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;e3e\“~6JTC 3 A 1 DOUBLE-DECK ELEVATOR 5 1. Field of the Invention The
present invention relates to a doubl e-deck el evator capable of adjusting a
spacing in the vertical direction between ypper and | ower cages, and nore
specifically, it relates to a doubl e-deck el evator 10 inproved so as to
adjust the spacing in the vertical direction w thout causing any-inpacts or

vibrations to each cage. 2. Description of the Related Art Rﬁﬂ@MHMQWMWMNMI

doubl e- deck el evators havi ng uppeﬁo@§g$1§E&Qm§£§§§§§%_mhich M

arrive on two floors, upper and lower floors, o i1ding K |
increase the el evator handling capacity in the vertical direction ¥h®

hi gh-rise buildings have attracted attention. 20 In nmany recent super

hi gh-rise buildings, the design is inproved by providing an open-ceiling
entrance hal | ér | 8Bleydogfa ther §mvigndoron where hei ght fromthe first floor
to the ceiling is s%etopg@sle%?ger nbRaR sbhat hetween qther, fl00ksS.. 22 A
doubl e- deck el evator capable o cﬁanglng the spacing in the vertical
direction betwedgvaspar aREN et cagdysidoor di epaeinheispabengyenticad

vertical direcyiiorckgioneendd s h%§p@§en REoP9sed, Fer anpl [
conventi onal do&bl g—deck el evat or 30 1 sho?/m in Ié:i gr BQag%)éér gng Ignvc\%re

cages 3 and 4.§P@C§§é§@#ﬂé@ i ntta v%@%@%%ﬁlytﬁnv&blébﬁﬁﬂﬁeﬁﬂ@kaaﬁiﬁyﬁtpﬂane
2 whi ch i s1dhoi shedoleda 81 g 0p8 Rudfudt hehe réghtiapd shef thscrpushafit s

5L and 5R extending. in the vertical direction are rotatabl.y 35 supported

by right and | 8f-FeF&AOcay Fhalks CoASARY 23N R oABPREES MY t HebEagéonparke 2.
Drive notors 6Baahd lgef.or rotating the right and t 2

2. Description of the Related Art

Recently, double-deck elevators having upper and

15 lower cages which respectively arrive on two floors,
upper and lower ~floors, of a building in order to
increase the elevator handling capacity in the vertical
direction in high~-rise buildings have attracted
attention. _

20 In many recent super high-rise buildings, the design
is improved by providing an open-ceiling entrance hall
or lobby on a first floor, where height from the first
floor to the ceiling is set to be larger than that
between other floors.

25 A double-deck elevator capable of changing the
spacing in the vertical direction between upper and
lower cages according to the spacing in the vertical
direction between floors has been proposed.

For example, in a conventional double-deck elevator

30 1 shown in Fig. 8, upper and lower cages 3 and 4 are
supported in a vertically movable manner by a cage frame
2 which is hoisted by a main rope R.

Further, right and 1left screw shafts 5L and 5R
extending in the vertical direction are rotatably

35 supported by right and left vertical frames 2a and 2b
constituting the cage frame 2.

Drive motors 6R and 6L for rotating the right and
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|l eft ‘screw shafts 5L and 5R in the forward and reverse directions are

di sposed on an upper beam 2c constituting the cage frame 2. In addition, a
screw nut 7a of a support frame 7 to 5 support the upper cage 3 is screwed
onto an upper screw part 5a of the right and |eft screw shafts 5L and 5R
In addition, a screw nut 8a of a support frame 8 to support the | ower cage
4 is engaged ot asl:cbmr a%mrfew pakt abd &R the thghtfoamdridefandcreveshaft s

5L and 5R 10 J{]Peg@f_) %ha g %:rllga:nﬂ é)é%\ggrbea reé"é:pé‘értlsf?u?{lﬁ&e

right and left scTew Sh he  diTections
opposite to eatclhe otage. fﬁameralngly, when the right and | eft screw shafts

5L and 5R are driv spectiv o] ed_indhe 0 recpjon
by using the rlghteghgﬂg #§<§$IV% %%%%& ng gﬁd% Igt%ﬁ?fﬂéﬁfﬁé%é%l? Eb
verti cal dﬁreC$mppobEtMEenupmenqugea&dlsomerewage$niaﬂah4uppﬂrbscrew

reduced. On thg,other hang, whepthe, i gbt,and Lef Ly serewesnabhs gl and SR

are respectively driven an drrectrons opposrte to each
ot her, the spaC|ng ImlaﬁélvemmlcalSdrewcnumnBBeKMEen suppappeframe 8oter

cages 3 and 4 £l Rgf.e I e ,canvent i | e-d I r
shown in Fig. %@Bﬁg %e gba0|%gg?%gtﬁqu%r€£ég$g%lggg?lgh gﬁb%§t§ég%9the
upper and Iomepatégéb @fahbe4righhoﬁndeﬂﬁ@ta§FQQWe§ha§takéb and applied

respectivegly so thajpd hﬁp;SéEhEci‘@Q %sﬁfrtt $Gr ew S hafd Slo‘ibelangcé&absreosb

rotated, and the spacing in the verfiical |rect|on bet ween the upper and
| ower cages 3 @hd Bhes ﬁb?h’éha%ﬂg@d lght Accoran ngﬂfsﬁf%eéladja@‘ﬂl & t R&e

spacing in thetM@ébH@é'1H'%ﬁ@tHQ@eEQEW§§n FBSSHEEGanagchOWQheQageS 3 and
4, the brakes applied to the_right screw shafts 5L and 5R

respectively, are r%¢%%§%€n%%ythﬁ?ePhEh?|éhghénanﬂeﬁﬁf§c?€ﬁﬁ§h§h@§t§L5&nd

5R can be freehyd355rot aked. dkfiveRe auaberc@bepassenger sotib@icag iin t hge

| oner cage 9 is larger than the nunber of passengers ridi in the
upper cage 3, Fﬁéwﬁgﬂerdééﬁétho’be&)\(mél%@ &Ret hah9bhe %&fgerled‘éged§lv§ 10
15

motors 6R and 6L, the spacing in the vertical direction
between the upper and lower cages 3 and 4 can be reduced.

On the other hand, when the right and left screw
shafts 5L and 5R are respectively driven and rotated in

20 the directions opposite to each other, the spacing in
the vertical direction between the upper and lower cages
3 and 4 can be increased.

In the conventional double-deck elevator 1 shown in
Fig. 8, when the spacing in the vertical direction

25 Dbetween the upper and lower cages 3 and 4 is not being
adjusted, brakes are applied respectively so that the
right and left screw shafts 5L and 5R are not rotated,
and the spacing in the vertical direction between the
upper and lower cages 3 and 4 is not changed.

30 Accordingly, when adjusting the spacing in the
vertical direction between the upper and lower cages 3
and 4, the brakes applied to the right and left screw
shafts 5L and 5R, respectively, are released so that the
right and left screw shafts 5L and 5R can be freely

35 rotated.

If the number of passengers riding in the lower cage

4 is larger than the number of passengers riding in the



20 25 30 35 Thus, the biasing force required to rotate the right and |eft
screw shafts 5L and 5R in the reverse direction to nove the weight of the

| ower cage 4 becones |arger than the biasiqng force required to rotate the
right and left screw shafts 5L and 5Rin the forward direction to nove the
wei ght of the upper cage 3. Therefore, as soon as the brakes applied to the
ri ght and | ef upperevcadmf s SheaddwsR aragea ef dageohnsd hsavoesdjthen tihe

spacing in th%ﬁj\t/pr i&% gg'Lrecti on between the cages 3 and 4, the right and
| eft screw sha R@nd 5L are rotated in the directions opposite to each
ot her, inpacts andThilsyatthend iasd ngafcada readvd reayde I odrad o4, thend itghet
passenger s i n e 186553 80dsla PXPCETCOGE URPLAATAR! NESR - ACCR A oh 2
t echnol ogy has been proposed in ifch no rnpacts or vibrations are caused
in the cages Fandodeevdr® wehohheohr dles dppkredads thebeicghesankh &gt

screw shafts ShAnd pR Bigsiakeased M AUt NI BEL8PRAENGIght! ithd
vertical direction between t cages a 4 by respectively neasuring the
wei ght of the lslgess@rewdshathfd Sperst nihglieohbeof ogyarBatdigafiied tie? que

with a magnitygde,and, difecii©n acant digidet ocdde i fference in weight
between the cages 3 and 4 is output in advance by the drive notors 6R and
6L. However, in sudheredeirent REnafotRcl@fol 659, RFVkSE i GPHldA%t LAg Fidber

menbers fop elagjicaihy SUPPOLELBE LhRr€ages 3Anandpd Mid hrdasnadd 49 dde
support frames and 8 are disposed at four corners _below the caxges 3 and

4, and the di si? ag€aat ither mPadmg cit BReelerdAcal He &t Pokes™dn of

a floor of eacth€agggés Beanyred ByeCeighEPRRA N FIENENHS SShaaft L3R n@asure
t he displacenment in the vertical %i recgtion.of the caqte;cf?e&ccognd W t.h
respect to thesuppdrFoFprhRdsin LRhE &1 Ifnd 1RESyIPreS Rl AREY i s

cal cul at ed basafbadt s hendi spbaeedenls idrd heawssd | Tl tHer ealgiegn Dfardied, ¢

4 floor oﬁ each aqﬁ}obtained fromeacht ensor and:%hgggjaﬁtigxcgpféﬁgé of
the vibra i50n 91 a %gptalfbst‘?@rgeﬁé:‘nbéps. €10°4% 20 25 p

unpleasantness.

Accordingly, a technology has been proposed in which
no impacts or vibrations are caused in the cages 3 and 4
even when the brakes applied to the right and left screw

20 shafts 5L and 5R are released when adjusting the spacing
in the vertical direction between the cages 3 and 4 by
respectively measuring the weight of the cages 3 and 4,
and performing control so that a drive torque with a
magnitude and direction according to the difference in

25 welght between the cages 3 and 4 is output in advance by
the drive motors 6R and 6L.

However, in such a conventional technology,
vibration isolating rubber members for elastically
supporting the cages 3 and 4 with respect to the support

30 frames 7 and 8 are disposed at four corners below the
cages 3 and 4, and the displacement in the vertical
direction at the center position of a floor of each cage
is measured by corresponding sensors so as to measure
the displacement in the vertical direction of the cages

35 3 and 4 with respect to the support frames 7 and 8.

The weight of the cages 3 and 4 is calculated based

on the displacement in the vertical direction of the



35 However, the displacement in the vertical direction at the center
position of the floors of the cages 3 and 4 does not always necessarily

i ndicate the displacement in the vertical gdirection of the cages 3 and 4
correctly. For exanmple, when passengers enter unevenly on the |left side of
the cage 3, the displacenent in the vertical direction on the left side of
the cage 3 isfllange awhi leachhecaljsplodderneed | Arohe ezt i 6ansdir eédtd offhen t he

right side of the,cage 3 i Iz di ti t kSR aceppRt- in
t he verti cal ﬁﬁlagéctllcon % aerEgagdefs gt}g%d %gﬁ%t%%g d?éghgg%ngnt “In the
vertical direakimberat. the center position of a cage floor may be different

from each other acgording tQ,the .nositi [ roLing; [Secti
constituting the cga‘éqe%fagbrghguﬁ%}%@aé?% I@Eﬁﬁ‘?ﬂ%bggéggg?%gll ;/e,c iltoni s an
obj ect of % he atr esentcémvent posit bopr ofi dbea fdoghise-afeckhe| evaedr Swianch

sol ves the probl &I, | Aot NG 1800Ke LAUMRNLIANA!  {GFEROL OBKe AARRGRIO

i npacts or vibrations In cages when adjusti'ng the spacing in the vert.i cal

di recti on betvmerthgpesriziehl oderechips of tbereagpy Sornfold iGRFraFELY -

operation of screwgghald, find No,hlh { pa0asRgeP8 AMUA! EnabaRLy CORNIY the
(0]

wei ght of the upper an r cages. According to a first aspect, of the
invention, a daffl e-setsk afevdiher /DI S 0f ustispl ageeifaciily ithe ne

verti cal ﬁbre%méﬁt WgeReHPREh Al LAwer &@gesigeow tednen P gag8 frqume
in a vertically novabl e manner conprises: a screw shaft rot ta%,vg su.p({)orted

by the cage fr@nganyhékeerddiengdiFPtaeenerti dil e eveirbdcadc Bt SHHID
driving units errtﬁé)tlaﬂmg dtee of emshadde I tdhesdormard and reverse
directions; a controller for controlling tge ﬁgeration aof H&ﬁbscremzs ft
driving c. 5 unilts:adtifier SppbPtfhgdhehbareRfntn 1 AL h an
upper screw pair&dcidhe ser eWeshafdesind wert icadhy mheed iz tdwmesitation of
t he screw shaft, and 'which hoists and.s orts the u§Ee£.cage via.gggé
upper hoi &P s BiRI-¥epbofel paireatiphsEF oriancTpbef BRPETOPRt RE (hpetdtage:
a | ower supportisgr nRabebeWdiidiTdreneanghged eath athewercsorelingarto ttheaded
in a direction opposite to that _of th re 1 . 1 he re aft
and verticalIﬁ“ﬁ%@%ﬂo%y‘%ﬁerﬁﬁngFSEngf%F%e %ggeﬁ¥% a]ﬁ?ﬂéﬁgpl6ﬁ%hi§%65

hoi sts and suppbods.the | ower cage via one | ower hoist-and-support part

di sposed on an upper part of the |ower cage; an upper neasuring unit which
nmeasures a | oad on the upper supporting nmenber fromthe upper

hoi st-and28upport part; and a ISOWMARYe&FUTHEg INVENTHNh 15 measures a | oad

on the | ower supporﬁé%éﬁw fromthe | oper Qgi%ggtanq,-fsypgpét paekenthe
e

controller controls't opetation of the screw shaft driving unjts based on

the | oad val ueippenthed by previgser MR S HEUN ¢ LlAYREPheVRoSl FaLYES

obt ai ned 20 frpRet he JWels NBASWhHeNGativd Reheeatadnust i el spaci agdi n
the vertical direction between the uegg%#gge and t he Iov\‘/g}r1 _cagg.so t hat
o r

the screw shaf E2HFRTi ARG UAREC UL PUL DEorquéeddTh {5+ 4Md
magni t ude A=or enaceidarg nigheid otleé | veakibhasidigeicarion appivesh toppbe 28d

and the Tower LRHEY [PGtheP orast St Ry e U A atk B eV B aeer Aing
to the first aspeetw chdfte dursend unvest based hm upcpeurstlppme_laisngem@nﬁer
o e Over  BUPERL ASES TETURL SRR RO IEL L B, canti | ever bears
According to a first aspect of the invention, a
30 double-deck elevator capable of adjusting the spacing in
the vertical direction between upper and lower cages
provided on a cage frame in a vertically movable manner
comprises: a screw shaft rotatably supported by the cage
_ frame and extending in the vertical direction; screw
35 shaft driving units for rotating the screw shaft in the
forward and reverse directions; a controller for

controlling the operation of the screw shaft driving



The u‘\pper supporting nmenber hoists and supports the upper cage via one
ypper hoi st-and-support part disposed on an upper part of the upper cage,
preferably, at a 35 center of the upper par t thereof, and the | oad on the
upper supporting nmenber fromthe upper hoist-and-support part is neasured
by the upper nmeasuring unit. 6 The | ower supporting nenber hoists and
supports the |lonetscage vippeanesuppwrt oy Stemdivélr swhpoht ipardndgHeqabseditlon an

upper part of the | ower cage, preferabl at_a center _of the upper t
thereof, and t#& "&&Fon® ﬁ%WS%Ia&Reroaﬁu}plBSrﬁ%%%@ﬁgf PO t‘ﬁ%&b’\?\gﬁy

hoi st - and- suppaste@ardy i $hreasotetdiby tdfe |tbwer soe@surghyftyni tnd ~which
Accordingly, the.tptal ight of t upper cage_and.the total weight_ of the
| ower cage canh%ésg§cFB??&%B?%R%%JEE&!%@p% e ﬁgﬁeylﬁm95€4ﬂﬁp%ﬁp %+?€part
and one 10 9 owendhsiuppeandpauppatitspoarcid, oresgectpperypaatd dthetlvei gbpe of

t he upper cage_and the .l ower cage can be asureg.c rrectly. The controller
controls the oﬁ%?gti &n l(Slf‘“'etrheS Bw LKA TeRY Vi KGRI 8 t?égq&?eéﬁ "f’f?tg-‘v@i ght

of the upper ahdwéb |owesw cpges neasesdedcadnr eat | Jivscidiscr oppdsdlteveto
bef ore ad) ust! paothe, SPAgENdubD Neer) | gl dispction belusen L uppar

cage and the | ower cage SO t he scre rivi put
drive torque wrehtacdiligcmovrdaby robgniraice: ifaor cfarded | screwmeshatiat i andl 20

bi asing fgrge @HEELG%&i%tté‘eax%&rgiﬁ’PﬁB?FE acthte”P&LE@ﬁ' Sagg e FMJE epgpee in
wei ght between the upper cage an e lower cage. Therefore, in the
doubl e- deck el Boasbraadcsrabrgtt @attie dligsmisebpert anf upberpmesdntof the

i nvention, the)sgeew @Byshatl i pPot HUANGA A t Lhhut ahh ok O ddig dlidd epence
in wei ght between the upper cage and the | ower” cage even when a brake to
stop the rotat8adof ORhetBer c¥PRMAS tSURPQEL dE ednaiRaT adirest | #§et hBPBBACi ng

in the verti caho%'teﬁhhogupﬁb%e?)atr@ WRREMa CRIReRNRled £i8r 1 9Yehin ¢AgRniaRd 30
any inpacts or vibrations are not caused in each cage when adjusting the

spaci ng i -2 heMGaFresl adikad iom BBEweOWSLhSURRSET 188y dneifRE ] hEr PBwERe

cage. Accordi ngoverahseeerdnaskeppodt phetRresent invention for solving the
above probl ens, a doubl e-deck 35 el evator ca@gbl e of adjusting the sggci ng
in the vertical direBfi GRPHEOEER IR Wt e ORRA2EREN QKier tR&gESHANCh

are provi ded oshtlfe chgeriffamMnits abased on the load value obtained by
the upper measuring unit and the load value obtained
20 from the lower measuring unit before adjusting the
spacing in the vertical direction between the upper cage
and the lower cage so that the screw shaft driving units
output a drive torque with a direction and magnitude for
canceling the rotational biasing' force applied to the
25 screw shaft attributable to the difference in weight
between the upper cage and the lower cage.

In other words, in the double-deck elevator
according to the first aspect of the present invention,
the upper supporting member and the lower supporting

30 member can be constituted for cantilever beams with each
base end thereof supported by the screw shaft.

The upper supporting member hoists and supports the
upper cadge via one upper hoist-and-support part disposed
on an upper part of the upper cage, preferably, at a

35 center of the upper part thereof, and the load on the
upper supporting member from the upper hoist-and-support

part is measured by the upper measuring unit.



vertical |y novabl e nanner conprises: a screw shaft rotatably supported on
right and left sides of the cage frame and extending in the vertical
direction; right and left screw shaft driv%ng units for rotating the right
5 and left screw shafts in the forward and reverse directions,

respectively; controllers for individually controlling the operation of the
right and left scremehadbeddr EMppardhyS mefB P PRI sSHE RO | HigopErber thahi ch
extends in the right-and-left di rei::ti on .above th ubi)r_g)er 10 cage, . and ig
engaged with upPeFTsERER Faft ST e T S Gl T eTHPRYT ewP3haf #55BRES
verti gal ly rrﬁveﬂ_ lh)lf"l thppsfsr sﬁﬁaéts;tk&; I Q@Bérsz i ﬁgeﬂeﬁbmyav\/_fﬂtﬁha
extends in the right-and-]left direction above the | ower cage, and is
engaged with IS@\BEech m‘?typ\wﬁircrp%&e ?ﬁ?ﬁﬁa d iaﬁlv‘fhiéh‘iS?E?ia%e&I} ohhe
opposite t& t havtwet thepoppengsarceaparionoftidel swght handtlehti-sapport
shafts and verjically nmoved b he,screw shafts: right and left upper

hoi st-and-supp%?f%pégt%‘eaﬁ}lgﬁ&a%é’ aﬁgpgggaroﬂe?ﬁngﬂgthégd | eft sides of

t he upper part of thecappeErgtagetha theéavi eiedichy aff tihe 20ppéghtagedahaf t
screw shafts, ed w t he. upper .supporting nmenber respective to
hoi st and suppggg the upp"é&égﬁe;&rigﬁ? &H&'elref‘fa?%v\ﬁ?nh %t?éﬁg‘ééhﬁﬁwt
parts whi ch arwmedsspededoyn drifee npgktr andibseféndtsespoftt mippandpaotheof

t he | ower genj he, vi:Gi,ni_ty, 25 ri.ght eft.screw s ts nd
engaged wiltcoﬁ1 t%gQF%mP\és}%gpgm %lpyé%f)cer F{a{ergér}ecﬁl%’eé%/é%% %%f’st gﬁ SEB ort
the | ower cagevweiphht @ahd Uhaf t uppeer aedsuramd) ushiet slbwermeesye i gt hbel oad
applied to themgggggeaugggq_,gic@quenber fromthe right and | eft upper

hoi st - and- support 30 parts; and right and left |ower neasuring units for
measuring the | oad Bppl ceatrelirs |mtiraluppohrei ageretber fafonthdeserght

and left |owershairst 43¢ 8UPREY I PHLq Hie ©antyof ﬁ%so§O@BéohpFQ§ and
operation of the left 35 screw shaft driving units based on the T oad val ue

obt ai ned firom LR¥CFeCRISSpSICAFRHAY i SRELATELMMS t AesFhiedapbevebbainsa

frotm_thle 11 eft bg\g@ggﬁtaqsw?ﬁswin@eiﬁr €he gfefl;ﬂill"iséli n@if@@t§@@citoﬁﬁ¥vle@nt he
vertical directjon between the upper, cage an e | ower cage sq that a
drive torque V\H‘ﬁ Al Fec i3y aﬁggnatd?ﬁ t Eﬂ’é’eForC%%%célq nghehe Thi afraRYl

3! ?fsi ng forget anlalfitegdtr?ivtilgl@ |Qi|°1$it;sC{€tV\l{t$ﬁ1h aft & a&fﬂr@u:_@bk@éo hhe? a
i fference between the |oad .applie upper_supporting menber .fromthe
R Ol R A R )
menber fr ikefing Girgtl- - speew tka putri ai too
front and back nt y. 0 o] o] iLon.of t rig c ft
i ving uni - biiga B e Eaa b arao8sy BERARCR shie kb ideg pafd Th8
measuring unit l@weért s@degad val ue obtai ned fromthe right |ower neasuring
unit so that a drivenLe Wt jr i n Liu gangel ing
the rotational biasi ,né gggg'aégﬁ ?cel-% tﬁ%%l_r%%}? g%gzgvegtaggcg?tarlﬁguggbl e
to the differehdb® bbifisen asRedtoadfonthte DygsEntsuppBeRLhgnnetde BESRME he

ri ght uppers hoisplarands SURBET trdtdftle ANl £ PEoh €281 ON thh&H OV £ SUPRREE T RY
menber fromthe right 20 | ower hoist-and-support part is output. In other

words, in the Y63IE- FReRVEFRV LS URRST dFAESt GitthetBec i edsperee o VeRe

present inventiwben theorpper tsUppept the MRHREAT Nk hend O¥BFeGUBRAELI G
menber can be coHstltut ed for cantl | ever beans sugforte_d 25 by the right

and left screw SHEPSSY THEBSRppafIBEHpBAt i e nefdRriMdi sty dlf sUFE&ice Lt he
upper cage Vi adihedtpper Hutivileranthsuppest pagé SadiispreedoaBdrr icgbt, ansgd ef t
i des of ‘th upper PRLLCEL Lhe YAper. 399 20d the Lover jsupporting frember

when adjusting the spacing in the vertical direction

between the upper cage and the lower cage.

According to a second aspect of the present

invention for solving the above problems, a double-deck

35 elevator —capable of adjusting the spacing in the

vertical direction between the upper cage and the lower

cage which are provided on the <cage frame in a



30 and supports the | ower cage via the upper hoist-andsupport parts

di sposed on the right and left sides of the upper part of the |ower cage.
Inthis condition, the right and | eft uppey hoi st and- support parts are

di sposed in the vicinity of the 35 right and left screw shafts,
respectively, and the magnitude of the |oad on the upper supporting nmenber
fLom the | tet ue}gm;lcaml)mé-xa@dalsy@ro?hnﬂ@ft ic@xﬁlp%c@s@@bst @Rt istidew eqlgdft O

t he magni tude of t oad on the left screw s rom the upper supporting
rober o and. ¢ HO WG OdS GPOF RES) B34 TR ERE hpes L buBHOPE: Y. ot drads om
the right uppefrdid sin@n€xseRAOAY PAr thieS versubkstatiir@dit cegquadi g tded

magni t ude of the_load on the Left screw shaft fromthe upper pporti.n
Tonber i 1 A5t CERESM Gte bl O SRETBoun. Yo SOTartD S0 t LA T e

di Zpo?]ed i B tmad/i ci@f’ﬁy ﬁ&rfehedshghtﬁan?nl efthes crivvaitaf t Sanr%d eslltmr:éﬁyeﬁl Yy,
and the magni tude 10. of the |oad on the |ower supporti me r fro e
Teft 1 ower hoi S eiot Gebporie SR 1% itibs CRREF RLLFEEquaPZt o I Hight 1ide
of the | oad omcdrterdEfingcréw stpétatiom bife tlosverighppoand ng efenbesreand
t he magni tude gf_ft.he | oad _aon the |ower supparting nepber fromthe r,ight

[ over 15 hoi st SABRIRE St TS o BBs AR al PPRAEATAEo B g b Ea of
the | oad on thextemit s$ordnweshafdhff+ranmdtheft odkerestippor bbogeneriterupper
Accordi nghy, t ef pper Iy ni d the t SUr |

unit can gérre{%%/’ n‘%sréésfu?g teﬁgg§gdnaqgr??{t ﬁ%)éj%%f st%ee‘“l gjaadréos(r)lvyﬁe %fﬂ@ggew
shaft from t heangppéefsupgoen mphafbirdbernd avert heakbhygnimbudd oy ttie | sadewn
the left screwshaff.fLomhe. | o 'grﬁqorxfléﬁgeﬁ”Qﬁ&chs'e@t'e?{dsé’éin& Nene

.right upper measurihg unit and the ri ower heasuring uni
correctly neast¥ghthandsleggnidiuctaion habpygad ©Wre t Reweirghtager ewnshat s

fromthe Uppereﬁ?‘&?@&%ﬁ!@h”ﬁ%@b 523wt Be YrRoniniwde He therd Qath o toge
ri ght screw shaf romthe [ ower supporting nenber. The controllers control
t he operatlifon @Fre¢peieef erposideeviashbhat doifyithe uRPPebasededn B3t s oaf

val ue correctl ynhgeasyhed 231 desed | SefeRbergrbel ang adiusidg ¥ heowd@CchHg in
the vertical direction between the upper cage and the | ower cage so that

the left screwRhaPErari ¢fad teni iR al @t VePReF ghiel AF T ARE-arPReF Fon
and 35 magni t uggrter whargeldrg divbsdat bonahebiraghhg drer Cr Appsi@dst e£t he
| eft screw sha{t attributabl e tlﬁ t.he difference hetween the, I.otad og gﬂe

left screw shaftefPBREE PEthe updes LbBpbr ERHG ard t"he"Y o €t he

| ef t scre@Oshafightoanﬁhddﬁnmgcsmmpshafng{nanhe@nqﬁqédzwﬂgh_tme upper
e PBihPbe LR RREALC, S e 4 B (S SERY A0S g Uit
upper cadge; right and left lower hoist—-and-support parts
which are disposed on the right and left sides of the
upper part of the lower cage in the vicinity of the
25 right and left screw shafts, and engaged with the lower
supporting member respectively to hoist and support the
lower cage; right and left upper measuring units for
measuring the load applied to the upper supporting
member from the right and left upper hoist-and-support
30 parts; and right and left lower measuring units for
measuring the 1load applied to the lower supporting
member from the right and left lower hoist-and-support
parts.
The controllers control the operation of the left
35 screw shaft driving units based on the load value
obtained from the left upper measuring unit and the load

value obtained from the left lower measuring unit before



adj usting the spacing in the vertical direction between the upper cage and
the lower cage so that the right screw shaft driving unit outputs a drive
torque with a direction and magnitude for ﬁancel ing the rotational 10

bi asing force applied to the right screw shaft attributable to the

di fference between the | oad on the right screw shaft fromthe upper
supporting merndeeiusaichd h’ehéoaoaomn'gherritg’m ger e shafif recaiohhéd towem

t 15 A di t he _doubl e-d | t
he’ second aspa BIPThe RESEH? FRUCAPTGR, CHAF EXambiry, ceotn Wnar tdie” °

passengers entwirthunexenbyrenttbe | efrid srzmbgmitmimh tage, camyedn@cof tthee

right and |eft ew shafts is no rotated u I t f ce
in 20 wei ght bre(tstt/%tejhort‘_’h %%sern%a%%r%%da}tj]ﬂ W%rg t(1::gll§e v?htfceEn Saq:be(ruaksf'e a[fgpst op
the rotati 6n aftttieostalele shaf thei silrﬁa‘iee:aamé viheettv et uShen@otah?e apaciad in

h I

mpacts or vi it e BPEE cSiBRhlEAHEn FenERle 3B, S (AR, GRS A ATY
aspect of the gumsent ipuehti egmdinthée doaldl e amﬂdldeei ev'a@or thecor HWWRE t 0
the first of SSGA0G-AAREChefbel NG RELSENL hEYenhly i SPDSG L 09

unit and the | nmeasuri ng unit conprise elastic o i es |nterpos d
bet ween t he upgpert sippontpwy. 30 nmenber and the upper hoi st-and- support

part, and;Between the L oyer, SURPARLI NG, regher aé'c%t% die ' control the

hoi st - andSupport part; and sensors for neasurin rmation in the
vertical direceporabionhefekhst réabsdisesewTisd tdfrdl’\tlé}?s W@s‘bé@%%l?ﬁ

calculate the {pad l%%dvaxré@l@aéﬁga%e&h%x%hrﬁsﬁl't& ‘EQﬁﬁtaﬂip;QJr txﬁ@a@uﬁi@ﬁgc
bodi es and the defornmati on obtained fromthe sensorsS. In other words, In

the doubl e- deckd&F e@iCorthe gloagdy wakus dPR§aiBethd 4am skher Heting! %‘é%@ct

of the presentpéaygpihgnuntife dOt Bhaveiaghir Bfe t hergpoeiviand 4 OWEfe@ﬂgﬁﬁ is
applied tqg _each supportln unit via each h0|st andsupport

Accor di ngily, t#eddBREPAEEFEN PR (RS ARdii% AP 1A | l?’n%seli‘%s‘f'?’éce

bodi es i nt er pogggl betivean eaeh hpyist - Q#ﬁi‘e&upﬁﬁéttpiﬁﬁtﬁmhmhe Slt@potheng

nit is measured, and the | oad on eac rtin t from each
ﬁo: stI and- sugp ?‘ffﬁﬁﬁf‘cﬁanb%%w%%lilcu%é zluc%gfré’ét Ig)tf%ﬁ’:asgﬁp% oﬁuPﬂngﬁaﬁgured

deformation i rnnéﬂnbeyerﬂnc@cal tér edighan tqmlet haotkasbnd-copgbant wdrt hend

el astic bodies B eldalstl C godl 18 |nt §$§91r113 t}oaf@_gp eactt}ogrg gng%éHonrt

part and each Eu p rtlng un| 5& VI I on |ng ru rs to
el asti cal 130 holswet5heash- aagesapﬁorﬁppeve titgeonitgatqual ity thereof. The

sensor for measuri ng%t he)tql%frorrr@gjkgg inthe ygeti Q@gug@({__e&gglpn gfiet/B8or

el astic bodies incl ifferenfral transducer or a I|inear encoder for
measuring the @rspadéadhéonddie smaerishiatpeid-alipplrtPPespart 1aNaNEALH/

supporting unitpea e@rorgd;&%rtdlﬁ a&%ﬁb%%nseﬁdUStm s beapsp@r:tlng
infrared ray. According to a fourth aspect of fresent i nvention, r&t e
doubl e- deck el BEBPEE &EEoRE r@rt%tttﬁét%u%ra%%% g¥erhhepRssspprorte

i nvention,28 hepGoRheoklighs 3hdadielfst st:rlr@wsrga@fm;g in the vertical di rectl on
bet ween the upper cage and the | ower n,_gg based on, t he deformation in.the

vertical direction ofet HRPEFaSHPRAdd L5t #RE SBRBGFSS the

upper cage via the upper hoist-and-support parts
disposed on right and left sides of the upper part of
the upper cage, and the lower supporting member hoists
30 and supports the lower cage via the upper hoist-and-
support parts ‘disposed on the right and left sides of

the upper part of the lower cage.
In this condition, the right and left upper hoist-
and-support parts are disposed in the vicinity of the
35 right and 1left screw shafts, respectively, and the
magnitude of the load on the upper supporting member

from the left upper hoist-and-support part is



In other words, the controllers for controlling the 30 operation of the
screw shaft dI’IVI ng units control the rotational direction and the total
nuirber of rotation of the screw shafts vig the screw shaft driving units,
and controls the spacing in the vertical direction between the upper
supporting nmenber and the | ower supporting 35 nmenber. In this condition, in

t he doubl e- degkbglawatian 15ceeidiing:d othdembbhi dudspedt wfe t headr eaerthe
i nventi on,

25 30 35 carrectl Furt her,. accordj ta
fifth aspect ifa t%hescp?eé’%eﬁpa?ﬁvefrﬁqnb Qh? nUpﬁérdoﬁ}mp@rd@g}g e?‘%’i‘}é?gr 2nd
according to the tkerdefid i athd Néde ¥ertheéalipgeteelibpd rofingaciemieastic
body, therefore, the relatiye position of each ca to each su rtln% uni t
can be obt ai né&oc‘,‘brrég‘fel y, FAARTt he"RRSEi ngh‘?lnsh?é'?‘geﬂf?%%tl‘t di rpg%qi
between the upp®steadd ANd tddlowes thgemegnibedadjafSttate mhoadf blnstthfer

d t of_.th t t th t dth
ovor  monsur | g ARG TR AT TR AFEe d SR 4 RETE, cuppor i ng

menber and the uppeimbhdisiiyandtheppaighpar hndand elfet wdewetrhe Haovedr-and-
supporting menber and the | ower d p rd n h in
t he doubl e- deckF&%Vat O?r% cd1 vi ﬁg ?% ?ﬁ |rpcs o‘?fés%%lo% gg gﬁltem%;l t
present inventanah, lehie tsatralw welhghts of resepeappeeland amvetheagwnlstude

respect i vehy ﬂo%mﬂheghfeo?cgg%b EHEPIRLL AT SHBLb XL RaeREMAS Sl brid HROF

part. Acc on eac Su rom eac
hoi st - and- suppimWerpahblsanabd ebproned p:a:trtr ea;sl yulfstan sl lsel Equegl to

St ey posed beluteenneath Aok Sbrandis uppos | oRAIANTLAACHCSUNPANIAD MRk
Still further, "accor aspect of 't resent 1nvention, In the
doubl e- deck eltdvat épwgc”coﬂmm:grttﬂdlq h@efﬂbﬁtfh aasmbc!: ef magnbredenpf the

invention, thednad,geths abGedl §QB§89thHg5ﬁE&nB§rW'ftr|&mt he el hades
bet ween the upper supporting nenber” and the upper hoi stand- suEport part,

and betweéfh tHRIBvEINEUPHRTh gR?é?rﬁ)erlsanéupﬁéaP(‘i&éllle §flahd- ERppbhe

part. In othemywitsudd fokhenkoadaeeldn afsk t heglt askirewbeth far ef tdi etipesed
in series between each h0| st -andsupport part and each supporting unit, the

| oad on each s{&i}b%lftwﬁp%ﬁn‘ir% h hoi st-and-support part can be
obt ai ned correctly pqanfiiGage i stigéaseirealdppesuppoisedingndntie aridlethe

quality can belégpr%%%%gt“ﬂéagﬁrlng unit can correctly measure the

20 magnitude of the load on the left screw shaft from the

upper supporting member, and the magnitude of the load

on the left screw shaft from the lower supporting member.

Similarly, the -right upper measuring unit and the

right lower measuring unit can correctly measure the

25 magnitude of the load on the right screw shaft from the

upper supporting member, and the magnitude of the load

on the right screw shaft from the lower supporting
member.

The controllers control the operation of the left

30 screw shaft driving unit based on the 1load wvalue

correctly measured as described above before adjusting

the spacing in the vertical direction between the upper

cage and the lower cage so that the left screw shaft

driving unit outputs a drive torque with a direction and

35 magnitude for canceling the rotational biasing force

applied to the left screw -shaft attributable to the

difference between the load on the left screw shaft from



13 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a perspective view of a
doubl e-deck el evator according to an enbodi nent of the present invention; 5
Fig. 2 is a horizontal sectional view of ]} rough the line A-A shown in Fig.
1;,.Figs. 3is aside viewfromthe directton of an arrow B and a side view
fromthe direction of an arrow C shown in Fig. 2, respectively; 10 Fig. 4

is a block di agleanusbem rasgl;ipmmeigatmemsérp Aret ween ebedd measurhag leditt, a
controller, andadrlve not or ; a _side .vi ew mlar to Fig. 3, of

a nodi ficati of<TEs EhGEte Gromh tsriedelqy"lee’ﬂ/\/séjiprﬁqr % 83 of anot her
modi fication; Fig. Sth&a&l@QhQTBﬁlcforﬂixdﬂl\/él@N eéntrebubhe- deek a¢lievatod of

anot her enbodl nment ; Fig. t f I
Goubl o deck eIt bi-GMBESOR 1 ERRBE. HIE s LRAES ERRCES TS bR atknt
of a doubl s- damxﬁ eV@d:@fe@&fly heme@é@ﬁ@dilt asveﬂtelscmw‘eﬁl h@ocbescrbelf@ctemth
reference to Fi %ﬁ In.the desc}{ }Lo ct@ljf
direction is ® BRAHERE da o edlY%EEf \gﬁéreﬁ éﬁtn toel St

direction is dafd ne@pas tbegei raeet | ohei nloMHmhcageenM ardatdobhe ofr iggtth
cage is opened/closed

d the.30 d t

direction in vticH pﬁggg géir%%éﬁ’tgerlfe Xi tggégﬁ%g%el | rstF§?q?§e£§§ﬁ re
stlr;JcLurg of aci)ﬂgm)ttﬁilrdecambl maajrmtul:teo éocordangelon(?hetlpe eseatta eirmyedl ment
Wi e cri.be f

hoi sted b 6 r%l% V¥6 : hggePlcg P%m etfot Sgg?l caﬁgg&grrs %ggaﬁ% 13L
gxten?;ng |n t&mimmbmtabdedtoedﬂunndbéfﬂeemcanb@@p@ﬁnbéﬁﬁi1loaﬁd0@ | heer
eam ni t I

e 14 10l LBl Idne A £06n 18R fl?;g‘e éﬁg%@%iﬁa RgaE 1Ry and

ri ght an screws (screw sha d 17L; which are
rotatably supporeedlédydsupporthar nsiddR aperawL $1Mf’éd feomn pperl B 11

and an supporting member.

15 Accordingly, in the double~deck elevator according
to the second aspect of the present invention, for
example, even when passengers enter unevenly on the left
side of each cage, any one of the right and left screw
shafts is not rotated attributable to the difference in

20 weight between the upper cage and the lower cage when a
brake to stop the rotation of the screw shafts is
released when adjusting the spacing in the vertical
direction between the upper cage and the lower cage, and
any impacts or vibrations are caused in any cage.

25 According to a third aspect of the present invention,
in the double-deck elevator according to the first or
second aspect of the present invention, the upper
measuring unit and the lower measuring unit comprise
elastic bodies interposed between the upper supporting

30 member and the upper hoist-and-support part, and between
the lower supporting member and the lower hoist-and-
support part, and sensors for measuring the deformation
in the vertical direction of the elastic bodies.

The controllers respectively calculate the load

35 wvalue based on the elastic constant of the elastic
bodies and the deformation obtained from the sensors.

In other words, in the double-deck elevator



5 intermedi ate beam 15 horizontally extending in the right-to-left
direction at a mddle part in the vertical direction of the vertical beans
13R and 13L, extend in the vertical di reﬁ' on. The right and left ball
screws 17R and 17L are 10 rotated in the Torward and reverse direction by
right and left drive notors (screw shaft driving units) 18R and 18L, which
are fitted toathersipgorto athe ¥4RsandbrAdkecvedpectacd yof Thbet presdmg

direction of an_upper screw part_.17a .1 r oyi en _side eof
and that of af'd l?@re\ﬁ?‘beaﬁioﬁaﬂb V"perlo(*%r?1§e%l]¥oﬁ§§1 ﬁ@a%? glplge 19?3%65}3@%:56
opposite to edaeh @xphered The apertatsoppoftihe minght -amml kefh dvdias-rotdor s
18R and 18L can_bhe itndi vi.dually controlled by a controller 20 19 which is a
m croconputer.su@;?ﬁérr gr"fl(ftl'omer cages 20 and 30 are supported by a
supportingsunit (natcshdingliyn a veet i cdfiormetuiabl e dmnnethénsivkrtivalcage
frame 10. The uypper, .cage 20 I apai.r_ of . r 2 ich
are installed dei‘trpeﬁ'tolrﬁrga%% ngg%&ﬁ%??%n e e%{‘Eg?ggg?ﬁ??ﬁzw%?au:ééa%d
they extend i mdist-erd-sgpaitr ecpann, and aepshr efuppoad ngeniyarid 210
~ which are instgll f t d K,EN 0 Il Ii4e 4t hesd gure
and whi ch exté‘% sﬁ%etache %@@t?@%l lg?(rqe%ﬁi g%FhS%ukgﬁgfttl %:)grl support arm (an
upper hoi st - aftbisuppord- paryri2paekt eadi hg icelichd adest tafinastlibrPas@@nds

over uppeioends, Ot nte PR, 0 AT RIRES Si2llend) GbaRl clbPedi Roketomnd

support arm (an upper hoistand-support part) 22R, extending in the depth
direction 35 perdiltld elazthic | ednstpperosupporelashiodpodess ends over upper

ends of a pair of fqrh@teitggt@eclbcfdiaége %%%F%%&Rw&é&ri&l&h shélest- 15
The front and back ends of the right and | eft upper support arms 22R and
22L are conneR@r3@erReEh oPREE f ANdr oi 9D ceMBAPOBLIAIpaniss Mht Rhd

back rei nf or ciwg,PRebek s 18318k nd4 RNdi Members heor iy sticd iy hoist
direction, as shown in Fig. 2, thoug

the¥ are OT ﬁ%eﬁgi n F'tg. 1.
Sinilarlyl5a |9REh cage 30 cUARFPERSTRE phifeofiuf iy fb&PS-31L which are
installed at front mu Baglscendsoen héesheihgsithe i Mdferrfatgure, iandthéey

extend in the 10 vertjcal,direction,.and a pair_.aof franme nmenmber 1R whi ch
are installed Wr¥+od a%hr%%iﬁko%no%f o%q}enee gt Ssi &é’dilﬁst hénFﬁagFg %d
whi ch extend idifhergetiatal tiaresducsr Adreft al ovieinsampporhcadar a fower

hoi st - and- support 15.part). 32L,.e ndi ng i.n_the h dicection_

over upper eﬁglge%?ufﬁggpa%?eofdlfs;(%a%}‘:deang}ebtgqc emrg%%mﬂ%égg_égﬁ gﬁbﬁﬁgﬁl ef t

side. A ri2ght pawer asuppoath aspppartongr Urbitst - and- sapperptieakt figkrnce

extending in tanggptnsghgegg%gghgggﬁ! Lel ?.E?rggehh§alye:'ft | ower support arm
S0

32L extends over upper enf e pair o ront and”back franme nenbers 31R
on the right side. FpeOFdbng at@ back Erietlf eREeftghtofandtiheft PEBsErt

support arms 32Ryandidal ane eeangstedelgeBRCR1@ARGL AcadrdBidf o6 cenent
by the pair of front and back reinforcing nenbers extendi

: ac ng in %he
right-to-left 8Pr&EtiaTPeGthi ParI5he PYRRERppelVERde °Fp, ‘f*ﬁ%ugﬁrnt k&Y L&FE

omtted i pdigadiust the spacing in the vertical direction between the
upper cage and the lower cage based on the deformation
in the vertical direction of the elastic bodies obtained

from the sensors.
In other words, the controllers for controlling the
30 operation of the screw shaft driving units control the
rotational direction and the total number of rotation of
the screw shafts via the screw shaft driving units, and
controls the spacing in the vertical direction between
the upper supporting member and the lower supporting

35 member.

In this condition, in the double-deck elevator

according to the third aspect of the present invention,



An upper support beam (an upper supporting nmenber) 30 91 extending in the
right-to-left direction is disposed above the upper cage 20 and bel ow t he
right and | eft upper support arns 22R and1 2L. Right and left screw nuts
41R and 41L fitted to right and | eft ends of the upper support beam 4l are
35 engaged with upper screw parts 17a and 17a of the right and left ball
screws 17R ananhk7L .ddmspeatiotel yin Thenhaippeersuppdrt dheant4dni s ofi vetaaddl y

supported by 16 the right d left screw nuts 41R and 41l by a.shaft 43,
as shown in FiEgas§ics; W&&fl@?}e&fe&&ﬁ@r s@b%oﬂeﬁﬁéé%e( f?soﬁjro%u%oretaalénhg
menber) 42 exter@ ng i Bathesupgbttiag efniwicact bonobs aindids pesedatiove t he
| ower cage 30 and bel ow t he right dleft u r su rt ar 32R and 32L.
Ri ght and | ef @P&r BRE nRRE AN ah }%_e ff’?%’éag?‘g r(i‘sjg‘%‘tocq%l]r?dl I ggFWSﬁasn%fe t he

| ower suppert RRRIA 42aake engageie W IdwdoWerageer eanpabes ddpusined 1Tomd t he
right 10 and | eft ball screws 17R and 17L, respectively. The | ower support

beam 42 is pi VOS5 1s)irpported by the right and left screw nuts 42R and 42L
by the shaft 43, simirtarlry tazddreliuppero sappofthbeapedt. oFhertef g sawien

the right and Jeft ball scre 17 an 7L a ..t he for d
direction, thepEer StippbPt \éﬁsar#%&iles q%oc\%er%d%g%%%t %ggf)%\%\lé%gsﬁp?poep?é beam
is elevated. Gintdte othesebtamd, aspect hefrige pukdextt bavensépaws WHR and

L7 are ropal ehddl tHEALEYSNSE WIECLhAN ¢80 LORAPARL, SUPROLT JDRAM Ao | S
el evat ed, “and e 1 ower “suppdrt beam’i's | ower éed. he upper neasuri ng
unit 50L is irteagoseelbet wesherhesagpebesugsor t Weamuppeind $kRPUHHER]

support arm 2 h e S| and .a i ﬁ*ﬁ?a%“c” I OR

is interposed%tlgee'@gm]eelteng?%e%h%pggsglﬁp%grl% eag%—f%e%ﬁ)&t e udp%%ﬁ%ﬂ%egrm

22R on the ri gthe sildaierTheupppstisgppoerbosamnd tthes hersts s Stapdrt s

t he upper cages\%gpc\[(} Igg,_et.ri ght and |l eft upper neasuring units 50R and 50L
and the right a eft ugRer support 30 arns 22R and 22L. Simlarly, a left
| ower meadd@ring uniin 60LTRSTI Nt fdded BBt wekhe t hEaUSWE SGFpor £ BEARY %2

and the |ower sdpppdingdr Fo3dnonsihet! efrt sddtend andpacti offt droweprerastri ng
unit 60R is interposed between th? Iov,veli] 35 fSLH_POI‘t beam 43 fmd t he_| ower
support arm 32F%erEheRri e spdel weight o ¢ upper and lower cages

is respectively applied to each supporting unit via each
hoist-and-support part.

20 Accordingly, the load on each supporting unit from
each hoist-and-support part can be obtained correctly if
a load cell is interposed between each hoist-and-support
part and each supporting unit.

Still further, according to a sixth aspect of the

25 ©present invention, in the double-deck elevator according
to the fifth aspect of the present invention, the load
cells are disposed in series with the elastic bodies
between the upper supporting member and the upper hoist-
and-support part, and between the lower supporting

30 member and the lower hoist-and-support part.

In other words, if the load cell and the elastic
body are interposed in series between each hoist-and-
support part and each supporting unit, the load on each
supporting unit from each hoist-and-support part can be

35 obtained correctly, each cage is elastically supported,

and the ride quality can be improved thereby.



The lower support beam 92 thus suspends and supports 17 the | ower cage 30
via the right and left | ower neasuring units 60R and 60L and the right and
left | ower support arns 32R and 32L. Next ;a description of the structure

of -the right 5 and |left upper neasuring uF‘nts 50R and 50L and the right and
| eft |ower nmeasuring units 60R and 60L will be given wth reference to Fig.
3. Since the structure of BRIEE® DESRIBTEDNIOR STHES DRIGMNGRl , a description

of the structure of,.the Ieft 10_uppe uring_unit 50 w | iven. The
left upper measur i fig %uni ¢ 508 has g BEP?Cng?orVk?ﬁ an Hﬁcﬁkﬁﬁiggﬁ%ﬂﬂbdies
52 held in thelwerdtical abcecdion bet wean eerdbddinghtpl b 4hd | xetk ontan
upper face of Hﬂg qpper support beam 41l and a fitting plate 51 15 fixed on
a | ower side of the er support arm 22L, as shown in Fig. 3. These

el astic bofies 52 éh@st i2cdld ya Suppicrdn aie sgppeioreAger iy @hdlacdudts the

vi bration isolsating, rubher inmprove the ride quality for
passengers m%d“?%éjg Ow%H??’TEJe?eO]HaI transducer 53 as a sensor for
neasuring the defoftigtsi.on3i ns he werdd caledi riaodn onhef diweeqaidn ob £f ramt
and back el astj die 2 t ce |n th vertical

di rection betméé“gf %%éuap%?dguggort g%ﬁ&%% fﬁ@ upp righppoqué%m
22L, is di sposdtbwn Jantli‘Jpg whi ctespediol dellyi n an L shape, of the fitting
pl ate 51 the UpREly SUPPQLt Jar ir
of front ggd back gﬁ'stlg g%dles B%i%§gnalghggghéiq?¥pef¥ﬁgpléﬁ§hﬂ§
differential theferizerash éneeaawralm erel, t @ codoblérr a8dviea M iveg
54. The signalpd¢@psmtted fromthe |left upper neasuring unit 50L is input
to a left side drive notor control unit 19L of the controller 19, as shown
in Fig. 4. 35 On tHé %t hér Hand, $heéesivgeal, t BARBRRLL deP f Fom-t N r oghta
upper nmeasuri nghdi¥{icHORAs input to a right side drive notor control unit
19R of the _controller 19, 18 Simlarly, the signal transmtted fromthe
left | owertSmeasurifgdmit &BLai Sideputiawy sHeila¥t tei dddr i frorerte®nt r o
unit 19L of tfmbdiiﬁégii@ﬁ 19, and the S|gnal transnltted fromthe right

| ower measuring uni gR IS input to the rla side drive nDtor contro
unit 19R of the co %QMI 1%, aTIRENSIALLG g8l dRi Ve Stbt ©f ContPYPlenfeckoL

of the controldksvdBoradtuindeset hembodimyat peand the upper support beam 41

fromthe [eft Uppe&ﬁiﬂppqgti%rngz%&érgbéktlve view of a conventional

20 double-deck elevator.

DESCRIPTICN QOF THE PREFERRED EMBODIMENTS
Embodiments of a double-deck elevator of the.present

invention will be described with reference to Figs. 1 to
25 3.

In the description below, the vertical direction is
defined as the perpendicular direction, the right-to-
left direction is defined as the direction in which an
entrance door of each cage 1is opened/closed, and the

30 depth direction is defined as the direction in which
passengers enter/exit each cage.

Firstly, the entire structure of a double-deck
elevator 100 according to the present embodiment will be
described with reference to Figs. 1 and 2. A cage frame

35 10 hoisted by a main rope R has right and left vertical
beams 13R and 13L extending in the vertical direction

between an upper beam 11 and a lower beam 12.



10 the | oad value on the | ower support beam 42 fromthe left |ower support
arm 32L based on the deformation in the vertical direction of the elastic
body 52 and the elastic constant of the el :z}sti c body 52, which are input
fromthe |l eft upper neasuring unit 50L an& the left 15 | ower neasuring unit
60L. Next, the left side drive notor control unit 19L of the controller 19
cal cul ates the diffler eree vircimaichy caf cthatedgioathyval ey vefeical beahabl e
stored in a. age .unit (not shown), .a btajns the direction and 20
nmagni t ude of t ée)flid Pger}IB’t(.)Lf'qu]él?}?)pbgngutlp%‘tcL gffaf:l]esf:é?wssi(c?é:rc?ﬂ v%harrg'f%)r 18L
correspondi ng IRt haddi I1kr emtddhn dhe [roadtedllyessuppoitéd eFSesupbert
direction and i t,ude of .t riyve.torque to be output by the |eft side
drive motor 251 &;ﬁ%tﬁrelddihf@gt if&%ta?ﬁj(rj ﬁﬁgrﬁq uf&PEE ?}H%a%ril\r/\e 88fqu t o
cancel a rébtatimmetméibstag berne appl ihed izonthé livef texttadrdisey ewirl 7Lthe
attributable to.  di f n yween_the | oad.applied .to the left. ball
screw 17L fronfjt#}%l‘elghigfc?eéﬁﬁgﬁﬂf 8 thlﬁgl& rpsﬁf%polﬁ Y 21t Hrd t he
30 | oad applieditecthen| efft tiwd | vertewal7bebmemitire dwedt 18T, evextend®d1in of

t he | ower supp&% pgg@é%l dhe Lef{,side drive notor control unit 19L of

r confrols

the controlle its operation so that the left side drive notor
18L out puts this drihe tdoite. 288 Sleft adal,l t kerkwkt F7Rle adrd vé 7t are

control uRipt he .co ol c ul t he u n
upper supggrtlﬁég%%%% ?lrnom?l%%e ﬂro%wﬁ]r%up%lé(? sr%é’gesorrste d%gggtr:%gézayoaﬁd&?%e
| oad val ue on ap@ lefdr dupper MAI@ard 42s¢rem tshafti ghrivoner usdgsor t 18R m

32R based on thgqdefser mafy o0&, i BkherMardd © IHeeCd | el [ ody
52 and the el astic constant of trhe ell astc% céﬁoﬁy e52%'15155)[513\/\ﬁ chgglrse lfqﬁ)u%ngrom
the right uppet?keat®fPRGtUK¥ELYSOR and the right |ower measuring unit 60R

Next, the left siderli ver&BlOhgC AR 1UR tofl%otlp%ﬁ? chold are 1974
cal cul ates_L the difference in each calculated | oad value, refers to a table

stored intd 10PEP%+AGE @A t2R nYPPEKowYAe aklReBBP A B8 heha r 8&t ionlavar

magni t ude of therewi ueartor QU t prbeiauipun by t Dewergidd dendiiewe NREer
18R corresponding to thg diffEregﬁe in the load values. In this case, the
di rection and (ﬁ%}gﬂﬂ'lﬁae of €ftiB8 25"8Five torque to be output by the right
side drive notor l18Rarespéhet domect i tihe antigiiagand utder of dtbee dhb¥ersoLgre to

cancel a rotatjopal Jbi asing,for.ce, .appli to the righ all_ screw 1

o butab ot 458Ra 8 ALDIREOT S AR SRR EpbE Ped B0 ath‘éo?%lﬁ‘ﬁifﬁﬁll
screw 17R220 fi®nwhhehright méreacoumpusdR.of the upper support beam 41 and
the | oad applied t r Lght I he ri scr.e 41R
of the | ower suppoﬁtjﬁigggmbﬂgz L?%'Igrri g{ﬁ\/gsi]%g %_é?cgbrr%trgr ggg}frﬁo%qev&um f9R
of the control $8PP2Dtengt ranst|t neoperdtdawn sdn hat vheticghiy25mevaeldrive

motor 18R out pusinkhi $ndih¥erher gHge kBakbi $ocondition, the right and left
upper support arns 22R and 22L are _di sposed in the vijci nitg of the right

and left ball screwstQ78PERH F2EC PlsSERPLISIOF aARBYIi ¥l franpenaBgaT Eude

of the |oad on2ihewnirer 6 suppestlbeamdlrfdam 4R babk WHRRERY, ssppenrt arm
22L i s equal tgﬁhgesg%%ni.t ude of _.the load on_the left bal]l screw 17L from
t

the right scre Jf {HRe uppePTupREr thSYaRXFEenE i hehe Vgstical
magni t ude of téerkoadoan tdied uppesaBb SUPPEFimdeadnbb iy oM kheHiicaht avpper

suPport 4T 22T PR o s manutude,of e ond g Y oty ball
the figure and which extend in the vertical direction.

30 A left upper support arm (an upper hoist-and-support
part) 22L extending in the depth direction extends over
upper ends of the pair of frame members 21L.

A right upper hoist and support arm (an upper hoist-
and-support part) 22R, extending in the depth direction

35 parallel to the left upper support arm 22L, extends over
upper ends of a pair of front and back frame members 21R
on the right side.



20 support beam41. Sinmilarly, the right and left |ower support arns 32R
and 32L are disposed in the vicinity of the right and left ball screws 17R
and 17L, respectively. 5 Accordingly, the, gagnitude of the |oad on the

| ower support beam 42 fromthe left |ower Support arm32L is equal to the
magni tude of the load on the left ball screw 17L fromthe |left screw nut
42L of the | ower sUhporftrobeaand? baldk Fendshesf the maghtt edd drefitheipdpead on

the | ower support beam 42 f th ight | ower su r{ _ar 2R IS e to
t he magni t ude “OFRHE 1P oﬁt:é)%nhaenc(fi %#ﬁg BafFI C%’I&P%\?vgggl?tc?r 8%‘3 heOtrhlsegrh&%gtlcr ew
nut 42R of thedievierrcamartbbeam g2ir 1w fThiispont hexrldef baappere imgfasariing
unit 50L and the.left | r asur,in nit.60L can correctl.y.measur he
magni t ude of &N o% th%ggef 4ba%X%seé}%ng7Ll?rO%BFhe&llh%lerEEatzouplSeor
beam 41, ahd tdie agwgiui,udes okhble lioadFbg.t Be |tEfdudial thegr ewel Amifatemd t he
| ower support .beg&n 20 42, respectively. Simlarly, the right upper

measuri ng uni 15 C—]a[nol't he right | ower neasuring unit 60R can correctly
measure the magni t sdeidfartllye leodebwer tdeeye i IFhtcdmgidi soxr ew AR fafonindies

upper support beam 41, d [t e_25 ]Iqﬁgco he, ri |
screw 17R frorlﬁle?ﬁbee %\A%?ﬂs&%g%rht geamyﬂgFgeréégegfﬁ v%e y. Tﬁ%&cg)r?tclr]fglk%%%@lg
can correctly awonthel lelf¢ cyueteatimnthasdd gwret hearshr ey | gpxieaduried thrad

value as_ggscridiad abpveelqne,adl ushi ng the SPRG Ngrbfe! Nfertoyer 4 01
direction between the upper cage 20 and the lower cage 30, so that the left
drive notor 18thigh pare andtivdefordudrdnth andibeeki sAdan@mddif tibE ko

cancel 't he rOt%{#{n%_‘n biasi Ng; §@FCC ARP| yBYhO dh€eh@f tirPakheSCrert ddd1
caused by the difference between the load on 35 the left ball screw 17L
from the upperdsigpbi®nbeam 41 and the load on the left ball screw 17L from

the [ower support heamAg.1owdd sShpbbat! ¥rnt h& eI hel sd9ak@nsespseet |y
control the operation _based on the correctly neasured | oad val ue as

descri bedl&bovi2 Bef oPeladxtenidigst He shaei AGPER He ardioPc 8% IRt P 6%

between the uppspe£agaddl cndithdepdikows £aget 3OndSdathatfidiee rghbedsi ve
not or 18R out pgtﬁ a d Lve tggque with a direction and magni tude to cancel

t he rotational a%?né fot@ECappPfed to the right ball screw 17R caused by
the difference betweenidhte 1oashk osupbherti ghh bal Loser emolIR-andnstbeoupper

support beam 41_10, and_t he | oad. on the i gh I rew.l7R t he Lower
support beam 412‘?r€?1 %%ﬁere}\%? l,n? nEPhetrhaecg)u(%?g?%egE%gl%\g\}éz‘orgag%gﬂla‘%[coJFél)i ng
to the préfentteabddifitentowehesupnordl laem 1P Lanxtadisi dvalr yuresit rendshe

operation of t Lhght_ a drj r Wt yer ynhi gh
accuracy. Acco!rggi ﬁgﬁ%y,pagl&gngghgggbﬁe aln\él?ld@%én}?t gg@lggﬁ{%ﬁg%%gl eft balfl SCrews
17R and 17L i srdghteséde.because passengers are | ocated unevenly, for

exanple, on the |ef4nsi @eoRt LHE £a0%KS 2AUE She NEidHEr ahde1EGNLpPRE
support arms 32R and 32L are connected to each other for
25 reinforcement by the pair of front and back reinforcing
members extending in the right-to-left direction
similarly to the upper cage 20, though they are omitted
in Fig. 1.
An upper support beam (an upper supporting member)
30 41 extending in the right-to-left direction is disposed
above the upper cage 20 and below the right and left
upper support arms 22R and 22L.
Right and left screw nuts 41R and 41L fitted to
right and left ends of the upper support beam 41 are
35 engaged with upper screw parts 17a and 17a of the right
and left ball screws 17R and 17L, respectively.
The upper support beam 41 is pivotably supported by



20 the left ball screws 17R and 17L is rotated as a result of the
difference in weight between the cages 20 and 30 when a brake for stopping
the rotation of the right and left ball screws 17R and 17L is rel eased, and
the spacing in the vertical direction between the cages 20 25 and 30 can be
adj usted w thout causing any inpacts or vibrations in the cages 20 or 30.

Next, sonme nodhil Gatdgmnsaf itdwe douhle-tleek £lrevater4100p0f at Baagresant
enbodi ment will b escribed with reference to Figs. 5to 8. 30 In the
above enbodi mémt 3 dppértSsupport beam 41, the upper support arm 22L, and

g he differential g sgm&dag&yﬁ& fl@wéfeaélﬁﬂdhg: ]Eﬂsx@axﬁp@gi m_gwlemhts@pwttiir@al
Irection are us 1N er to neasure e daerQr t1qn n the vertica

i rect on of FRITERAI BF CERSRDARG bHbk B8 Ml dahis S5TPREbPodsy
bet ween t he uplispcapPabodreamnet 1]l anel t Be&geipper agdppelbwatiie? 2igh@n drite
ot her hand, a nofl_r)t-scont act displ acenent ter ~ 71 using a beam such as

an infrared r URRSF (SRR Y Sy b\t ng unit 70L in the

nodi fi cati on shownRiighki gand. 1AIf30, sthewowiynyd gignadnd r @antt hei tdtspl agenment
meter 5 71 is _toransmitted tQ the,controller .19 via wirin 2. In | ef t
upper neasuri dg UHi tageLqierﬁt h%nﬂﬁdiofﬁ c{é{‘?o&"%msilﬂpﬁg. YDbe,anl wéaf it and
back sets of tdmyesjeabstwitlibotlywd? andelwopdrceal 115781lanavhiTh afe thenneicirad to

each other,in seri.es,, i.n .ot her wor t he overl ap .,each other in the
verti cal %PI‘ ecﬁ%nl,efatr eba}l(r)i‘t esrcproes"qesdq‘?]e% V\a/enea/h ]tlﬁ‘e{ urpepséjr cstulﬁ"peorlf' beam 91 and
t he upper support dihm 22iwe rAconymh rigllyean hé2 mhgniptivdd abfl vt seidpoed esh e

upper support 4 r t p p. C bg,,1

directly by tfﬁ%g}&%\{ ?ggnp%ﬁdp%%rc%yl @ggécg?&%}f ?énhaggi ?{%ﬁaﬁ%%@g

el astic bodi est3H2 simel Janler gos ddhehatpmash surpaippeéreaupplort beam 41 and the
er s ort arm th i,de al i C L gpr

upper supp FHer A4 o N6 Hd e G d&%gxtA@ﬁ)ﬁ%gP \qu@g R rZQs 17

el asti cal Ig supporting the cages 20 an . ich is _engaged wth
a nut 83 tPxedsh the apperosappdr tithedin 4foavarfdodiksgchyon, | d&le MAPSY i s

passed in a thygyahr-hohbeaR2a1i i $YRELELI AR alike 82ohibit @dpkdrd ek
side of the upper support arm 22L, and 25 prevents any excesSive
di spl acenent P t%]ee\éﬁeiiﬁ%- and right-to-left directions of the upper support

alrm 221 vvizgg rfespﬁ@nt@héheaﬂme_ rhguaporalnlu&eaméfél.r_ pt(:ihea_rncﬁome]gf@- deckl
el evat or of the present .i ntion_ wi e .described wit eference to
Fio 7 30 I n ATREGRObT . aotk EECERoF Csat e Bnanh tiF Mayetre At
support b2am 4thd ouppiest amsbstippbetant hél upper etagetel, andl athewerowamppor t
beam 46 to hoi rt_the u r cage 30 are constituted as

%ﬂspp?tglgt 355@5 i the P

cantil ever bea suppor 25 extending in an X-shape across
each ot her at the dentleftof udremnpperasagen®0 umitpl B0lvi ey arinserptsddd

over upper ends.Qfedf 2. "BEREES s2HRort beam 41 and the upper support

arm 22L on the left side, and a right upper measuring
25 unit 50R is interposed between the upper support beam 41
and the upper support arm 22R on the right side.

The upper support beam 41 thus hoists and supports
the upper cage 20 via the right and left upper measuring
units 50R and 50L and the right and left upper support

30 arms 22R and 22L.

Similarly, a left lower measuring unit 60L is
interposed between the lower support beam 42 and the
lower support arm 32L on the left side, and a right
lower measuring unit 60R is interposed between the lower

35 support beam 42 and the lower support arm 32R on the
right side.

The lower support beam 42 thus suspends and supports



23 and 21L extending in the vertical direction at four corners of the upper
cage 20. Further, an upper neasuring unit 26 for neasuring the wei ght of
t he upper cage 20 is i nt er posed between q-p tip of the upper support beam
45 and the intersection of the upper support arnms 25. Simlarly, |ower
support arns 35 extending in an Xshape across each other at the center of
t he | ower cagEh&OlbWeplaﬂg%iamavnasﬂh&ﬂxightcnmm upper lends nEabnameglO
menbers 31R and,.31L tend n ertic directiaon at _four s of
the | ower cag8" ég éﬁ?rﬁt gOL \?é‘?i r%éesuﬁﬁ tuﬁpﬁ fbeﬂorio %Eursluﬁé ?%
wei ght of theah:mseBZRagﬁdZB%S i nterposed between a tip of the | ower
support beam 46 a e intersection of the 15 | uppar.
Accordi ngly, the Pg?§P ?S?ﬁlQF%P%pBE q:ages Buggﬁrg éic uswe?ht
nmeasured by omeduppedit m@mrrlmmmﬂng?mmaml %0 4mwd abOleaght tbk thghltower
cage 30 can be_excl eI asu 0, SHR] 36,

apd’ Ged S‘i ez X cﬁgy Lgr{‘lecé ¢ JEG°EhLT éE?hBe i vell

respectively, melg € Upper cage wer ‘cage
30 can be neawutedredemeutbytoTﬁEgcoﬂtroIIer 19 controls the operation

based on the correg&éx megsur %gcfqudtqﬁt thghgggermggg@rgxq aqgut ;Qwer

cage 30, as descri Sbove, ofe aq ustlng the spacing int
vertical direddentilsetlween tdlwqxpp&noclag@f 2Ghendsthectoner afagkhso, leict t hat

t he drlvglgntgé¥%§.g%g%ﬁgéﬁﬁg%Pi%e5bquHglw%khgqﬁ@nLect|on and magni tude to

cancel the'ro Iona orce appliedto all screw 17
attributable to th&hdi ffefencpres weegder Bog bemiden50he Rivper cger 20fand

the | ower Cag%o%@var%f Sipgly, e'.LQsPi'@ @J%'dtile% CB%Ckh@i@Vﬁﬁo'Eh%OQﬁe&\i%lvmen

a brake for stopping e rotation o screw 17 is_rel eased when

adj usting the déﬁ&qtﬁ@ﬁ e Hee s cfthtdlr}geth’l%ﬁe bfwdeikaheCRppsr UWPRFE 20

and the 35 | owgicecage 3 e PablpssFeWoddmi d1nahdr at atied ik tﬂl%te 51
dlfference in weight between the upper ca e 20 and the | ower ca

i npacts of°vi B9t afe lO¥ETeFidF OBat ﬁeqﬁﬁﬁﬁs%EPQﬁrQOaRﬁe%%&dj&ﬁlr@
the spacing i sHdie vief teigal Firection between the upper cage 20 and the

| ower cage 30. An odi nment t he ouble eck, el evat the 5 pr.esent
i nvention, and nDdlggégtIS ngﬁgreg payra dagcr?%%ﬂthﬁ%££ %ER%EF the
needl ess to sayppdihecpgesent, i rveNt LoH iss Notibratited ﬂeonhelabovmbber

enbodi nents, bhut .vari ous klnds of dificati anpl e,
in the above &WB&HiTen g THE IS asﬁ%g 10" %d%gélggg}usedgaggg’gg rne)ésgl{r)%l ng

unit are 2oOnprigssezhger. the vertical direction by the weight of each cage;

However, they may ge lsfpf)esree%stslgalas ,&g rg§d ul | edgin ta%e ‘ée”ééiﬂéofj' regtion

by the wei ght of each Cage escri ove accor
doubl e- deck 153ned sty @heti@fmmﬂton nianttiben, veh*élwé glii reictiiea upber

and | ower Cageﬁq&aﬁabf BRASH L Vbl BLGR acG¥ERy Mdb@sstsizr)g #Ndother
supporting eac rdgehhe space in the vertical direction between the
25 upper support beam 41 and the upper support arm 22L, is
disposed on a tip, which is folded in an L-shape, of the
fitting plate 51 on the upper support arm 22L side at a
position between the pair of front and back elastic
bodies 52.
30 Signals output from the differential transducer 53
are transmitted to a controller 19 via wiring 54.
The signal transmitted from the left upper measuring
unit 50L is input to a left side drive motor control
unit 19L of the controller 19, as shown in Fig. 4.
35 On the other hand, the signal transmitted from the
right upper measuring unit 50R is input to a right side

drive motor control unit 19R of the controller 19.



Accor.dingly, the difference in weight between the upper and | ower cages can
be obtained with high accuracy, 20 and the operation of the screw shaft
driving units used in adjusting the spacipé) in the vertical direction

bet ween the upper and | ower cages can be controlled nore correctly.
Therefore, according to the present invention, the 25 operation of the
sgrew shafthdri Vi ngimmilhslgan bﬁecomglgdal edt mért dmhi igdd acirosracycHaef Are t g
adjusting the.spacing in the vertic irectio et ween .t upper cage an
the | ower cageC"ss f‘%’aatsqwgscqw s tl%IrWP‘ﬁg Eﬂi ?Eeo&feg?lt Sé%(?r id\Fé%teor que
w th a direct matocandc3ftpagnidnide 1olLcantekhehecdtvdl Dawal 191, asamg frhrece
applied to the ,screw shaft aﬁ%ri byt abl e_to thepﬁifference in vveight b%tvveen

t he upper and3* chhRRSMAhbe e hd ESBacHMy FrioPhie AN cBRP2GFFERE| oL

bet ween the umR andihpower toagde caryHe sdjesfetved hbout causicnd amyt

i npacts 35 or .y bratigns in.the .u r, or | ower cages. 25 WHAT | S CLAI MED
IS 1. A doubll\e@,fgé’a tgiee\f:ao[%trrog'alpez%gﬁeg ‘of adjusting the spacing in the
vertical directionThetveeft uppde airdvieowssteagesnproli ded tonl 2L cade theane
in a verticall vabl ner, ising.. a e ft rot bl
supported by saéolnﬁcoglgleeeﬁ rrrg%e %anl ex Eeen%Ii ng’eu nlﬁﬁcei Y/Yfear%tq?ecaf)%di?ilé%t il%)ﬁ);erscr ew
shaft driving smpgorftorbeant a4 1 nfiremi theciewtshaberi supperfrorwar @2dnd areler se
directiongy Cqd ohbERS JLruEOBR Ad N9oLBE ARRSANONLEEysalA FEpRW GhATt
driving units; an upper supporting nenber which' s engaged W th an upper
screw part of lsditd $ewew shwporancewer B2bablapedovad byet befogmatiion ¢in said
screw shaft, anl WoLeR;RghSts ,and jPPYEL £ 1RAl 919%’9?&. Bo0G ViR QRA URCT

hoi st and- support part élspose on an upper part of said upper cage; a |ower
supporting nerfers ke ceenstangagedthet BlastéfePosyr oW, pathi chhral iU a

direction opposide @ habref $fbdh URRRSSGHRW RALE foSaithssceaw shaf¢ and
vertically noved by the rotation of said scréw shaft, and which hoists and

supports $aid ]}Qi’\’/%?_%%fg%um%g ol § ok - hoi st -and-support part disposed on
an upper part of sajedd oveie CBILE ADJEPRLE vEEASUbLNG oMb WGt NBASWLES a

| 0ad_on said uper SUBROL (g, Teber LLomsal d,uBper, bl oL andoyppor par

menber from sai4ll dwietedoilstadandsupppr trafairts, wberei Babakd Ldd! Lar sa.

control the operation of .said screw shaft_driving.uni based gn the | oad

val ue obt ai ned® BY* 3%F d"ip er<nr?§assﬁ}ol‘“ﬂ’g urf e aﬂ%ggﬁﬁsl ﬁ‘& rueecgcdb i HE

from sai d20owenagredsudée ng furiitte béf ove adragsti g the sphpuhgbiyn the Vefti cal

glh;fGtCt i Og Gbet VELRe SALEVUPRRY: 4295 1N, SAL L L OYE g CRYC 18R (1A SAlfLSCLEW
the load values.

In this case, the direction and lnagnitude of the
drive torque to be output by the left side drive motor

25 18L are the direction and magnitude of the drive torque
to cancel a rotational biasing force applied to the left
ball screw 17L attributable to the difference between
the load applied to the left ball screw 17L from the
left screw nut 41L of the upper support beam 41 and the

30 load applied to the left ball screw 17L from the left
screw nut 41L of the lower support beam 42.

The left side drive motor control unit 19L of the
controller 19 controls its operation so that the left
side drive motor 18L outputs this drive torque.

35 Similarly, the left side drive motor control unit
19R of the controller 19 calculates the load value on

the upper support beam 41 from the right upper support



drivi-ng units output a drive torque with a direction and nmagnitude for
canceling the rotational biasing force applied to said screw shaft
attributable to the difference in weight t ween sai d upper cage and said
| ower cage. 2. A doubl e-deck el evator capabl e of adjusting the spacing in
the vertical direction between an upper cage and a | ower cage which are
provi ded on sairth eage farairethen boa/@rvihadaltyn nbikabl ewaanaeppoctnpeiasi Ag:
right and |eft SCrew shafts rotatably s edonr t ef si_gdes of
sai d cage frar% glnd ?teﬁﬂil % g °Yhe v ‘?I? % rect%% b%e%geéectlthvelt%%
right and |ef tdesfmmwts.hmft idri t/]neﬂg mtt:s:aﬂor dmbattung saf d thghtelasd ilcef t

screw shafts nth and, revers S e e

controllers forOdlyn V|adhal tﬂ“e ?ro %Iﬁ%ﬁj%%gﬁ% g?a |on%§§%qs:%|%dlb\édght dnd

left scr e\/\bshadf’ntlcdhrlammglmputsfram mpperrrglpqomppeng mearb@r;nq\hunhteﬁto@nds

in the right- aa’i&?i'lt f1 rq_ etCtl'cﬁ{é Iib and is engaged with
crew sh

upper screw par sal rig s and vertically noved
by said screw shaf Nexta It(blﬁerlesﬁrp;ﬁ)lrde r@rmﬁommhtéﬁﬂ-eﬁdstl A %Rhet
right-and-|ef r [ ve gal ge ndy 4 t wer
screw parts \A:#l %!h g%télt;}%rlglla% edll§n Qa%?{rﬁ’gé%?gn %%%og?%gfto at \c,)y} rséaalcg1
upper screw patalsudfa ted dlpaghtvaalru)‘efl ereferpevi®haf t takakel \ﬁélotrle@al 1y roved
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from the upper support beam 41, and the magnitude of the
25 load on the right ball screw 17R from the lower support
beam 42, respectively.

The controller 19 <can correctly control the
operation based on the correctly measured load value as
described above before adjusting the spacing in the

30 vertical direction between the upper cage 20 and the
lower cage 30, so that the left drive motor 18L outputs
a drive torque with a direction and magnitude to cancel
the rotational biasing force applied to the left ball
screw 17L caused by the difference between the load on

35 the left ball screw 17L from the upper support beam 41
and the load on the left ball screw 17L from the lower
support beam 42.
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5 lower cage 30, so that the right drive motor 18R outputs
a drive torque with a direction and magnitude to cancel
the rotational biasing force applied to the right ball
screw 17R caused by the difference between the load on
the right ball screw 17R from the upper support beam 41

10 and the load on the right ball screw 17R from the lower
support beam 42.

In other words, in the double-deck elevator 100
according to the present embodiment, the controller 19
can individually control the operation of the right and

15 left drive motors 18R and 18L with very high accuracy.

Accordingly, even when the load on the right and
left ball screws 17R and 17L 1is different because
passengers are located unevenly, for example, on the
left side of the cages 20 and 30, neither the right nor

20 the left ball screws 17R and 17L is rotated as a result
of the difference in weight between the cages 20 and 30
when a brake for stopping the rotation of the right and
left ball screws 17R and 17L 1is released, and the
spacing in the vertical direction between the cages 20

25 and 30 can be adjusted without causing any impacts or

© vibrations in the cages 20 or 30.

Next, some modifications of the double-deck elevator
100 of the present embodiment will be described with
reference to Figs. 5 to 8.

30 In the above embodiment, the upper support beam 41,
the upper support arm 22L, and the differential
transducer 53 for measuring the spacing in the vertical
direction are used in order to measure the deformation
in the vertical direction of the pair of front and back

35 elastic bodies 52 interposed between the upper support
beam 41 and the upper support arm 22L.

On the other hand, a non-contact displacement meter
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5 71 is transmitted to the controller 19 via wiring 72.

In a left upper measuring unit 80L in the
modification shown in Fig. 6, two front and back sets of
the elastic body 52 and load cells 81, which are
connected to each other in series, in other words, they

10 overlap each other in the vertical direction, are
interposed between the upper support beam 41 and the
upper support arm 22L.

Accordingly, the magnitude of the load on the upper
support beam 41 from the upper support arm 22L can be

15 measured directly by the pair of front and back load
cells 81.

In addition, the elastic bodies 52 are interposed
between the upper support beam 41 and the upper support
arm 22L, and the ride quality can be improved by

20 elastically supporting the cages 20 and 30.

A bolt 85 which is engaged with a nut 83 fixed on
the upper support beam 41 and locked by a lock nut 84 is
passed in a through hole 82a in a supporting plate 82
fitted to a lower side of the upper support arm 22L, and

.25 prevents any excessive displacement in the depth and
right-to-left directions of the upper support arm 22L
with respect to the upper support beam 41.

Another double-deck elevator 200 of the present
invention will be described with reference to Fig. 7.

30 In the double-deck elevator 200 shown in Fig. 7, an
upper support beam 45 to hoist and support the wupper
cage 20, and a lower support beam 46 to hoist and
support the upper cage 30 are constituted as cantilever
beams.

35 Upper support arms 25 extending in an X-shape across
each other at the center of the upper cage 20 in plan

view are stretched over upper ends of frame members 21R
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30 in plan view are stretched over upper ends of frame
10 members 31R and 31L extending in the vertical direction
at four corners of the lower cage 30.

Further, a lower measuring unit 36 for measuring the
weight of the lower cage 23 is interposed between a tip
of the lower support beam 46 and the intersection of the

15 lower support arms 35.

Accordingly, the total weight of the upper cage 20
can be exclusively measured by one upper measuring unit
26, and the total weight of the lower cage 30 can be
exclusively measured by one lower measuring unit 36,

20 respectively, and thus, the weight of the upper cage 20
and the lower cage 30 can be measured correctly.

The controller 19 controls the operation based on
the correctly measured weight of the upper cage 20 and
the lower cage 30, as described above, before adjusting

25 the spacing in the vertical direction between the upper
cage 20 and the lower cage 30, so that the drive motor
18 outputs a drive torque with a direction and magnitude
to cancel the rotational biasing force applied to the
ball screw 17 attributable to the difference in weight
30 between the upper cage 20 and the lower cage 30.

Accordingly, in the double-deck elevator 200, even
when a brake for stopping the rotation of the ball screw
17 is released when adjusting the spacing in the
vertical direction between the upper cage 20 and the

35 lower cage 30, the ball screw 17 is not rotated by the
difference in weight between the upper cage 20 and the

lower cage 30, no impacts or vibrations are caused in
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As described above, according to the double-deck
15 elevator of the present invention, the weight of the
upper and lower cages can be measured with high accuracy
by hoisting and supporting each cage.
Accordingly, the difference in weight between the
upper and lower cages can be obtained with high accuracy,
20 and the operation of the screw shaft driving units used
in adjusting the spacing in the vertical direction
between the upper and lower cages can be controlled more
correctly.
Therefore, according to the present invention, the
25 operation of the screw shaft driving units can be
controlled with high accuracy before adjusting the
spacing in the vertical direction between the upper cage
and the 1lower cage, so that the screw shaft driving
units output a drive torque with a direction and
30 magnitude to cancel the rotational biasing force applied
to the screw shaft attributable to the difference in
weight between the wupper and lower cages, and the
spacing in the vertical direction between the upper and
lower cages can be adjusted without causing any impacts

35 or vibrations in the upper or lower cages.
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screw shaft driving unit for rotating said screw
shaft in the forward and reverse directions;

controllers for controlling the operation of said
screw shaft driving units;

an upper supporting member which is engaged with an
upper screw part of said screw shaft and vertically
moved by the rotation of said screw shaft, and which
hoists and supports said upper cage via one upper hoist-
and-support part disposed on an upper part of said upper
cage;

a lower supporting member which is engaged with a
lower screw part threaded in a direction opposite to
that of said upper screw part of said screw shaft and
vertically moved by the rotation of said screw shaft,
and which hoists and supports said lower cage via one
lower hoist-and-support part disposed on an upper part
of said lower cage;

an upper measuring unit which measures a load on
sald upper supporting member from said upper hoist-and-
support part; and

a lower measuring unit which measures a load on said
lower supporting member from said lower hoist-and-
support part,

wherein said controllers control the operation of
salid screw shaft driving units based on the load value
obtained by said upper measuring unit and the load value
obtained from said lower measuring unit before adjusting
the spacing in the vertical direction between said upper

cage and said lower cage so that said screw shaft
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2. A double-deck elevator capable of adjusting the
spacing in the vertical direction between an upper cage
and a lower cage which are provided on said cage frame
in a vertically movable manner, comprising:

right and left screw shafts rotatably supported on
right and left sides of said cage frame and extending in
the vertical direction, respectively;

right and 1left screw shaft driving wunits for
rotating said right and left screw shafts in the forward
and reverse directions, respectively;

controllers for individually controlling the
operation of said right and left screw shaft driving
units;

an upper supporting member, which extends in the
right-and-left direction above said upper cage, and is
engaged with upper screw parts of said right and left
screw shafts and vertically moved by said screw shafts;

a lower supporting member, which extends in the
right-and-left direction above said lower cage, and is
engaged with lower screw parts which are threaded in a
direction opposite to that of said upper screw parts of
said right and left screw shafts and vertically moved by
said screw shafts;

right and left upper hoist-and-support parts which
are disposéd on the right and left sides of an upper
part of said upper cage in the vicinity of said right
and left screw shafts, and engaged with said upper
supporting member respectively to hoist and support said
upper cage;

right and left lower hoist-and-support parts which
are disposed on the right and left sides of an upper
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part of said lower cage in the vicinity of said right
and left screw shafts, and engaged with said lower
supporting member respectively to hoist and support said
lower cage;
right and left upper measuring units for measuring a
load applied to said upper supporting member from said
right and left upper hoist-and-support parts; and
right and left lower measuring units for measuring a
load applied to said lower supporting member from said
right and left lower hoist-and-support parts,
wherein said controllers control the operation of
said left screw shaft driving unit based on the load
value obtained from said left upper measuring unit and
the load value obtained from said left lower measuring
unit Dbefore adjusting the spacing in the vertical
direction between said upper cage and said lower cage soO
that a drive torque with a direction and magnitude for
canceling the rotational biasing force applied to said
left screw shaft attributable to the difference between
the load applied to said upper supporting member from
said upper hoist-and-support part and the load applied
to said lower supporting member from said left lower
hoist-and-support part is output, and
wherein said controllers control the operation of
said right screw shaft driving unit based on the load
value obtained from said right upper measuring unit and
the load value obtained from said right lower measuring
unit before adjusting the spacing in the vertical
direction between said upper cage and said lower cage soO
that a drive torque with a direction and magnitude for
canceling the rotational biasing force applied to said
right screw shaft attributable to the difference between
the load applied to said upper supporting member from
said upper hoist-and-support part and the load applied
to said lower supporting member from said right lower

hoist-and-support part is output.
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supporting member and said lower hoist-and-support part,

and sensors for measuring the deformation in the
vertical direction of said elastic bodies, and

wherein said controllers respectively calculate said
load value based on the elastic constant of said elastic

bodies and the deformation obtained from said sensors.

4. A double-deck elevator according to Claim 3,

wherein said controllers adjust the spacing in the
vertical direction between said upper cage and said
lower cage based on the deformation in the vertical
direction of said elastic bodies obtained from said
sensors.

5. A double~deck eievator according to Claim ‘1 or
Claim 2,

wherein said upper measuring unit and said lower
measuring unit -are load cells interposed between said
upper supporting member and said upper hoist-and-support
part, and between said lower supporting member and said

lower hoist-and-support part.

6. A double-deck elevator according to Claim 5,

wherein said load cells are disposed in series with
elastic bodies between said upper supporting member and
said upper hoist-and-support part, and between said
lower supporting member and said lower hoist-and-support
part.



