i.si.n air of rollers
66, 67 arra;téfé%el se?lgtla'%hggga#)%l%ef:?n M-\ dlo b= ‘ileg"stiy};é‘\’r'(?&taround t he

roller 6,,.67,. 10 and l.urality of support rollers 69 arranged inside
t he suzlbogl tt%?g.lqjhn a%a%io 98 -t ‘W’)‘%’F‘il $xre thee hemisdoping, mghaphemout er
peri pheral surface of the suhbelt 62 or.. 63 on the rope side is in
intimate cont Bttt Sh O SRES -ArePOPEr PREFSE 3¢ feerseduentd yidteramelst 6 or 61
on the rope side. 15 Wth reference to FIGS. 5 and 6, the rollers 53 to 56
and 64 to 6l FPPSHEUCKEoBel t drive mechanisms Ma, Mo and the support
rollers 69 providing the driven-side belt drive nechanism M are rotatably
supported on a fAbteFretdivelyn, thisi tenshonpngsséechpnmbinh eranfsi gwsow di ng t he
drive-side 20 belt drive nechanism Ma are rotatably supported on a novable
base 60 whi¥rens L3k ispppoatiedglsy msvabl besmppabl edtdyatdeos i avedy firame 50
and are novable toward or away fromthe subbelt 62. The fixed franme 50 is
provi ded wi e sheaweal ithe @lusplings oF7rbblebs aségg thetapalby e base 60
toward t he

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



. 16 Februar~t, 2004 20 subbelt 62. The biasing force causes the pressing
rollers 68 to press the subbelt 62 toward t he nai 16(Rdbrubry,\2004€by t he 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 be'llt 6 and the ropes: 3. Thus, the
subbelt transm ssion provides a pressing nechanismfor the nmain belt 6.
When the. power source is turned on for the drive notor 52 constituting the
cdrive-si dg) |t _driyve Ee hani sm Ma of the 10 drive device 5, the main belt
6 starts t o movaSr 8JeHe ﬁél?,o W AF P HPTSHE Fohared BagntteRtion by a
~frictional force between the main belt 6 and the ropes 3. Wth this
movenent, ‘the mPACBEFtSE3ted sPreHFiqahli dhodiensdoningneeshanism Mo nmoves
revolvingly. Further with the revolving 15 novenent of the two main belts
6, 61, the ORMBrI§EEePRs2ER 188 supprrtird seved Wadley moVhbler tovandh @f the
ropes 3 in one direction noves the sheave nechani smshown in FIG 1, which
nmoves the &xgy framdthhesheawieer tieé gntm 2L Spisrichpreldewivaldlyi bigdsedct i ons
opposite 20 to each other. Produced between the belt surface of the main
belt 6 &nd towerdopediBechibhi awpy ofeas tise eSS, aNdsat pshybbgty of
Mat hemati cal Expression 4 due to the biasing force of the springs 57,

- consequentriol letrgi dhchgdeleasdbh@pege poukhel Ppdcadineyeanqt he main belt 6
and the ropes 3. 16 February, 2004 21 In the case of the el evator

appar at us @hstiteohedeati @Epo’sb@e dinye Sevire a'frxv‘a?ﬂt'ghe!ﬂf’enit”%'fa%?ﬂefg@f‘&t ly

in a vacant space along the route of the ropes in the path 10 as shown

in-FIGS. 3 r@ltdtébﬂh'bﬁpgbkme&aé&éht% éi‘f‘;ﬁﬂeeéé)cﬁ?ﬁﬁ‘ﬂe%e L%v%g addLtigpat,

installation space for the device 5. Furt en required, a second drive

devi ce 5 camebandutBoStilel BrANPs8%o LAy SRS AT I HEaLel Liiochal n

lines in FIG 1. Wen the outer periphery o hé” i nner
W th eaoh Sore SoTichs BobiPipRNE LERRERLY 1oe MR SELIRY pRESRaRRERE o2 can
For the mn Bertis FRRCTELETaEREl O, O3 a5 e Birash EotBagy
b U B U SR A L R

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 1ift drive mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 ;s a perspective view showing the basic
construction of an elevator apparatus equipped with a drive

device of the straight drive type.




to the main belt 6 as shown in FIG 8. Alternatively usable is a nmechani sm
- conmprising, as shown in FtG 9, a pair of chain spl6cEéstumrf0200405, 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 agai nst the main belt 6 by unillgstrated 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 transm ssion 16 February, 2004 22

conprising, as wn,in FIG 10, a pair of chain sprockets (not shown), a
chain 7 reeved §ﬁ§0na fﬁeasB?BﬁQ%?EP%%dV%PﬁﬂﬁhQﬂﬁnﬂyt@ﬁ FPBS HP@thﬁﬁﬁ%gs 71

arranged on.the chain 7 over the éntire periphery thereof. Each of the
pressure nemSecdizezdevice,ofi the skraighteduioe dupesd faces 72 extending
| ongitudinally of the ropes 3 and shaped in conformty with the cross
section of the Fdfes33iswhesbdy algvauiod rsmywionalanf arcengamehbe pnsildeed
bet ween the pressure nenber 71 and the ropes 3. 10 FIG 11 shows the
const ruct i én pefthapdt hevembntad br thepal eralsoofaggu-atueenti on. A rope 3
connecting a cage 1 to a counterweight 2 is reeved around two sheaves 45,

46 rotabably supjgcrt adienaaplanneiéw Fhewing €IRYismed aryabgemeded al ong the
rope 3 extending between the two sheaves 15 45, 46. The drive device 5

conprises a plurdGi.ty 95 BrpsshngiéR! ewidd iflket®l1 ankelkbn82rieeysd
around these rollers 81, 81, 81 and a drive notor 83 for driving one

pressing r dfl @heBlrivBedeoiter §£8tne 8dt v i ; |t 82 into contact
with the rope 3. 2(]):lFI GS. 12, (a) t% (%]):gjz!i%}giicgﬁ‘{é;)%@% (f) show ot her

exaiml es of arf agenenis whpelnaiLed! LGS NS AR AIARISHLI on of

drive devices 5, the nunber and position sheaves, rope extension route,

etc. FIG 12, (afcang ¢R) azggﬁhergi\ggvvdgﬂé&fﬁg % A Hd t?land B WLBbLIY Of

| ocati ons. 16 February,
10 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 shbwing 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



FIG 12, (c) shows a drive device 5 attached to a cage 1. FIG 12, (d)
shows a drive device 5 attached to.a counterwei ghtleZFetituery,|2004¢e) and (.f)
each show a rope 31, other than a rope 3 as the main cable and serving as
an 5 auxiliary cable. A drive device 5 is in engagenent with the rape 31.
Wth reference to FIG 13, (a), a rope 3 has connected ,- to opposite ends
thereof a cage 1 and a counterwei ght 2,190 whi ch 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 counterweights 2, 2
attached t AFEFERCNFeWhEpesNnt @ bever ohechawpsm 3is Ris@d.13, (c) shows a cage
1 and a counterwei ght 2 connected to the respective ends of a rope 3, which
is in engagementfl@.t ASais5adpevepedevive GiewldE dlrivd) dekdwe afceige 1
connected to one end of a rope 3, which is in engagenent with a drive

devi ce 5. Ri@Gcular-@ex slrdwe aypair of sheaves and a drive device 5 which .
are nounted on the ceiling portion of a cage 1. The drive device 5is in
engagenent wit hFIite partison peripectope vlew PEIARAMING LR aBoRNESsFI G
13, (f) further shows a drive device 5 in engagenent with a rope 3 at the

porti on st hegirolciheingerakwogsieavegpe Wi ch are provided inside a path of
novenment of the elevator. Wth the el evator apparatus of the invention,

drive devices Spagy) B9 35 angedsPilpidE eH ey i qg&gﬁ%%bﬁﬁggéuégiéﬁeedom

so that various arrangenents can be realized as s and 13.

FIG 14 shqﬂgr%ggtgggeebgvghgrdggygr@éyfc%yherein the tension produced on
e a

the rope 3 i s caus to act on ulcrumsS for a | ever mechani sm 200, and a

produced ot the TaSmEtof SabpPEERPPEREEF “TEE LA A e eV e o o

produced at the point of "appfrca

el evator a r at. the tension of the rope 3, i.e., a pressure
correspondﬁ%%a?%H%Wéa%eﬁéﬁt 5fv?hgyeﬁge 1, can be 10 caused to act on the

drive q%vice S’Fﬁ% tﬁgt.the resgure can_be adj usted autonaticall¥ in
accordance with tite rdnB8r 2of *BRESERGE T i dnethe e Y Ve drviise PRetBRi ppage
bet ween the ,rope 3 and the drive device 5 can be prevented regardl ess of

t he nunber %ﬁr4ﬁii£§$5§r§FlY9 E¥P8escri bed above, the el evator apparatus of
the invention is _equipped with a drive device 5 for exerting a drive force
in accordance wiFti¢-t %8 diSf RefEARE Vieveeh anokhen duivem devdcel afktbede of a
rope 3 and the tension T2 on the tensioned side of the rope. This

el i mi nat es FHEWHE&T arer drAFe20ypenvent i onal nmode of driving by a traction
sheave, making it possible to use a cage 1 or counterwei ght 2 of reduced
wei ght . Furt her #dGe ©2ie okl dwonyg wilewnd figasotlier adsiovakitialel @f the

Al t hough the drive device is installed conventionally only in a machine

room dA uppercwiart-aoe dirizepaybeof
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



16 February, 204 25 novenent of the elevator, pit or the like, the device
can be installed at any |l ocation according to the lewemiuari, 2004Si nce t he
rope is driven as held at a straight region thereof, the rope is |less
burdened, permtting use of various 5 materials, such as iron or steel,
synthetic fibers and synthetic resins, for the rope. 3. The conventi onal
drive device using a traction sheave nedds to support the weight of the
cage and the counterweight and is therefore | arge-sized, whereas the drive
device of the 10 invention need not support the weight of these conponents
and can t héidProreeyedcanputded bnactioucsheave wei ght. Furthernore, the
drive device can singly be renoved or installed and is easy to replace. 4.
The cage 1 BEST MOPEC OBNCARRELNGt OUT WHHE hINVENTEUCed 15 in wei ght permit
use of a drive notor 52 of smaller capacity, which results in reduced power

consunpti on. 5. EAbodimeaaseofnthéei pvessivie wil e L xRisledbey bheorriye
device 5 increases the force for driving the rope 3. This nakes it nore

likely thatddtaalchaith efeepfctOtdeLhscdrAPidss 2 FOURE ST Daance: can e
di spensed with, hence inproved safety or reﬁ%%%il?ty. Appar at us égan rising

Drive Dgvi Ga1af b Gawkar o EnDéig\!@aﬂ-é'i)ea}gll.l)%tug.v&h%%%ns QO\HrfG&t@g!asfcgf

el evator apparatus of the invention wher Ive device O
circular-argy tnkbskeRiYALYdr2094:9fe is used as a drive device for

driving ropes, serving as tension 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



drive type is used. FIG |5 shows a drive device 100, which is provided

al ong a sheave 42 disposed at a specified | evel Wikl Fébraappt20®4 novenent
of the elevator. The drive device 100 conprises a belt 102 reeved around
four rollers 101, 10, S 101, 10la arranged al ong the outer periphery of

t he sheave .42, and a notor 103 coupled tg the roller 10la anong the
rollers. About one-half of the circunfefl@ntial | ength of the belt 102 is
curved in a circular-arc formalong the outer periphery of the sheave 42,
pressing circular-arc regions of ropes 3 as 10 reeved around the sheave 42
agai nst t h&@oNeEshE 25 th@enlevietor| apparates raf/dihe dgiventrieed s dri vi ng
the notor 103, the ropes 3 are driven by a frictional force acting between
the belt 10dl&sgrekedsopbe Gagfl G doushemweeaghdr i2je shewivee 200 baving a
notor 104 15 serving as a drive source and installed in a holl ow space
formed in t4e andndeivef davibea¥ead?. arraliged inuldey ph@h 19 .oy eshqn the
out put shaft of the notor 104, and the rotation of the drive pulley 105 is

transmitted tis guddedebypghiay 28616y14, bed trO AR ESR WBwhlSral?. A
roller 10la 20 shown in FIG 16 is connected to the driven pulley 106. The

rotati of ofmciviefiefi®l, Obnd04hisScbhaREMit] §Kl t & | 344 ive
pul | ey 105, belte 107 Iz;nd dri Sen pul | ey‘g%%m? %ﬁ:‘%‘{aq%cg b&é%ﬂ Z%iaté'lirgo gf ed

revol vi ngl st od’ LpRatLQPES Solwiiwd Fd Ghd ontact therewth. 16
Februar 3i, 2004 2716FI G 18 sﬁows gagﬁdl“gée}gécflet\'cﬁ ce 100, wherein a belt 111 is

reeved around twherghkeLs 1 n of 112 i.s coupled to one of
the rollers 110. gbout ong-é%gf? %?h?%eg%r?l}%%rtéh 4 Félngth of the belt

111 is cur [ 3" -ar G. al ong the t.er ri phery of
sheave 42 ‘aasrgrasel CheEEI LG S LT Ry BBe, BivaraLres  ne
sheave 42 ] t e 42, Wen t belt 111 .is revol vingly noved by
drivi ng thgﬂ)%%%rgdlﬁgf’é{aﬁgi\!rgge%h% e ﬁi ShPPPifg ot 8nsPIRoPeR  act i ng
- bet weent hei b%ltt al c1>sa{é"_|d 10 the rgfes 3. .Like the drive device shown in
FIG 18. a drivedBIFeE19B0 ehBGhItRe prith @ HAR% 990 d2pe| Alabougheyed
around two rq_llers 121, 12]1. The two rollers 121, 121 are rotatably
supported BPd PPEnECRS03 HAi ShovR R kS ed siichd tiomahes sakeapEe t owar d
or away froma_sheave 42. The_franme 120 has a free end carrying a rope
socket 124sﬁm€}é&ﬁFijPhpéurallty 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 mechapism Mb which are arranged inside
a housing 51. The belt drive mechanism Ma on the drive side
20 cqmprises a main belt transmission cbmprising 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



conpression spring 123 acting therebetween. Joined to the rope socket 124
is one end of a rope 3 extending. around a sheave 48 Fébruarg, 2004 Wei ght 2.
20 Accordingly, the tension of the rope 3 acts on"the frane 120 of the
drive device 100, driving the two rollers 121, 121 toward the sheave 42.
Wth this novenent, the belt 122 is striggly pressed into contact with a
circular-arc region of the rope 3 as reeved around the sheave 42, thereby
gi vi ng 16 February, 2004 28 sufficiently great tension to the belt 122.
As a result, a great frictional force is produced between the belt 122 and
the rope 3,ar51af’*g?ﬂglf‘ﬁéd?ob}éegﬂ%li Heritt cawsichg slubppageédeteeeedt he rope
and the belt 122. 5 Like the drive device shown in FIG 15, a drive device
100 shown i@%¥°Bpd the rokperse6la ©el tarkBa eivanding afoppdsébmg rol lers
131, 131, 131, 131. These rollers 131, 131, 131, 131 are rotatably
supported @@ldersafd a8fangwd cinsids uiporduttbed® %2.t0 be novabl e toward or
away froma sheave 42. 10 The frane 130 has a free end, to which a rope

socket 124 i s abDhathedothét hhandPofie35d1aN EieNthelB3nachi M9 bhefibet ween.
Joined to the rope socket 124 is one end of a rope 3 extending around a

sheave 83 idedvanceiatecympoiées a ARLH BY eratn%?niggﬂéhoe&{ ]éi%]%ﬂ ope 3

acts on the franme 15 130 of the drive device 10 rrving t rollers

131, 181, $alr d8lrboverd $9e sbemluifed Wildhd s UBYEIER! s hhe Dol 132

is strongly pressed into contact w a circulfar-arc region o he H%pe 3

as reeved aeound;it e iving suffictentl reat, t ensi on
to the belt 132. Aggg§gga¥§%% t,éég%ﬁeﬁﬁﬁxﬁéﬁﬂjaoﬁgghfgﬁcérgg T SHtERd

bet ween th : e fo drivi the ro 3 without causin
sl i ppage bgf\%g_ke:%s%ﬁé Fg(r)lgaeig_no tlﬁcgugéeﬁst él%ZT%gl_Flaéra??gghbﬂ_El © dFRe P ge
100, corr espandi g hoa! Do tnbf 481 S8 SIPURIRRe 2011506 0506, eV

mechani sm 140 €br ua

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



5 is interposed between the free end of the frame 130 of the device and one
end of the rope 3. The | ever nechani sm 140 has anlérrebpaaiy,200410a carrying
a rope socket 124, with a conpression spring 123 acting therebetween. One
end of the rope 3 is joined to the rope socket 124. The | ever mechani sm 140
converts the tension of the rope 10 3 tr% a force for driving the franme 130,
with the portion of the | ever nechanis 940 connected to the end of the
rope 3 serving as a fulcrumand with the portion thereof opposed to the
free end of u&)he frame |30 serving as the point of application. In this way,
the tensi ofUPbehE §Pverth® RIFSIRY tforse icausepushedpresaingirablers 68

magni tude. FIG 22 shows a driwve device 100, wherein a pivotal arm 15 20
156 is di sps@Fesborbeasyhealt 42. tawereitioe ataiar inel36 hasharbhgetead
supported by a pivot 157 positioned at a specified | evel on a beam 150, and
a forward &edtis8rdacehefpthetmbinarinells66 bisgaeksgataritty canspet ngi 1159.

Four rollers 151, 152, 153, 154 are provided with a belt 155 reeved

t her ear oundhendopesi 8i. onesh sequuttt liyhe tIRe e s4BreANDBE MAESENdOIdLr S, the
two rollers 151, 154 at opposite sides are rotatably supported by the beam

150 andSpogigpresedonadhist proaReel i hetwd &y ethe A ¢ R AraR el BWaLHer Rh1gr S
152, 153 are rotatably supported by the pivotal arm 156. Wth this drive

devi ce 100pdilke spiawnat @heat 63i s fjase 0 o] | S5 bys the spring
16 Februar3i, 2004 30 1%9,8bm%§rgby T?iﬁ?'i %v}\l/%r gﬁ%\%%iko??%gﬁig%%&l{% are

hed t i ; i devi 100,
Rhorein n Sronio¥sds, bResBehy AoChaklsh for TR S HATe B 18, “Vbor 163
ol Gen of haed WERRCTLEVRLKR! SGREEE 1OCALENS off fon BROUE IR RBLLROPOTL

sidefs of the sheave 4 ar (r)lun Se El,h 162,
163 i . 4 :
39 by e B e L o b CAYETe SO LI MY G RIGF BT SRR oar

10 nmounped h r side of the fr 160. The rollers 162, .163 at
opposi 10 sidtavel Bevige, 8t Ehfome il RePCs LitaniT G Faeduinglya
position adjust.i 58 gechani snélﬁgSa Tge tensjon of the belt 164 is_adjustable
by varyi ng TRERE &P FRBEE| 3V EPHRTA 00RE af et tin R¥ & ifrd atienadti ve devi ce
of 15 the cgr?rcul r-arc drive type has the same advantages as the drive
device of tiP¥FSE PELYRENIFRGempyBelelhd® cad veheitaRas I-halithethdster in
the construction of the drive device. Since a belt is pressed against the
ci rcul ar - afOViedEnén Sheampdpebadty 6bved bheutril verstraizde heflt srgaedi anet er |
it is 20 possible to reduce the magnitude and variation rate of specific
pressure a@®adgrismMbnmprNesheevodninghe. r Fhethéewitthethet resblying

cal cul at ed, the maxi num val ue of specific pressure of each of the rope

sur f acd3andavemepd] ©fsGheatwoi madhobelds MPa 61, titee cose safbldiksstéRai GAt
drive type, and the 16 February, 2004 31 maxi mum val ues of specific
pressures dflschaovepeeyoifavglgnd the belt surface are smaller and are
respectively about 2 MPa and about 1 MPa in the case of the circular-arc
drive type. The traction of the ropes 3 in one direction moves the

sheave mechahism shown in FIG. 1, which moves the cage 1 and
the counterweight 2§upward or downward in directions oppoéite
20 to each other. Prodﬁced 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 thevsprings-57,-¢onsequently obviating the slippage to be

produced between the main belt 6 and the ropes 3.



This serves to preclude the danage to be caused to the belt 5 and the rope
to ensure a prolonged life. Furthernore, the driveagpevbhargf 2008 .
circular-arc drive type, which is sinpler in construction than the device
of the straight drive type, is dimnished in nmechanical |osses, therefore
permtting use of a notor of smaller capacity and 10 achi eving a reduction
in power consunption. \Wen theoreticallylcal cul ated, the power transnission
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
950. 15 Furt her dr &het hesbebf thase¢lévdton dpmnrhtuse ofetheeinfrehbion,
circular-arc drive type is pressed against the circulararc region of the
rope by vi rtthee dafi viehdetrdnei Bncahebeofns Tkl el dongaiethRenal ar eabgnemal l er in
t hi ckness than when the belt is pressed by pressing rollers of snal

di anet er aspave h@odq easervitd dherls i Mepdewinenif thiepathahghgdrive
type. Thus, the rollers for driving the belt can be reduced in dianeter and

the drive raMown ti® PecHsed san be Gfn iy li‘i{in%%QQCitEX'n%_gge@?isr?ﬁou‘%%é)e

produced by the drive device of the circular arc drive

STaller 5 Wil Bddi® 108K CEncRAN PRe1 o o bEOL UALY g0 Ub A28 NLALIGEL,
pp us of t on is not

sati sfactorily. The nechani sm or appar e present “i'nven

limted t f ' ' . t ti but,. b dified

vari ousl y viTE A eoea el & BEP R BE Ve FRERE S  f oS gt ERBE8 5B o, For
le, t I be.b ht _into.fricti I ntact with th f

i v ng neeR BT AsIEtnaTEcE PecLeeLirtis vl Cnthai nescdmaRten fe.

circular arc ing&rosi section, but a grooved surface of V-shaped cross
section or one SPPafP§uSULERePeEIBRET ¥R i thR ubhglt |62 ppd1GhasérRer On
the other hand, .it is efLective that the belt surface to be in contact with
the rol | er BEFIRRSTYr Ofi thenBAlRPELt H Rakereeanrstiicoge@oyegr surépaces

i ntimat cont?ﬁﬁ)mﬁth the roller. The belt for driving the rope b
frictid g Mes le 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 arraﬁgement 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



contact therewith can be conposed of a plurality of belt 15 pieces divided
in a direction orthogonal to the |ongitudinal diragFesrlry! doo4ope 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 theZ?ope can be nade froma nateri al
havi ng abrasi on resistance. A belt of nmultilayer structure is useful which
- conprises, for exanple, a |ayer of chloroprene rubber, a |ayer of polyam de
woven fabr CEPRRYSHNY ay@$ HOWn Jigh FElG .uah0y) 20ed r3@fachaimdspoocketls t he
materials to be used for the rope and the belt have the sanme nodul us of

| ongi t udi ndProE| aBevel i ya (eprimg/ coresteahtarouwdidrithies bpdosképpaged vd | | resul t
bet ween the two nenbers. The advantage of suppressed wear is then 5

avai | abl e. PAurahitpnofrepbessure timfersn7af axraekedcan BReusksih M 1Y ace
of the rope 3 serving as a tension nenber. Use of a belt having the sane

structure ahedeatirbdepenbsiverespietiedd Yy EGaHSoE Othd e SAN®, O Wit rQf
| ongi tudi nal elasticity (spring constant) between the belts to be in

contactswi 7h eacpreviesd ﬁ&EhtféééE%éH“6HFﬁ%ﬁ?fQEeEEQECSQt§+&PE§96 and
way

suppressed wear. The notor for driving the belt need not a be 15

coupl ed to1bRgiealRELENAE Do LI UnPSpaRRAN1hNcEh B rf £F hitn DUt can

be housed in the roller for driving the roller~tromi nsi rive

C e Ol ey cPOEs | ¥BCeidn ot (N el £V eByOh GREaD  ERL ol Ve
i nstal | ed f ' | i ons, devi f the bath t
o b CaedorERctaing Bradiiod Yodlue i et Iy e B oM R R T i T YP°

nechanisn19% EEe3invention is not limted only for use in elevator
p .
apparatus of the fype novable upward or downward wherein a cage and a

counte i ght ape.aryranged at_.opposite sides as described_above, but can be
used aF@g in e|%@%to{fd%%ﬁ?%xE&éﬂﬁ°ﬁ%ﬁfﬂ°Fﬁ9npeﬁregpybegoehesator

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
8l. 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.



hori zontal ly novabl e type, el evator apparatus wherein cages are arranged
respectively on opposite sides, cable railways, rQecPrebruarg] 2004 16
Februar 3r, 2004 35 ChAIM5 1. (Canceled) 2. (Canceled) 3. (Arended) A

reci procatingly novabl e body drive 5 mechani sm conprising a tension nenber
in the formof a rope or belt for reciprgcatingly driving a reciprocatingly
movabl e body, and a drive device for dr # I ng the tension nenber

| ongi tudinally thereof while pressing a specified region of the tension
menber sideways_in contact with the tension 10 nenber, the tension nenber
bei ng reevdd®ar ddnd (gl Fhews ariritradeviend titdadhedetdesi cagbelng in
contact with a circular-arc region of the tension nenber as reeved around

t he sheave Flr pPesdtihgshoms ci rdwi v -davdiaed attaghedstot e sheave. 15 4.
(Amended) A reciprocatingly novabl e body drive nechani smaccording to claim
3 wherein rhengerveidbti2e @®Irilees (@)babd ((FANsaER Sk H SRpeed 13l ongsi de
- the tension nmenber and revol vingly novabl e al ong a tensi on nenber extension
route, a poehernghanchapbsen I ofs PSS a0Ald 220 SuLbasg 9 ihe belt
transm ssion into contact with the tension nenber, and a drive notor for
driving5t haukeliakyapspiéesi @Ndrivk6 agy j 52904 eQh5-
(Cancel ed) 7. (Cangel ed) 8. (garﬁgg gg)%%gg.s &aﬁﬁe‘f‘i’%&f&én‘?@ﬁ%@% 11.
(Cancel ed) rdge B€ancel ed) 16 ~ February, 2004 37

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 de&ice 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 aéparatus of

the invention, drive devices 5 can be arranged with great



13. (Cancel ed) 14. (Cancel ed) 15) (Cancel ed) 16. (Cancel ed) 1~6 February,
2004 38 17. (Canceled) 18. (Canceled) 19. (Cancel efh FébrudsGanooued) 21.
(Cancel ed) 16 February, 2004 39 22. (Anended) An elevator apparatus
conprising a reciprocatingly novabl e body reciprocatingly novably provided
~in a path of reciprocating novenent, ang,a nechanism for reciprocatingly
driving the body, the el evator apparatu 45 bei ng characterized in that the
reci procatingly driving nechani sm conprises: 'a sheave di sposed at a
predeterniggd |l.evel, a tension nenber in the formof a rope or belt and

ext endi ng 3FERGOR pSPhtBRBUVRIT 191s shverangenantsi@aa Bei veadivedeas or driving
the tension_nenber in engagenent therewith by pressing a specified

| ongi t udi n&ROWBgLBNFEESt hdZ t @@ bh. menber si deways, and the drive device is
provi ded for the tension.nmenber as reeved around at | east one sheave

di sposed al ong FhE.t thsshowsemberhd’S ebdwtsimmppatheus) RhESEiR the
circular=arc region of the tension nenber against the sheave. 23. An

el evat or appasabuspacdacddngntthel wips 22 WhedRishd ke dekVEndgVEGELRLPr i Sses
a belt revolvingly novabl e while being pressed against the circular-arc

regi on 6f tfoe hehsvenr RECHERDSR. 260 P dHAld the1qf s%QEE%Esoﬁr?aEQFQ al ong a
path of revolving novenent of the belt, and a drive notor for rotatingly

driving at deeagk snﬁsoﬁrébﬁea%éﬁést 2t‘hde ég;ﬁ%: %V@&%gl %p?%é‘%gﬁﬁ?&gﬁ%y ng to

claim 23 wherein the belt has.a .groove on éxtend inhally
of 16 Felruahy, pd9R¢ 48 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



the tension nenber and in contact with the tension nenber. 25. An el evator
apparatus according to claim23 or 24 wherein the j@FebsedR, 2003 a
plurality of belt pieces arranged side by side in™a direction orthogonal to
the 5 longitudinal direction of the tension nmenber, and each of the belt
pieces is in contact with one or a plurality of tension nenbers. 26. An

el evat or apparatus according to any one 25 clains 23 to 25 wherein the belt
has i ncorporated therein a core 10 having high tension and hi gh strength.
27. An el evator apparatus according to any one of clainms 23 to 26 wherein
the belt hawoemant dfayde sfewature, patdod 6HETBLE:) MY ddvic@ntagt pWi th
the tension nenber and nade of a material having abrasion resistance. 15

28. An el evinstraldpphraat anyadoendibg hecapifgetdf tid aifntibg February,
2004 41 23 to 27 wherein the drive device conprises a nechanismfor

tensioning the k&l 5ink. the Qb@éa‘igrdﬁi?@é‘ﬁaﬁé'shé‘f&oe{tggag%ttr%i 3 !P85§ n

wherei n the tensioning nmechani smconprises a frane ) supporte 58%5w as
t 0- be novabimed e XYy y 1 &r h , l.urality of. rollers

bei ng rotatabliggﬁppg%té%wgyl%hgg%%a§%§?§§%§i éég?{ﬁE§QQHﬂ§%oﬁfngﬁﬁéPuﬁas
one end scongRyd free_eq f the frame (130).. 30., An el evator

appar at us accofﬁ%ﬁggt%ugpa?ﬁl3g°§h8%eFﬁei rtH néﬁ%} Orfi HRE5Fe éRSni sm

conpri ses . .suppaerted. so as to be novable toward or away from

t he sheave%“%Le pﬁ&%gg%ﬁégéf%Palgg?srﬁg?ng rotatably supported by the frame
(130), and a Ie%prT%%chanisn1 140 is,grovided between a free end of the
frame (130) and “one en&CO5VePRECPRhsTbhVRed®Rice iy aatracdisnoshappar at us
accordi ng tﬁ)éafa%ﬁ128 whereiﬁﬁthe,tensioning mechani sm conpri ses an arm
(156) supporied s¢ S¥PPETlethvHBEeht oRbr thercagmand dgihe Inousiteavweighhe arm
(156) bein Ig}rasti all% bi ased toward a direction away fromthe sheave, and
a'pluralit)g}i H%nﬁﬁ?ﬁ§ PRE haEdeambagdt Hehepeas ukhe idnivsf devlilcer ofahbe
positiqped.at opposite ends of the arrangenent of rollers are rotatably

. supported BHER IO, N5eEdBPES fRRErt ebke welght vof tthedwe impaventshandr m
(156) rotatably supporting thereon one or nore rollers positioned inwardly
of the rol I8 dhexsdoxenbe compacbpduang, rédddedi2in 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



32. An el evator apparatus according to any one of clains 22 to 31 wherein

the drive device is provided inside the path of rdé Fehrnaty 200bvenent. 33.

An el evator apparatus according to any one of claims 5 '22 or 32 wherein

the drive device is disposed at each of a plurality of l|ocations along the

t ensi on nenber extension route. .AF. AYa g\N Al N, . A A& A% AA. A A Af! . AS@ AA. A
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ca] ca path’ of movemént of the elevator. The drive device
LﬂcAa]ca]ca%ca]ca]ca]ca]ca]ca]ca]cal)fST[\UV~yt01e [ V] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caPlaFenpeisea] z ekt U2 alemtch]aoahma] caheakeal 68k crdra] 1], ca

U c”a] ca] ca! 789&*: <$()[1/h
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aU]] a0 akoerea) ard 09020[ ﬁg%‘ﬁ%o?ﬁféf‘?fﬁlﬂfﬁ?e%fv&?gb]%ﬁ“] &hfcal cal ¢
o calee cabgsicatgcl o coscalsal sl ol eqlralstin) wloaLeslohs, oo
g;figfg?gaﬁz?gg‘ﬂg &%8 ﬁ8§§9{‘“’%&@ JJaia]f%"i‘:]c%a]a%%!LﬁS] galcalcalcal caleal
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(L:J]ac’l‘J]a]C/cg] g/a]ﬂcg]afgé] a]ﬁ %h%;%acaéca] caj ca] ca] ca] ca ca]ggg] gal]ngg(]aga]lgg] cal ca] ca]
Ct ccCl EQDDDEKE’\E EcEEEF! F} vgl gb] X] c] ca ca] ca] ca] cal ca
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cal ca]ca!! F FLFqQFr FFFFGG GAGBGUGVGJGG]HHH LI/ ITVIEWALTTE"INIJIIY}xsnid_X] ¢
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.
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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
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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
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109%& ()-S10%6& ()-!),-#10% U'U& ()-@)>)V)))*"?YNC 10
410%€&;()_!pg$@§g1mqm(gortlon 140a carrying a rope socket 124, with a
compression spring 123 acting therebetween. One end of the
5 rope 3 is joined to the rope socket 124.
The lever mechanism 140 converts the tension of the rope
3 to a force for driving 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 base end supported by a pivot 157 positionéd 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
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FIG. 23 shows another drive device 100, whefein a sheave
42 is attached to a frame 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 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
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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.

Furthermore, the drive device of the circular-arc drive
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 transmissionvefficiency
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 o 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
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not limited to the foregoing embodiments in construction but
can be modified variously within the technical scope defined
5 in the appended claims. For example, 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 similarly
10 useful. On the other hand, it is effective that the belt
surface to be in contact with the roller be mirror-finished
§O0 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% h& ()- | 10% h& ()-!.&10%N N| & ()-F 10( 10( 10(710% & ()- 5 10% & ()-K

i =LdE~_@ 10l ., Z10% h& ()-10% h& ()- | 10% h&16)Fdbrka 03- " 10%
Ei&KF;(L |L 10%@h&' ()- :LvLLLL(IV% MIE~_ @ 10y#10% hé& ()-‘*;@%o—! S10% h& () - Y10% h&' () -
@10% h&' () -y&10% h& ()-1 310% h& () - *MoM/MWNVNIE~_@ 10y/: 1 10% h&' ()- -10%
h& () - +10% h& ()- ) 10% h& ()- ' G 10% h& () -yl % 10% h& () - VNYNNNANNNKThC
10y@109% ()- 10 h 10 h 10 h 710% h& ()3810% h& ()- 3310% h& ()-110%

h& () - NOLOhOOOOdEMbC 10109 () -

aramid cord. If the materials to be used for the rope and
the belt have the same modulus of longitudinal elasticity
(spring constant), diminished slippage will result between
‘the two members. The advantage of suppressed wear is then

5 available.

A tension member in the form of a belt can be used in

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
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are arranged respectively on opposite sides, cable railways,

ropeways, etc.
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1. (Canceled)

2. (Canceled)

3. (Amended) A reciprocatingly movable body drive
5 mechanism comprising a tension member in the form of a rope
or belt for reciprocatingly driving a reciprocatingly movable
body, and a drive device for driving the tension member
longitudinally thereof while pressing a specified region of
the tension member sideways in contact with the tension

10 member, the tension member being reeved around at least one
sheave, and the drive device being in contact with a
circular-arc region of the tension member as reevéd around
the sheave for pressing the circular-arc region against the
sheave.

15 4. (Amended) A reciprocatingly movable body drive
mechanism according to claim 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

20 surface of the belt transmission into contact with the

tension member, and a drive motor for driving the belt

transmission.
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5 9. (Canceled)
10. (Canceled)
11. (Canceled)

12. (Canceled)
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mechanism comprises:

a sheave disposed at a predetermined level,
a tension member in the form of a rope or belt and
extending along a path around the sheave, and
10 a drive device for driving the tension member in engagement
therewith by pressing a specified longitudinal region of the
tension member sideways, and
the drive device is provided for the tension member as reeved
around at least one sheave disposed along the tension member
15 extension route to press a circular-~arc region of the tension
member against the sheave.

23. An elevator apparatus according to claim 22 wherein
the drive device comprises a belt revolvingly movable while
being pressed against the circular-arc region of the tension

20 member, a plurality of rollers arranged along a path of
revolving movement of the belt, and a drive motor for
rotatingly driving at least one of the rollers.

24. An elevator apparatus according to claim 23 wherein

the belt has a grooved portion extending longitudinally of
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wherein the belt comprises a plurality of belt pieces
arranged side by side in a direction orthogonal to the

5  longitudinal direction of the tension member, and each of the
belt pieces is in contact with one or a plurality of tension
nmembers.

26. An elevator apparatus according to any one of claims

23 to 25 wherein the belt has incorporated therein a core

10 having high tension and high strength.

| 27. An elevator apparatus according to any one of claims
23 to 26 wherein the belt has a multilayer structure, and a
surface layer in contact with the tension member and made of
a material having abrasion resistance.

15 28. An elevator apparatus according to any one of claims
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5 -as to be movable toward or away from the sheave, the
plurality of rollers being rotatably suppodrted by the frame
(130), and the tension member has one end connected to a free
end of the frame (130).

30. An elevator apparatus according to claim 28 wherein

10 the tensioning mechanism comprises a frame (130) supported so
as to be movable toward or away from 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.

15 31. An elevator apparatus according to claim 28 wherein
the tensioning mechanism comprises an arm (156) supported so
as to be movable toward or away from the sheave, the arm
{156) being elastically biased toward a direction away from
the sheave, and a plurality of rollers included among the

20 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 more rollers positioned

inwardly of the roller arrangement.
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32. An elevator apparatus according to any one of claims

22 to 31 wherein the drive device is provided inside the path

of reciprocating movement.

33. An elevator apparatus according to any one of claims

22 or 32 wherein the drive device is disposed at each of a

plurality of locations along the tension member extension

route.



