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Titl é: DOUBLE DECK ELEVATOR [err] Abstract: A double deck el evator where
ghock"and vibration are not produced in each cage during adjmsynems of the
disstance in a vertical di- rection between the upper and | ower cages. The
| oad ‘exerted on an upper support beam (41) fromleft and right support
arnms (22L, 22R) suspend- ingly supporting an upper cage (20) is nmeasured by
| eft and right upper neasurenent neans (50L, 50R). Simlarly, the |oad
exerted on a |l ower support beamdrio@m IRfstvzarsk ri ght support arns
(32L, 32R) suspend- ingly supporting a |lower cage (30) is neasured by |eft
and right lower neasurement neans (60L, 60R). Because the nmagnitude of the
| oad ex- erted on |left and right screw shafts (17L, 17R) can be known
accurately by_the_measurenent, the drive torque outputted by left and a
right drive fotoFsetdgpef the) TRVENEdARr ol | ed precisely so that shock and
vibration are preygategrésontbeingentodhcedeieachtof Lhedsagps-daddc 30) -
during adjustnent of the distance in,a vertical direction hetween the

cages. 1 BOEBPECPECRPEPEGATOR 2814STENE| @ SPACABI venkthgnvertical

direction between upper and lower cages, and nore

specifically, it relates to a double-deck elevator
10 improved so as to adjust the spacing in the vertical
" direction without causing any impacts or vibrations to

each cage.

(?= 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 " flooxrs, of a building in order to
increase the elevator handling capacity in the vertical
direction in high-rise buildings have attracted
attention. _

‘l20 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

'bétween other floors.-
| 25 A double-deck elevator capable of changing the
(j) spacing in the wvertical direction between upper and
lower lcages according to the spacing in the wvertical
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 left screw shafts 5L and 5R
extending in the vertical direction are rotatably
35  supported by right and left wvertical frames 2a and 2b
Vconstituting the cage frame 2.
" Drive motors 6R and 6L for rotating the right and




4 May 2006 The present invention relates to a double-deck elevator capable
,of adjusting a spacing in the vertical direction between uppetyaogs | oner
cages and nore specifically, it relate? to a doubl e-deck el evator 10

i nproved so as to adjust the spacing in the vertical direction w thout
causing any inpacts or vibrations to each cage. 2. Description of the

Rel ated Art R@f&ntécyrevdoahhétdeém elrel ab®r $nhdhiengf aipprard aadd t6vEoRer
‘cages which r t.ively arr f d S,

~a building i ﬁ{sgpé:(e;trlcinos Fheret ea ﬁ%&v&e%}gt@?p% ggg{ﬂgagaﬁégﬁét%?ﬁqﬁe _
vertical dire icayd rfrhm@ﬂ-m se buildings have attracted attention. 20 In

many recent super ; E %ﬁdﬁ%ﬁ% U|quﬂg%%lﬁn§.ﬂ§§$@ 5 %ﬁ%%gpfmﬁggmgy7p£ vi di ng

an open-ceiling entrance y on a firs ere height from
the firstS flsomgmpant ttee ceppengcagesét itso SmfdheacgewnEMaanthRPerbéﬂmwn

other T100r 5.0 35 A bl acke) SRl Qe RN Th HANGNGoLhEr, SPACI N 11

the vertical rect on upper |'ower cages according to the
spacing in the vednh ealditdiomecta Geuset \ABJefn %4 oof sa havpberh prepes@dtoFor

exanple, in g vree“agg 8%§9b'c%g%ec4< fi;e%gbﬁ%ed?’%n]tos@v‘”ﬂo%é‘r':bgreﬁ

upper and | ower “cages are ” supporte vertical I'y novabl e manner
by a cage fraert Dwnfcihes Hahet @rdhyl ef tmsicw svopdia Espdlt REE, SRi-ght and

left screw shaftsqpl g@%e@ s &GENHAY 4 dhe ﬁ’l@étléﬁérdb&%ﬁl 9Br@lr3§b

rotatably 35 support by right and left vertical frames 2a and
consti t uti ng ¢the tdeye ke ’LmdDr LeEtnoterev o REmEESL Tor 36t atRng2FhRe

right and 4 Moy 24 affe e ishald Sppesat@ 3R idddhhethervwar d and

reverse .
i Accordingly, when the right and left screw shafts 5L

and 5R are driven and respectively rotated in the
15 forward direction by using the right and left drive
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

(ﬂ 25 between 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 thé number of passengers riding .in the lower cage

4 is larger than the number of passengers riding in the




diréctions are di sposed on an upper beam 2c constituting the cage frame 2.
LIn addition, a screw nut 7a of a support frame 7 to 5 suppqng&Qm(ypper
‘cage 3 is screwed onto an upper screw part 5a of the right and left screw
shafts 5L and 5R. In addition, a screw.nut 8a of a support franme 8 to
support the lower cage 4 is engaged onto a |lower screw part 5b of the
right and | eippscr eagehd,t SIE kowk5R-ad® Fhbegppef Sepdweparit?5a Hifd the

| ower screw part_5b f3t he right and | eft screw shafts 5L and 5R are
threaded i n TRBSHi F%gfgi ‘ONs opposite to each other. Accordingly, wh t he
right and |eft scTlewsshtli¢sbbisimndfGcareedid M %&9%&%&@’%&@?% ated -

inthe 15 for ir Lon Si id O +Bfdr K iveramiions 6R
and 6L, the EB@@:&%&% rls%t%tﬁgp\%glrg%fitgalsrigiatrlggtsimoglm b%ﬁ)een trhe uppﬁ{ and | ower

cages 3 d@nd #ocamie thdusedghtOrh hkhet HOWSFartRISh&n DErENESgt 2 T | ef t

screw shaf t s phyand SR A8ILSPAI VEL fu by cRoandrtebated ik grad dife
di rections opposité to each other, the spacing in the verti ca'%.l di réactl on
bet ween the Uppér sammkW osberftdagds adapl 40c ebefqrr’i‘@rré}ascgtfeq Fhe°

'Conventipnalm§9gbk%bd%%ﬁgﬁkeﬁ§tQﬁeluﬁﬁeﬂﬂchﬂe BiLg. 8, when the spacing in
the vertical direction 5 between the upper apd kower cal%lgsd 3tandtﬁle| S not
bei ng adj ust ed, bFhrssfare, afs i 68°ResPecttinfel @re EFhAPRHE ri-Ght —and | ef t

screw Shaf{ s 5lpng R @it MRlrdiolalhs SIrdSopas ngelenddie seras cal
direction bet

Accordi ngly, t@hg}r‘;ifé?ﬁeﬁjsgﬁgggf’ggg%‘%g\gﬁ@ %%e‘?‘?f}ia?r}& tAfc?]jc%c .f(%rlgr(}?fg%ﬁg%%faeen
the upper angdploweigdrgesnll BNdik Hightbraiesl eppls@tew oshakt rijymndnd
éﬁ&t | oft sor Bk G TR B Gha BRI DTS ST S g S The Beper of
assengers rijgigagds) dhe vivesttage adei satiaedeint e tdagesuribeandf4,
passenge{g rEﬂkPgthg tggssengers in the cages 3 and 4 experience
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 Dby

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

N 25 weight between the cages 3 and 4 is output in advance by
C:} the drive motors 6R and 6L.

However, in such a conventional technology,

vibration isclating 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 wvertical
direction at the center position of a floor of each cage
is measured by corresponding sensors S0 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



unpl easarftieSEMTREcBPH Q1T ©

‘the diff&réf
by the dn vaenDépt SiGkR afdehd . cddmmvaves, lhifigSudila epavendipleramehechnol ogy,

3 upper cage 3 4 May 2006 the | ower cage 4 becones heavier than the upper
cage 3. Thus, the biasing force required to rotate the right4 vagadobeft
screw shafts 5L and 5R in the reverse direction 5 to nove the weight of
the | ower cage 4 becones larger than the biasing force required to rotate
the right and l|eft screw shafts 5L and SR in the forward direction to

nove the wei ght of the upper cage 3. herefore, as soon as the brakes

appl i ed tmdoke o£f1@athgbhg@nebt ffdeds arew shaht sehbtoanshdbR s ecrgkeased so as
to adjust the spacing in the vertical directjon between the cages 3 and 4,
t he rigrncggﬁaapgf?f:ﬁ%?eﬁFg?ﬁﬁ%OHSRsﬁiﬁtl%ﬁ_5& BeT JISHR&dSin the directions
opposite to earlweother thei ARApLScaihtVily atiONse AR atausedck ok hatcages 3

and 4, 15 and the passengers in . the_cages 3 and 4 experience

étiﬁﬂﬁﬁﬂo 6y°ﬁa§gﬁe§ﬁgﬁ opodBd n9RAfch no
i npacts alotvi AlatyOHNscteesgaubed idticheecagas Hiapdadem@uen iwhemnhthe brakes
applied to the right and Ig%t screw 20 shafts 5L and 5R are rel eased when
adjustindefﬁécg£égfﬁ§t19ﬂ The\FeFEPRAI 3 dMFedt PO SSEtWeen the cages 3 and 4
by respectiveloy reaspléNowidie pwisghyeof thes€agesrcdigndnd theandtperform ng
control saq thg% ﬁhdrive or ' a magnjtude and direction according to

cevi

ue t
S5RRE ght “BBt ARBeRhGEY PG a1 F U PR advance

vi brati-on i sol ati ng, rubber nbers for elastically _supporting.the cages 3
and 4 wi O FESpEBECHE R HO RhpaRt SBORT aFEZ' ™7 S §arEodrPePbsad at four
corners bakow.the cages 3 and 4, and the displacenent in the verti cal

direction at the center posjtion. of a_ flqor of each cage is neasured by
cor r espondi ngE§en§§ﬁ%¥%ﬂg'ast9?) ﬁ@&é&rédlSp acement - in the vertical

direction of the cages 3 and 4 and the displacement in the
.vertical direction at the center position of a cage floor may
be different from each other according to the position of

reinforcing members constituting the cage floor.

SUMMARY OF THE INVENTION

Embodiments of the present invention may provide a
double-deck elevator which solwes the problems in the ébove
conventional technology, and causes no impacts or vibrations
in cages when adjusting the spacing in the vertical direction
between upper and lower cages by correctly controlling the
operation of screw shaft driving units based on accurate
measurement of the weight of the upper and lower cages.

According to a first aspect of the present invention,
there 1s provided a 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,
comprising: a screw shaft rotatably supported by said cage
frame and extending in the vertical difection; a screw shaft
driving unit for rotating said screw shaft in the forward and

- reverse directions; a controllier for controlling the operation

of said screw shaft driving unit; an upper




t he di splacenent in the vertical direction of the cages 35 3 and 4 with
respect to the support frames 7 and 8. The weight of the cagewag2ems 4 is
cal cul ated based on the displacenent in the vertical. direction of the 4
May 2006 4 floor of each cage obtained fromeach sensor and the elastic
constant of the vibration isolating rubber nenbers. However, the

di spl acenent in the vertical directi 8/ at the center position of the

floors ofsupBereagemedbandwtdi 06Ss Mehqgdd WaYsh RRCeSHari syrdwacat ert he
di spl acenent. in the vertical direction of the cages 3 and 4 correctly. For

exanpl e, SAt€n SFE8%efGers ERfervadtrdfahly BAVING |RBY t thej Jatatiehectage 3,

the di splsaganepireisn shAetyerhidCahidhr ectikes 298 thepbeft skde eppthe cage 3
is large while the displacenent in the vertical direction on tﬁe ri ght
si de of tRESCAYR S IPPeRalPiStIRIGarPPOR. RAFE CoPBPSRH <P &CeMBRESin t he

vertical pagtr egt is@idofuphbe eages 3 abded ashdendi shBeenBAtich nithe
vertical direction at the center position of a cage floor may be different

from eaclRPEeReT? AdEBr of ndOMETt RFYSESI PREh SRTCRrIENf difci Ag HempELen

consti t ubppgsife €AGRatl 08r saSUMBRY: QerEHERE NYENT | N Erdiadiznentsc of the
present invention may provide a double-deck el evatqgr which sol ves the
probl ens 3P VRETLEDVEY RURRSA itTnathe ekhRdr8gy CfarfdidafsEsnstrhbact s or

vi brati oRsd whRiEROBSiNMENaR] $iiddIg st R igpaeBe icAgtheivebhicabwéirection
bet ween upper and | ower cages hy correctly controlling the operation of
screw shAPESHFIRATYPEAFt sPHEs S SBASELE M 4t UPREASEREMENt Gt ABYSRi ght  of

the uppekagdfl heWapp&AIRSasAGGR din@ tMianf hestunspest 105at be paesent
invention, there is Erovided a doubl e-deck el evator  capabl e of adjusting

the spacRBST n TWEOTELRY cAIT™BEFectT¥h Bt deetPRiFpePobht ITWEHPPREges

provi dedpaptp £age foaee hdasuMekt uaat | yhimy abheuhBONErLoadCOAPELSI NY: A
screw shaft rotatablg_supported by said cage frane and extending in the
verticaIlHW?%cthﬂRPr l%%ﬂ(ﬁﬁmgﬁéft rom said” lower hoist-and-supporft

part, wherein said controllers control the operation of said
screw shaft driving unit 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 sald screw shaft driving unit outputs a drive torgque
with a direction and magnitude for canceling the rotational
biasing force applied to said screw shaft attributable to the
difference in weight between said upper cage and said lower

cage.




driving unit for rotating said screw shaft in the forward and reverse
directions; a controller for controlling the operation of sanhy9epew shaft
driving unit; an upper 4 May 2006 4a supporting nenber which is engaged

wi th an upper screw part of said screw shaft and vertically novable by the
rotation of said screw shaft, and which hoists and supports said upper
cage vi a one upper hoi st-and-support %art di sposed on an upper part of
said upper cag&hed PRl SHRPRRELAHImERPHLr aWAi Glhd Slovféigaﬂﬁ%o\ﬂtﬁhga | ower
screw part threaded in a direction opposite to that of said upper screw
part of §§Pﬂe§c?%%/%%aﬁ?nsﬁiﬁ&t9%rf?%a?q%FﬁﬁﬁyﬁﬁlEeﬁﬂﬁtWﬂ$qwﬁﬁ%H ASBf said

screw shaht, thergbMRBugPohodSts, aRd sepPhsrsai d | ower cage via one | Ower
hoi st - and- supportﬁfart di sposed on an upper part of said | ower cage;

upper neasuri Age %ﬂﬂ%ﬂ?pﬁéééﬂﬁege%??%aﬁaﬁnhgéﬁﬁ 2B pEMPERPhoPfng nenber

from sai @pp@peéadf@hﬁta- JNd- SPPPPIHoispabhd-aisboatl @wet ABasIHelangnuaht Which
nmeasures a |l oad on said |ower supportlng?nenber fromsaid | owner

hoi st - andPEEPpBRIT Phlar tRe vFRRSE 1£395r dPEBREF I Yer 2tcéntGediteEn@opBR at i on of
said - scr@peshafalrtdrind @ synidndbased aBatiheod oadevalpperobippedihy said
upper neasuring _unit and the | oad val ue obtained from said | ower measuring
uni t bef BFBPSTE] GETT ngRE hEPRYAG NG T ANEREPRAHT iRAT ditvedS JIf2FBEGRen sai d
upper cage ang Galed hewehriGagenis0 that said screw shaft driving unit
outputs a drive torque wth a direction and nagnitude for canceling the
rotational biasing force applied to said screw shaft attributable to the
di fference in weight between said upper cage and said | ower cage. 4 My
2006 5 The upper supporting nenber and the | ower supporting nenber may be
constituted for cantil ever beans with each base end thereof supported by
the screw shaft. The upper supporting nenber may hoi st and support the
upper cage via one upper hoist-and-support part di sposed on an




upper part of the upper cage, preferably, at a center of the upper part
thereof, and the load on the upper supporting menber from t4¥ayppes

hoi st - and- support part may be nmeasured by the upper neasuring unit. 4 My
2006 6 The | ower supporting nenber may hoi st and support the | ower cage
via one | ower hoist-and-support part disposed on an upper part of the

| oner cage, preferably, at a center of fhe upper part thereof, and the

| oad on the | ewer 1SMBROMLBErt IRITOREMDLOMAPEnb ONETr ahQT Shipade: SURpOrt part
may be neasured by the |ower neasuring unit. Accordingly, the total weight

of the UpPERT cERE® diid CRE l?‘b?%lh%itgﬁﬂdﬁ*’fulipr?étl BAEF ¢ExResrdy CBeal
excl usi vabye FEASHE €8l Dyhe ONSicdPRAGeNOLSE r UL ISUPRRN ta RRNkeANEr ORRe | OVET
hoi st -and- support part, respectively, and the wei ggt of the upper cage

and the PBREF E3gé nedif158Tneadis el orlfdt ISP $he JOMEF ol TWEPOREY 8 ont r ol

the oper athg8r OFréMecser Bers Nafils tdbhMi Bgogitt Sahased onet hRrwakght of the
upper and | ower. cages neasured adjusting the spacing in the vertical
di recti oRY BR? wediert Re2%ipp'dYd &adk- and the | ower cage so that the screw

shaft drivi ngauBbisitpuicha dbtye heigue I tihea %Jpre@cu:hﬁ@ apd tAagni tude
for canceling the rotational biasing force applied to the screw shaft
attribut &BFRTt 0¥ HE @ fFEFeACEST nCHER JIRY WettwEeRS R UPFFEFUEagePand t he

| oner caggee Theef OR@;st-Ankheusii] epdeek Llaevetor 136eor digigrtanghe
enbodi ments of the present invention, the screw shaft is not rotated
attri but §BPRCYo B diFFerehte i Y HtRDetaeER Che thapHEPSEafRY%Nnd t he

| over cagggemen MHRR Badd 3§ be BdOudlEe cobpdatiyan of the screw shaft is
rel eased when _adjusting the spacing in the vertical direction between the

upper cage and™et FerFbvereTaRRY SPRCEHNy FRHatPerHrioR Hiat FahsSEF®Y not

caused kRagaChriGAGE WAEHs At bRAJthdewSRART BE LRe tighaterhiiCabwedi rection
bet ween the upper cage and the | ower cage. According to _a second aspect of
t he pres&APed MRATIEEH, 21 HEr @I &hpr BRRCHY dTddHBI Betleldeleldé¥ 4Bt % apabl e of

adj ustinNgetween 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 screw shaft attributable to the difference in weight
between the upper cage and the lower cage.

Therefore, in the double-deck elevator according to the
embodiments of the present invention, the screw shaft is not
rotated attributable tco the difference in weight between the
upper cage and the lower cage even when a brake to stop the
rotation of the screw shaft is released when adjusting the
spacing in the wvertical direction between the upper cage and
the lower cage, and.any impacts or vibrations are not caused
in each cage when adjusting the spacing in the wvertical
direction between the upper cage and the lower cage.

According to a second aspect of the present invention,
there is provided 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,




the spacing in the vertical direction between an upper cage. and a |ower
cage which are provided on said cage frame in a vertically 4myabb@ manner,
conprising: right and |l eft screw shafts rotatably supported on right and
|l eft sides of said cage frane and extending in the vertical direction, 4
May 2006 7 respectively; right and |l eft screw shaft driving units for
rotating said right and | eft screw sHafts in the forward and reverse

directi oRsspd @SRREYE Veliyht Coldr oldser Ssd:dw | st st dgaldhg COMIOl Fdg the
operation of said right and left screw shaft driving units; an upper
suppor t i Agt#HeersaighitdAhexfBAdsefh SEHRY ritgHt-Sand- FBft farretdi 3 above

sal d uppeev&age,didddti dns SNGAGRE LWt Dy UNRSIreCl eMs PAs Sirfiviahgl 1y ght and
| eft screw shafts and vertically novabl e by said screw shafts; a | ower

suppor t i AGYTEEENS FAFCRPRXREIRTS Th IHe! riight- and- L&FF SEFFBcERN above

sai d | ongri€age, uding ;i arengsged WMgddbtower nefBELW PRI &S Wi &lusars t hr eaded
in a direction opposite to that _of said upper screw parts of sajd right

and | ef t tR&r &hsRbzAnds Ledhd AErCFERT | GPRBY aBPadhyPESF d C88Few 2faftS; right

and | ef t engppey hiQinStuppRd- SUPRAT baRakt 5rWRLEA 2@k ghdi SRESEdrONsthay ri ght
and left sides of an upper _part of said upper cage in the vicinity of said
ri ght an8Pelft G VP SHERLLY FRY2RHYaBRASAEE hSCERY dSBpher’ stippded ng nenber

respecti ¥ghpordtAngoi slemBBE, SUPROER  SaAtLhdsppem cages riigHt-and-1efd | ower
hoi st - and- support parts which are disposed on the right and | eft sides of
an upper MLIRFHEBF BRVE |BWEr IGE i TP %he AT 1 t §RHFILhI iR ghtWend | ef t

screw shattsy aRdsengagethw tthrsabed | ower Suppeidh nepgwrIber toraspectively
to hoi st and support said | ower cage; right and |eft upper measuring units

for meas®fi Tt YPPSd SPPEY PG Faisdidppefts uibbrigftg SrerBef #4m sai d
right angndefértinpany Revsbiandyswppar kcpaskt shasrdh righic andh | 2ite | ower
measuring wunits for neasuring a | oad applied to said | ower supporting
menber f FRRR S A1 SETHRT SHRPATEF PAFbRerHd st earfl-S®app0r PR palt st %her ei n
sai d cong#®l bers somdd obrthe eppeat paRtobrsajdd efgpersWagw shafindriving

unit based on the | oad val ue obtai ned from ,
vicinity of salid 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
part of said lower cage in the wvicinity 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—andmsupport 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 wvalue obtained
from said left lower measuring unit before adjusting the
spacing in the vertical direction between said upper cage and

- said lower cage so that a drive torque with a direction and
magnitude. for cancelling the rotational biasing force applied.

to said left screw shaft attributable to the difference




said | eft upper nmeasuring unit and the | oad value obtained fromsaid |eft
|'ower nmeasuring unit before adjusting the. spacing in the vekaycahs
direction between said upper cage and said |ower cage so that a drive
torque with a direction and magnitude for cancelling the rotational

bi asing force applied to said |left screw shaft attributable to the
difference 4 May 2006 7a between t hé?| oad applied to said upper supporting
menber fb@ﬂﬂveéraiﬁhdlﬂnﬁrd RYbste@nth sspRDripHear suppdrit ey IRaseappkbed to said
| ower supporting nmenher fromsaid |left | ower hoist-and-support art, and

wher ei n S&IY WY SPLEFSPRETRYPEL T EhBABpet Mt itBf oPadsaPRI ISR §8F2w shaft

driving uskér bagedrednlhgehinad ﬁt@kﬂueal@bl@-fﬁleﬂmfe&oﬂb&@t%ﬂd—@hbpblﬁtpel’
measur i ngﬁuni t and the | oad , val ue ohtained fromsaid ri | ower _measuring

uni t bef BREE: aBfUstPREStheS3PacPAYIH 1ERE VEPEFRAl tafr é’é’gF%lcl’ibt%en sai d

upper cageiandigit dstemerskage & wiRgt vaidr bueediobguenyi ibaa vdiuection and
magni t ude for cancel | i n%d{i he, rotati onal biasin for ce plied to said
right scPBOAUIRG t 5% r PHLR abi 2Rt oUPRRF BF?Y V@Eﬁ tHhe 193% applied

to said uppes sUPEDEdd N@romenbed frﬁgﬁtsabdeﬂpm@@sh@mg andt supperd part and
the load applied to said.|lower supporting nmenper fromsaid right |ower

hoi st - an@94Yppdtd P t°P#REAy 1?0(5§68ve?ﬁég%|1pp‘éjrr%‘ifd'ﬁ’8r HEhYSienb2te and t he
| ower supppét | dTRITREls TRy 1B6e€0884d t 314 echdtOra caritviel @vefubeaish saipport ed
the right and | eft screw sh fts ypper. supportin nber may hoi st
2nd SUppBLESTHOR PerBaGE IR ol theibBur LRG! BbS aRaCRUsBart PRATEE ol sposed
f)n ri ghtoass hﬁﬂle;i?bd&ﬁ @éldhh@gmpafjcﬁ@a;r tsHafett E&ttﬁ@@&faiﬁl&geto atk Lhe
ower su rtin er ol st _an Su ort the | ower e via the upper
hoi st - angggff‘prp%ﬂ%le S gB%séBa%na?Welepcf UhtSahf 1 S8 g’grg}nq he upper
part of h&aoélowefozﬁageldl RipbBE S he@Bdi dndbupbbet ripght and | efd upper

hoi st - and- CPort arts }:/ be disposed in the vicinity of the rlght and
appl 1 ald lowef supporting member from sald right low

hoist-and-support part.




| eft screw shafts, respectively, and the magnitude of the load on the
upper supporting nenber fromthe |eft upper hoist-and- suppofMagaobsay be
4 May 2006 9 substantially equal to the nagnitude of the |Ioad on the |eft
screw shaft fromthe upper supporting nenber, and the magnitude of the

| oad on the upper supporting nenber fromthe right upper hoist-and-support
part may be substantially equal to the magni tude of the load on the left
screw shaft frmem tdigerUpPeip SUAPEGT thdddbdrenbed . theMm laklry, sigi@tight and

| eft | ower hoi st-and-support arts may be disposed in the vicinity of the
right andefBff M8¥r &% ﬁ?a?ﬁt%’,‘?ug%%p@&‘f i GRP LT (@M giPPAaGESSf P¥he | oad
on the lkaweriguppert negr negler sheenzthe | eft | ower hoist-and- support part
may be substanLi ally equal to the magnitude of the |lgad on the |eft screw
shaft from t hé *FoldPeSufPePOrhYRY nBRBRT: 4A¥ fREShaghft FYEPSTTt f8°| oad on
the | owelupgpperlé Ngia MeABEGpHEO M N angbbuboned Fitst -ArRgossgpoent part
may be suybstantially equal to the magnitude of the |oad on the right
screw shéflfjmf:r%’?r‘ilt%‘“e%/ Oﬁé]FSSBSpBP?i Sredfer. CActBf diRfiYy C39fe PBft upper
measur i nghdnilowand stippotefiy hawer MRASWHJIIRG WHE Jmypoeor raest hywaeasure the
magni tude of the |load on the |eft screw shaft fromthe upper supporting
menber, &AESt e 3nelgifi t GRS Tof PP HE 139535 BRP Y He PRTES sé%%@?%ﬁﬁ’gf?n FE m t he

| ower suppentiagy MeFBesidS rif ankyuppdie pairghb £ upern oweastddag unit and the
right .lower neasuring unit. may correctly neasure the magnitude of the

| oad on the rLGhETSE: GRPOREITET r O t FESiippBic shbtior tHBRF HABEARSENd t he
magni t udeuppotthepdraadnan bhedidg@hikaserevnshafdinityost thiee [xawer sHgporting
menber . lhg controllers may contr.ol _the operation of‘eé he jJaetht screw shaft
driving ufitt PoEBY VR the TOMPITAVELY cofPectly MaFBaE e ad§edBPbed above

bef ore adhushéngppdre SPARVRGny Nmetithd: Vdidn ¢k diefectbedr heiiseeantthe upper

" cage and the | ower cage so that the left screw shaft driving unit outputs
a drive. support part may be




torque with a direction and magni tude for canceling the rotational biasing
force applied to the left screw shaft attributable to the di Magneose
between the load on the left screw shaft from4 May 2006 10 the upper
supporting menber and the load on the |eft screw shaft fromthe | ower
supporting nmenber. Simlarly, the controllers may control the operation of
the right screw shaft driving unit ba%ed on the |oad value correctly
neasur ed sags dgscrdned .ahovecbet gL enagh slden® st hee 3BT BY iRt Resyvertical
direction between the upper cage and the |ower cage so that the right
screw sh&fFECHr i ¥14ig urfire™ otifput PRETr | WPPOSFE§UE VITPeE /di PEELT Bheand
magni t udga Rl tudanseldnRg 1bhe 6Rt 8hé Ofdhe DI Bt {QF GRerdRR! irednt end he right
screw shaft attributable to the difference between the |oad on the right
screw shafehtr 8PRTh UFHer SuPFBIAtnearEnBer RRdSEhetantdad lgnethel ri ght
screw shabt the omdhieub@Wet sHPPOSdd Neh dIRMIGE: ACEOF ANGLY rrbR the

doubl e-deck el evator according to the enbodinents of the present

i nventi OHPPEBrSUBPRABIRI B FB§ Twhen passengers enter unevenly on the left
side of each gageia@y one efighhe dhigghte@ndibgdt s6iew shaltppbst not
rotated attributable to the difference in wei ght bet ween the upper cage
and the P8kt EagePan@hSRPHakd t'dStoiFionEyr 8fafPenrégntt ABdsérEw shafts

i s rel eagedewhena B, Ustdspact DR Spaci My 4 thQnivead i sl thir e6td osn bet ween

t he upper cage and the | ower cage, and ang impacts or vibrations are
caused iﬁ?%nao{ﬁ’ﬁﬁe:su?ﬁ%rﬁd}%_rm r FRU uRle dRATt HEWPEWEIOLFEA3EE T ng uni t
My CONMpPEi:§soel asdic ies bdarpRsadibetyssn tHecHPPahgnSHRROTE4 Ng menber
and the upper hoist-and-support part, and between the |ower supporting
menber ah@ct ReafloRBr i defandcrsiipport tpdreon £hE JOWssr SUPBPTRERSuUri ng t he

def or mat hompd M, they twer hh§al tuhid et iR abalihenelrstiGwdlodi®port. _
controllers may respectively calculate the | oad value based on the elastic
const ant ™8Pt he TEPAsTE bodinés BoWPR heoist-and-support part may be

substantially equal to the magnitude of the load on the right
screw shaft from the lower supporting member.

Accordingly, the left upper measuring unit and the left
lower measuring unit may - correctly measure the magnitude of
the lcad 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.

Similariy, the right upper measuring unit and the right

" lower measuring unit may correctly measure the 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 may control the operation of the left
screw shaft driving unit based on the load value 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 magnitude for canceling the

_rotaticnal biasing force applied to the left screw shaft

attributable to the difference between the load on the left

screw shaft from



deformati on obtained fromthe sensors. In other words, in the doubl e-deck
el evator 4 May 2006 11 the total weight of the upper and | omehygemes nay
be applied to each supporting unit via each hoist-and-support part.
Accordingly, the deformation in the vertical direction of the elastic

bodi es i nterposed between each hoist-and-support part and each supporting
unit may be measured, and the | oad oh® each supporting unit from each

hoi st - angnsupppet BaphoMBhPeneriRIC Wt echLotsartby basedeoh theeweasured
deformation in the vertical direction and the elastic constant of the

el astic SBaff eiromThBe ol WRY SUBBAF ST MEEPPEsed bet ween each hoi st - and-

support part gngi eachy,supROrddnfgolnéts NRYy bEontidnatin@n ople$at 8 NGE r ubber
menbers to elastically hoist each cage and inprove the ride quality
t her eof . trRe Td8RS0PCFRY ABASUr FRYVIHE WRForPRETDnoR nthhel0aft VRAYS

directi oBoptedths ehasdiredbosh egemBY ! HEeya dibtbes entihabeidg apsglucer or a
| i near encoder for neasuring the distance between each hoi st-and-support
part andSBaeHSuldports ntPUicel FARECEHPOPRT e ditdfanBBeEefid®F % ng | aser

beam or itRérabadr kaye e el rohd epsgiRY sadéwSknhbe spacing unit he
vertical direction between the upper cage and the | ower cage based on the
def or mat PBRPYES t Ae Féiei AT etitthor? of TEREtEmastnd MBeRi Bi%nt s ned from

the sensehfcelimOthy MWHASonkhercaBin®l kerse f @pprdt red | tRg thent operation
of the.screw shaft driving units may control the rotational direction and

t he tot aPChEfbE TS AFbF Y GIP16F tPhEDe sAH A rsREPt BE TSP H&CsiPRW ¥haf t

driving WpktSigianGcray st ront hﬁesmm%dpPokhﬁnyQﬁéﬂué&! adiresd i on
bet ween the upper. supporting nmenber and the [ ower supportlng menber. In
this conéP%@oﬁ¥14t%%yl?G@6 13crew shaft from the lower supptrting

member.

Accordingly, in the double-deck elevator according to the
embodiments 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 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.

The upper measuring unit and the lower measuring unit
may comprise elastic bodies interposed between the upper
supporting 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 elaétic bodies.

The controllers may respectively calculate the load wvalue
based on the elastic constant of the elastic bodies and the
déformation obtained from the sensors.

In other words, in the double-deck elevator




the deformation in the vertical direction of each elastic body, therefore,
the relative position of each cage to each supporting unit 4myybeogbt ai ned
correctly, and the spacing in the vertical direction between t%e upper
cage and the lower cage nay be adjusted nmore correctly. The upper
measuring unit and the | ower neasurlng unit rmaybe | oad cells interposed
bet ween the upper supporting nenber 1and t he upper hoi st-and-support. part,

and bet wega theal | eVEhtSWIPALE RgpEENhe: Bdkkt hes JedWaiayhBies appgdes uppor t
part. In other words, the total weight of the upper and | ower cages may be

respect i ¥81 A AppIPBAT FF e A8 EstibpotdihgoaRFTard éup@aeh PRAitst - and- suppor t

part. Accordi Rgtyrdiia yl, 08de Ofe RAGRLSYRPOK LMY viéRkl cdl cnRAehon of
hoi st - and- support part ray be obtained correctly if a load cell is

i nt er posEB® bELABEH eBRH $oi STEHRASSUpHSLT S par Faﬁ%dhoéﬁEﬁ@uﬁiﬂBP?ng unit.

Still fuphbherand hednoadpseid isigmayibensy SROSRAsuRe8Lrdms thei thagtdie el astic
bodi es between the upper supporting nenber and the upper hoi st-and-support

part, an82fRt WERRPEHEY OWEF TSEBp6FER ngohBAEId-aHEPPHe Poflermay be

hoi st - anda stpRAtd RREkect Ty ObRIG Wor dhe Wbabhfed ORsk Lokl iaRdidh henel astic
body are interposed in series between each hoi st-and- sgg ort art and

each supP®FtidRf urtiecHing 13940 Uit e&t3 Sifppor i Mg turf t Flaat’

hoi st - angogigport part may be obtai ned correctly, each cage may be
el astically suEEorted and the ride quality may roved thereby. 4 My
2006 13 BRI EFPESERPATEONPOEL THE IDRANPRRSS FP@tW%e?seangeF’é’ﬁéEf?% view of a

doubl e- degkpo-al eyaker aggordlidhg toppsreimpodivaent fdythe preseatiod nvention;
5 Fig. 2,is a horizontal sectional view of through the |line A-A shown in

Fig. 1, EFYRting rubberqdeyPeans f FBmetlﬁétél??Je]cl’h]b?ll%‘f SBFP ar¥%w B%hind a side
view fr oMb Reredithecti @ falanyafKWE.

The sensor for measuring the deformation in the vertical
direction of the elastic bodies may include a differential
transducer or a linear encoder for measuring the distance
between each hoist-and-support part and each supporting unit,
and an optical distance sensor using laser beam or infrared
ray.

The controllers may adjust 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
bedies obtained from the sensors.

In other words, the contrcllers for controlliﬁg the
operation of the screw shaft driving units may control the
rotational direction and the total number of rotation of the
screw shafts via the screw shaft driving units, and may
control the spacing in the vertical direction between the
ﬁpper supporting member and the lower supporting member.

. In this condition,




shown in Fig. 2, respectively; 10 Fig. 4 is a block diagram show ng the

rel ati onship between each nmeasuring unit, a controller, andmagnoye

notor; Fig. 5is a side view, simlar to Fig. 3, of a nodification; 15
Fig. 6 is a side viewsimlar to Fig. 3 of another nodification; Fig. 7 is
a schematic side view of a doubl e-deck elevator of another enbodinent; and
Fig. 8 is a perspective view of a coRv¥entional 20 doubl e-deck el evator.

DESCRI PTh&N ORadidznBREGERRER EMBEDI MENES i cEbodiirtsoff amdoubhendeck
el evator of the present invention will be described with reference to Figs.

1 to 25°335HC t'iREVdeSEFTRET S BEroRP BV S SOSILEAPD P T RAGP0F3PE tefi ned as
t he perpeadhCubapcdichiegt i@t t Reyr ight -dRaihedt didreetiph ismadethoed as the
direction in which an entrance door of each cage is opened/closed, and the
30 dept h=8PFetYi th FRE dBF i@ ladirREC TR R FHREN ﬁh\ﬁhi“@ﬁerpéég%n@%?s

ent er/ exichcedshe € a3Qe Thy Hd Yajhbee®tdree cstFaletyr.e of a doubl e-deck
el evator 100 accordi ng to the, present enbodi nent will be described with
n

reference to EP§s.UPPeAndesSuhlthgbrtt aaBI35he0 1eyrst Y- fraPAit ope R has
ri ght anehaksét Meidiealls baawsrpsbeandhekidbegxtiidi Rgpeh thppvertigal
direction between an upper beam 11 and a | ower beam 12. 4 May 2006 14 In
the vici AFEHHf 2pfheths gMtPE S 2DEr FTRRAT HPATs - £3R BREWESE, e ght and

| eft bal Lofer exviposeh By mdidfelrS hnd 1R arthe:7hoi iR -8ngpdat alhably supported
by support arns 14R and 14L fitted to an upper beam 11 and an 5

i ntermedi at e BBafFASF HEFPont &PFyt 5@ eMALIGti ATt HRe YERGHt 208- F8YET directi on

at a m ddhgepandy itk thpeetiv6€R} applied to each supporting unit via
| each hoist-and-support part.

Accordingly, the load on each supporting unit from each
hoist-and-support part may be obtalined correctly 1f a load
cell 1is interposed between each heist-and-support part and
each supporting unit.

Still further, the load cells may be disposed in series
with, the elastic bodies between the upper supporting member
and the upper hoist—and-support part, and between the lower
supporting 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 may be obtained correctly, each
‘cage may be elastically supported, and the ride guality may be

improved thereby.




direction of the vertical beans 13R and 13L, extend in the vertical

.direction. The right and left ball screws 17R and 17L are lOvapbeded in
the forward and reverse direction by righf and left drive notors (screw
shaft driving units) 18R and 18L, which are fitted to the support arns 14R
and 14L, respectively. The threading direction of an upper screw part 17a
15 provided on an upper BRAEFt REFEBLPAAGNt A8t THE BRRBWEES screw part 17b

provided on a |lo Si t-her eof ite each oth T ration
of the right andmfggt gfivggnn of%ﬁ%gﬁgﬁgﬁgglgﬁ%%ang e ?nd?é?%ha] ?ﬂ@_ '
controll ed bglavebntrobkkeprd20g19tehi eh i smhodiventonpht ekhe Uppessamd | ower
cages 20 andiﬁg ﬁ&goﬁupported by a supporting unit (not shown) in a
vertically mbvabl 6 Cfanner i nsi de the cage franme 10. The upper cage 20
conprises a pair Bigfranksnenherszopbaliseahienahreievsefl Ferowgh Mt and .
back ends, on,}hepn_het} %bdﬁni@i he,figure and they extend in the vertical
di rection, and a pair OP f

rame nenbers 21R which are installed at front

~and back ends, onFigie-rilghissialesife tHew | fupe dhe wAitackieRn@Li AR he
vertical dir se&g_ﬁana 30 A o &filadIRPGdw SRR h &7 dM At 4IPS £ Nl Sdradied-suppor t
part) 22L extending in the depth direction extends over upper ends of the
pair of franmshagprbépsF29.. ZA FE§RECGPFELYROI st and support arm (an upper
hoi st - apgl- suppor f; gar 1) ;2R BXberduRdgirAmt N AERIY #hd epbigpioshnaral | el
to the.left upper support arm 22L, extends over upper ends qQf a pajr of
front and babRUFESRe GATHHEREASURINGN UPRE /[ ijhEoRTFHeL 185, 42 yazdg’é“ﬁ"\e
front and bagktepds of the right and | eft upper support arnms 22R and 22L
are connected to each ot her for ,reinfprcenent.gg a pair_.of fgont and back

r to Fig. , of a

G‘ei nf or ci ng Fig. 5 1s a side vwview, siml
' modification;
15 Fig. 6 is a side view similar to Fig. 3 of another
modification;

Fig. 7 is a schematic side view of a double-deck
elevator of another embodiment; and
Fig. 8 is a perspective view of a conventional
20 double-deck elevator.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of a double-deck elevator of the. present

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

(1} 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 openéd/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.




nmenbers 23 and 24 extending in the right-to-left 5 direction, as shown in
. Fig. "2, though they are omtted in Fig. 1. Simlarly, a | owNaga@r 30
conprises a pair of frame nenbers 31L which are installed at front and
back ends on the left side in the figure, and they extend in the 10
vertical direction, and a pair of frame nenbers 31R which are installed at
front and back erbis ke thecihiy ofilee inighe anguief i S&3 in

the verti cal I regti heht Lewen 511 a50ERs! QWRrew shafts)
hoi st - and- supplgrt(?ﬁ;i a tAf §2L gxten |ngpj|9n he deptsh directi on extends

over upper &RBs asfd t héLpaMhldi’rh f 2Bt rOéEr@d‘»a@alé’k SYRPR HetrbBYs SWROMn t he

eft side. A,phght; JOWeh s UPREY esAfiRd achovits ksl apdapURROr kndpant ) 32R
extending in epth |rect|on parallel to the left lower s ort arm

32L ext erids bn‘éﬁrmﬁééﬂténdbe@fﬁ t B® péiorrlo’»fonftraéﬁiy arﬁi‘t@é@%nﬂr ang! rs 31R
on the r'gh&ﬁghgetoIm@fErQ@Eeéﬁgoﬁaﬁk ands e & B rd ght ﬁﬂgjﬁéﬁﬂldﬁﬂﬂﬂ

support arns are connected to each other for_ 25 rei orcenent

by the pair @ireebaenamf belek FErhi6rti RGaMEnbets @xtendt Eng Sk

right-to-|ef {:hgl eekipRl ghmkbanby.to the upper cage 20, though they are

omtted in Fig. 1. An upper support beam (an up por t nber) 30
41 extending in tHeerighsht oangftlattedtdidn FST 8?" oﬁﬁg vg7ﬂe Upper

cage 20 jand bgkawetheid i ght afhwafd aﬂ@pﬂewrﬁlﬁédﬂﬁlﬁ%&n&ﬂ;ﬂ‘& Ri ght
and left screw.nuts 41R and fitt dto %a{g | ef t endgi upper
support beanPBf ar&F 3§réH§ad@L§t%§h tppeF < FHE9 2 AE51 74 O the
right and | ghy badil, sehews k&R afikted, t bes:mactsw@qrt TaemsppdR samppor t

<Qean141 is plvotagg%p%% poraed by 4 May 2006 16

- The threading direction of an upper screw part 17a
15 provided on an upper side thereof and that of a lower
screw part 17b provided on a lower side thereof are
opposite to each other.

The operation of the right and left drive motors 18R
and 18L can be individually cohtrolled by a controller

20 19 which is a microcomputer.
Upper and lower cages 20 and 30 are supported by a

supporting unit (not shown) in a vertically movable

manner inside the cage frame 10.

The upper cage 20 comprises a pair of frame members
- 25 211, which are installed at front and back ends, on the
(}} left side in the figure and they extend in the vertical
direction, and a pair of frame members 21R which are
installed at front and back ends, on the right side in

the figure and which extend in the vertical direction.
30 B 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 2]L.

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.



the right and left screw nuts 41R and 41L by a shaft 43, as shown in Fig.

. 3. Simlarly, a | ower support beam (a | ower supporting nmenbexhy 4806
extending in the right-to-left directionsis 5 disposed above t%e | ower

cage 30 and below the right and |eft upper support arnms 32R and 32L. Right -

and | eft screw nuts 41R and 41L fitted to %ht an | eft. en of the | ower

support beam 42 dfe Erepigedndi ]Pﬂckoﬁéﬁissé’lfe\ﬁ Garignt 7l9néin§

right - 10 angugﬁ&étbék:lnssQQﬁ“’%n&ﬁBZ@n%ﬂeﬂeoﬂr@ﬂt%@t lt\bE|e)achThﬁ:HeQV\e‘:'roxsuppor't
beam 42 is piv 'y supg}orte the right and f% s%rew 'nuéﬁjr 42R and
42L by the shainpfozgemgpki Rar|§ IP@J{’—’heoﬁp endy t PBEEM AL HH T E1%r e,
when the right aadsl eby bagr{d scieWset¥Bndihgandnl/lchar e Jj’:LQjI&I-Grb-IJIEﬁ’d”le

forward direction, the uppe support_.beam 41 is |.o and th
support Beandirscéietat &6. @P"f‘helﬁt Red -hafrd, t%%gpmﬁ e¥| GAt SRy 1:eefci/\eball

screws 17R apg ¥{k afe rotated in the reverse direction, 20 the upper
support beam 4l i$ elevated, and the | owe ort beamls | o One A left

upper neasuring uPLRIEBELYs 3 ntWPosERIe bé?v@ T SUpapé?"’l:'SUpporji ‘beam 41
and the. uppepesvBRer 311ArWRLA 8Pet Herdtefllillesi det, fnohia ahdhibamdpesnds

- nmeasuring 25 unit 50R is ipterpos bet ween the up a and
the upper suBporitreartfo2rREd etﬁ@ El%ﬂtgjsq%e.' d gﬁ g%g%é?t tL‘g‘learemzt:“‘zil t hus

hoi sts anyd syppehtal thersePpbsncagmP0avi paihe of glftrazed hefbeuppetlR -

measuring units 50R and 50L .and the_ri d, Left el SURper ar s

22R and 22L. W& &% I?%aéflt cfjo?‘/%rf ﬁﬁgbﬁl%lj(t e@@@ IS T nt e%})okggd

bet ween the kaaer suppﬂfet hegnrd?2 andl thﬂIHChl omtelsdlppmtthﬁm‘s@{th?ﬁl he

| eft side, d a ri. ht | ower nmeasuring unit 60R is interposed between the

B

Govver 35 sup M-42 and the | ower support arm 32R on the right side.
A left lower support arm (a lower hoist-and-support

15 part) 32L extending in the depth direction extends over
upper ends of the pair of front. and back frame members
31L on the left side.

A right lower support arm (a lower hoist-and-support
part) 32R extending in the depth direction parallel to

20 the left lower support arm 32L extends over upper ends
of the pair of front and back frame members 31R on the
right side. '

The front and back ends of the right and left upper
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



The™:l ower support beam 42 thus suspends and supports 4 May 2006 17 the
. lower  cage 30 via the right and left |ower nmeasuring units 480k apah 60L and
‘the right and left |ower support arns 32R and 32L. Next, a description of
the structure of the right 5 and |eft upper nmeasuring units SOR and 50L
and the right and left lower neasuring units 60R and 60L will be given
with referenteet oighy. aBd Sehtesthevwshiist dA& ohdt Hade iiedsilialg dits is
i dentical, a_de i.ption the structure of the left 10 upper neasuring
unit 50L mjl?gb%ﬁgkge%ﬁ ?ﬁ%'left upper neasuring unit 50L has a pair of .
forward and back ®imktarlbodt eboBer hehapPrtt heaferl@ dfiWweli FERIGHBet ween

afitting p'ﬁglﬁbég)fiéée%%@&ﬁ@p% diacer ofnt heo LDPLE SRRERE oheams 41 and -
a fitting plate 15 fixed on a | ower side Oof the upper support arm 22L,
‘as showb i ndksgosed Fheve thasipreBogires 39 andsiiedsM yrhaugpsht 3d  upper

cage 20, and;aet @5pNibLALHOP: | $PhEL5PE sN§berT, menbers to inprove the ride
quality for passengers in 20 the cage. A differential transducer 53 as a

sensor for neasBiglt t BaddetofhraticaRv ke AdR i 8Bf dAllectibhedr 9 he

~pair of frp”%i?ﬂ@ hagk ebasticgdaodbes 9 16wet heuppwerd bédie spaced n the
vertical direc

I on between the 25 upper support beam and the upper
support arm gpgagpd Wéﬁ@pé@@@ro@Q%%%ﬁ?a%ﬁggHﬂ?saF |a§§ P&.é*q:%ﬁﬂﬁé, of
the fitgtd ngaphaterdlpanit Berspper 7aupRar17e) mddbest éey. a position |
between the pair of front and back el asti ,bodi.es 52.. 30 Signal s, qut put .
fromthe differentidl 1?‘?’%ESEHEEPr§3bQQWe4§r dis APy & 9 &Y 19 via
wiring 54. ThrReSirgralt taransnett edckenmmiite |49 ampped2hedyurtiirg shait 50L

s tnput to a.lelt oide 0riyeiRt OhpS tibort beam 41.

Therefore, when the right and left ball screws 17R
15 and 17L are rotated in the forward direction, the upper
support beam 41 is lowered, and the lower support beam

is elevated.r

On the other hand, when the right and left ball
screws 17R and 17L are rotated in the reverse direction,

20 the upper support beam 41 is elevated, and the lower
support beam is lowered.

A left upper measuring unit 50L is interposed
between the upper support 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 SOR 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




unit 19L of the controller 19, as shown in Fig. 4. 35 On the other hand,

. the signal transmtted fromthe right upper neasuring unit 4&QR 2e0d nput to
a.right side drive notor control unit 19R of the controller 19. 4 May 2006
18 Simlarly, the signal transmtted fromthe left |ower measuring unit
60L is input to the left side drive notor control unit 19L of the
control | er lithe anuv¢hecage gfl vipahbeai rieltf pbmh dRE U ilGHET SRESTRERSuri ng

unit S 60R 18,1 PUEORO2LAE ddigNing! SR URVALIRERL COPE! bl kuppRtol the

controller eft drive motor control unit 19L of the
controller legrmll‘zﬂ&trei 32e. | oad val ue on the upper support beam 41 from

the left upper lﬂ%@;@# r Li p238n1Q # hend 0ad ryltue cono t hehk owahsuppor t
beam 42 fromthe %o%%% 0 or%.l arm 32L based on_t he de rrrat nin

t he vert iScal amd rb@ftolﬂppertm@aéllﬁéil%uﬁéﬁ? BORaAgdt RAL &Pssty df&r‘iI ant of

the el astic Y1 Kol the hekt copperilTeasurgingnuni t
50L and the %)&? é%% M‘SP %gg‘d??ﬁg ﬁgl tgg160L Next, the lI eft S|gde drive

not or cont r obiumixefigrente ERelEdHnt¥ol ler 19 cal cul at es the difference in

each cal cul ated d;9pd vahie, skehi8Esre0 ox t %Me%es'[ﬁé@dukmng st tor age uni t
(not shown), and lb

tains the direction and 20 ude of _t dr.i t or que
to be out putl@*?nﬂ”féalefta deger et ien nﬁlfortl'i%Ln%g ggﬁSncﬁ%gQﬁ% tlﬁe\éec
di f ferenge igp éP%éQ&S!ri!ﬁ«h@ﬁltlﬂoL hiB1Tase,given di rection and magnit ude

of the. drlve ue eout ut by the left sid riyve ot o 5 L are
the direction andﬁrﬁgﬁﬁfﬁde‘lw hé‘e&FWéanorLHh]et Clanidf & r%?a’tzl oﬁl
bi‘asi ng T or ceoapRt egniio taa: |ﬁfdstmﬁlﬁocﬂ£§£v%27heaﬁt iinb bl wettd cele

of t - Sor ow i FASEIBF ERE-G5Bors SEpbrEe bESATAL Ynd HHET 30t S5 S5 ed to
‘he left bal faserew thk fupp@rt Bappekt beam 41 and a fitting plate 51
15 fixed on a lower side of the upper support arm 22L, as
shown in Fig. 3.

These elastic bodies 52 elastically support _the
upper cage 20, and act as vibration igolating rubber
members to improve the ride quality for passengers in

20 the cage.

A differential transducer 53 as a sensor for
measuring the deformation in the vertical direction of
the pair of front and back elastic bodies 52, in other
word, the 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 221 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 50, is input to a left side drive motor control
unit 191, of the controller 19, as shown in Fig. 4.

35 Oon 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.




screw nut 41L of the | ower support beam 42. The left side drive notor
control unit 19L of the <controller 19 controls its operati avsp20dm@t the

| eft side drive notor 18L outputs thisjdrive torque. 35 Simlarly, the

| eft side drive nmotor control unit 19R of the controller 19 cal cul ates the
| oad val ue on the upper support beam 41l fromthe right upper support 4 May
2006 19 arm 22R, Simllawly.oadheal §é98alt herpowaitsappoffoBedha2 Lofitom t he

right |over P@P@Pr{neééﬂﬁﬁg §ﬁ§6d6@ﬂ &Qeln%ftortraitﬂw ligkt ha qeerddicad

direction of the elastic | astic constant of the elastic
body 52, 5 whbehr araentmmit ‘ﬂﬁbtn t1t9es r@éhtthqapépnﬁﬁaééﬁrn&%m andoRheand the

right | over gpasurl ng i 908 MR, thBe J8lic Sidsedr hvasteian ey ol

unit 19R of controller 19 calculates the difference in eaér
cal cul at &d | 68R #&l dapbutefer sthe Bighbl eideofEdvenmetes SOBTAge RE (not

shown), and pbfajpsttbecdhtesiion aond magnitude of the drive torque to be
output by the right side drive notor 18R corresponding to %}ge i fference

in the load val . ﬂﬁthl%%&rlY%@ﬂFPécﬁWrﬁﬁd f tfe 15

drive torque-$QrPg1 PuEPULS brat RRIEEEBL tgidle 1@@@/%@9@@ on18£~h@r Ql]giﬁ&ﬁ.’ _
direction and magni tude of the drive tor%Re to cancel .a rot% onal_ bi asing

force appli edUPBO¥ hePeprght BEeR $BfedSfERURRSY HPRNTE AT e Tdi (¥t ence
bet ween ftohe {pad 1apRl i edite tdie th@htichald sepsvrt 7Beaa f4pmerhe rilght

screw nut 41R of the u per S ort b 41 dth plledtothe
right ball stfdly iﬂ’-’(’e’r‘p qg?r?ﬁrﬁt ggg]r %ﬁR t ga r-“Suppor t
beam 42. Thethéghiexﬁldﬁldrﬂﬂﬁedﬂ@i@ﬁ e@ntitod emastieRb@fdw@ eondt ridid er 19
controls its fgﬁgatlon SQ t hat _t

ri 25 SI taqr. 1 Qut put's
- (this drive t8 1C| FOPREERELRE] ItFIS qfaﬁé:lrcl @% n%r'l \é‘%efjtlrgtglpgaer gLup)por
arms 22R andf2adh atiee dilsyfosedppeart h@amm:mg yuafitt h20L and the left

15 lower measuring unit 60L.

Next, the left side drive motor control unit 19L of
the controller 19 calculates the difference in each
calculated load wvalue, refers to a table stored in a,
storage unit ({(not shown), and obtains the direction and

20 magnitude of the drive torque to be output by the left
side drive motor 18L corresponding to the difference in
the load values. 7
In this case, the direction and magnitpde of the
drive torque to be output by the left side drive motor
N 25 18L.are the direction and magnitude of the drive torque
C.E 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




right and left ball screws 17R and 17L, respectively. Accordingly, the
magni tude of the |oad on the upper 30 support beam 41 from4iyeybedd upper
support arm 22L is equal to the magnityde of the [oad on the Ieft bal
screw 17L fromthe right screw nut 41L of the upper support beam 41.
Further, the magnitude of the | oad on the upper 35 support beam 41 from
the right uppen Bﬂppoandathezzaadsvaéquabnt¢hEhéom&gnﬁM@@@r@fhﬁ@@l%@ad on
the right ba screw 17R fro r| re ut e pef May
2006 20 supp%?? b el 419 i E§H¥? i EEO§%htg%ﬁd ?eft 6%%? éﬁgpg¥fﬂarns
32R and 32ldafermiasposedr nthee ventm:ay aiflrteltetmnghofanﬂlel eflasidiq
screws 17R and p | gl e | e | oad
on the Iowea‘b g%pg%r % gﬁ% %% %8%?tﬁ§%%%gb%lgﬁeF%g eﬁ%%?l&?ﬂﬁg LE%Q equal
to the nagniwhilehobrehénpodd foom Hehe ef iglvlal hppetr @wawr_lngo#mlﬁe JC&f

screw nut 42L _of r 0 rther, the magnitude of
the | oad on ?%8 ome?lggﬁp%%ﬁ E@%%$Q§P£§on1t%e@@?ght Iomer support arm 32R
is equal to the Negni tiute beftheitleadranet RetprghPnbaPl usdted*E7R% rom
the right screw mul,¢al ol the | Qubln 13URROT tnBeam fferdfcdhus (hen eft

upper nmeasuring u he Ief | ower neasurlng unit 60L can
correctly neaslreleahed repd t vdbuef tII@efeIr@adt@n & heabget FQANCKcHBWAL7L

from tq% upgﬁ5¥§g8pgﬁ&tbq%@t4%hdﬁﬂ*trﬁh@393t59ﬂ§ Qhetﬂger@donomﬂdmzleft

ball screw 1 | ower support beam 20 42, respe Simlarly,
the right uppegnibadar Pig tie CE0R dEIEhet?i BRt OPBREE ﬁ’é’ ﬁgn@q}{ﬁt 60R

can Correctlglagaawﬁe the JR A Udsr Pés d[ﬁéh@dix@@dt@nthhedmf@fétreh@lel iSCrew
17R fromthe up E pEort beam 41, and the magnitude of the
) the oad values.

In this case, the direction and magnitude of the

)

15 drive torque to be output by the right side drive motor
18R are the direction and magnitude of the drive torque
to cancel a rotational biasing force applied to the
right ball screw 17R attributable to the difference
between the load applied to the right ball screw 17R

20 from the right screw nut 41R of the upper support beam
41 and the load applied to the right ball screw 17R from
the right screw nut 41R of the lower support beam 42.

The right 51de drive motor control unit 19R of the
controller 19 controls its operation so that the right
. 25 side drive motor 18R outputs this drive torque.
Cﬁ} ‘ In this condition, the right and left upper support
' arms 22R and 22L are disposed in the vicinity of the
right and left ball screws 17R and 17L, respectively.
| Accordingly, the magnitude of the load on the upper

30 support beam 41 from the left upper support arm 22L is
equal to the magnitude of the load on the left ball
screw 17L from the right screw nut 41L of the upper
support beam 41. '

Further, the magnitude of the load on the upper

35 - support beam 41 from the right upper support arm 22R is
équal to the magnitude of the load on the right ball
screw 17R from the right screw nut 413 of the upper




25 lLoad on the right ball screw'17R fromthe | ower support beam 42, .
_respectively. The controller 19 can correctly control the opeaabogh based
“an the correctly neasured | oad val ue as,pdescribed above before adjusting
the spacing in the 30 vertical direction between the upper cage 20 and the
| ower cage 30, so that the left drive notor 18L outputs a drive torque

w th a direcsuppoandoemgnétude to cancel the rotational biasing force
applied to the left ball. screw 17 t i f ﬁgﬁ¥agﬁﬁm@§ﬂkthe .
| oad on 35 the I:%Jtm]glaaﬁl%’cr e%l &l?fgéﬁ(fgle%pp%%%up%@t eam A?l and t he
| oad on the &eft 324l |aser dvspBkeflr dm t biee | gheinisyppdr t theamight 4ndhy 2006
21 Simlarly cont C C ec ¥ t he operation based
on the corre%?%ge%%gguég%gﬁ%a%Q%a u% PZ%’ é%y}§ ed a.%Ve bef ore adj usting
the spaciing in tHeccaumstingly, dihecrhgnibedowcesi the dpper add 20 MaT the 5
| ouer cage 30,80, LNk ok | 8 dbhLe RO AR OLBHbSe Arfll e LYY due

with a direc and magni tu to cance the rotational biasing faorce
applied to tagualghto bahe mBayritudR eduseee byoere opf fidrenéefbetifddn t he

load on fheselght DALT SehPWAIR 140 (he HPPsh: SUBROT b dearr 4l clfdiand the |

| oad on the rig screw 1/R fromthe | ower support beam 42. |In other
wor ds, in thsugpabtebdank4élevator 100 according to the present

~enbodi mery, the captypdler 2 fapnipdiyi dial kyeconds@! dhetpperiaian of
the right and 15 left drive notorS 18R and 18L with very hi %h % ur.acy.
Accor di ngl y, Sepearihbramhdl daePonthiher + ¥iyht 1aneT F’EPPO%QI B¢ 7R and

17L is diffepghhbacausge RARIS Sfe thecaiesy uaayvemy, rightexail e, on
the left side of the cages 20 and 30, neither the r% ht:$or 20 the | eft
Bal | screws $REHnd AL Trem obhe ed ighta FEERt PUdr AR A% f EPENCEYH wei ght

between the gagpsr20pansl 20.

15 Thus, the left upper measuring unit 50L and the left
lower measuring unit 60L can correctly measure the
magnitude of the load on the left ball screw 17L from
the upper support beam 41, and the magnitude of the load
on the left ball screw 17L from the lower support beam

20 42, respectively.

| similarly, the right upper measuring unit 50R and

the right lower measuring unit 60R can correctly measure
the magnitude of the load on the right ball screw 17R
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 171 from the upper support beam 41

and the load on the left ball screw 17L from the lower
support beam 42.



a

(”4 according to

when a brake for stopping the rotation of the right and left ball screws
17R and 17L is released, and the spacing in the vertical duxpﬁyaooﬁbetmeen
t.he cages 20 25 and 30 can be adjusted whthout causing any inpacts or
vibrations in the cages 20 or 30. Next, sone nodifications of the

doubl e-deck el evator 100 of the pr esent enbodi mrent wll be described with
reference to Fi gsSimGiYar®By, 36héncohérabdee erfbodamenporrerslppentsivdport
beam 41, the_ upper r L if i n 53
for neasuring th pergggﬁg Eagg‘ﬁ]egée;: cglog%lcq g%%%%gf%hus}egg ?ﬁ%rqger to
measure the def dlersm:tm@ted i abdhe bef@r@aadduﬁéGMOrtW speciag r 1bf Hent and
back 35 elastl e p t wggen pp uppor b 41 and
t he upper sup %F?ggémQ£¥%é§}§q Bé@?ﬁgﬁ hand, hgﬁﬁgntgéﬁ%agp d%%%lgggaent
meter 4 May ROQ6r22age G@l,ngoatbeémtbﬁcrxl&é‘ltaﬁiﬁlﬁ’fer aod@rr KPR SUHBHS n the

left upper ngaagﬁk,fag fdldy e’ éh&;P@&'tIéﬁthB”m%Bﬁwﬂudb”t%' Gare Al SO,

t he out put signa rom-t sp acenent neter Is transmtted to the
control |l er 1©he|aomaﬁuqyakzbl&ﬁkﬂqef@rgﬁpéppﬁé$§uﬁ9ufbﬁlFlgbL|h?%#m
modi fi cat | ongshoyn ik Filefy byo chEOH; S back petwedl thbeekaste body
52 and | oad &6 éll are connect ed to each other in series,

ot her words, thﬁeyfl!;‘@tommapﬁcé?ﬁ?h bthefrom the WePEEc&UPAPFECOHH 4a"re

| nter pose(l b&ﬁéﬂfe%ﬂet he APRET BUPPET ¢nbegim #1lsapdut horR URBEr tspP@emr m
22L. Accordingly, the magnitude of the |oad on the upper support beam 41

from the upp&hPBappobPeatr A¥22L can be 15 neasured directly by the pair of
front and back |opd &elds §brakh agdi tiren, do®lel-astikc dLEvesob2 LEr®

Lnterposed bet ueen (e, Unper” sUbpor begm &4, 8N ¢ P, URRRE SRR

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 is released, and the
spacing in the vertical direction between the cages 207

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
rransducer 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




arm22L, and the ride quality can be inproved by 20 elastically supporting
the cages 20 and 30. A bolt 85 which is engaged with a nut 83vhizesh on the
- upper. support beam 41 and |ocked by a I ggk nut 84 is passed in a through
~hole 82a in a supporting plate 82 fitted to a |ower side of the upper
support arm 22L, and 25 prevents any excessive displacenment in the depth
and right-toil ektingi medidaonsswdh t he appemSwppdr tray ni22usedi il rid¥pect to
t he upper su t _beam 41. Anot her - deck e P Qf, t esent
i nvention wi fgg{)euﬁgg& F‘ﬁ?&uvrvil%l% ruel}qgcrteﬂyn@é ?lg Eﬁé @qugé%%%l%ﬁe éggol}g{ e- deck
el evator 200ishpwy.iB.Fig. 7, an upper support beam 45 to hoist and

support the uppe;A]C%age Zgé?]g&gug %gpﬁgls%}eﬁf%@?ws@r a{[cgeMtStméH&

support the uppe ons edas cantilev ~beans. 35 Upper
support & ns725iexteadsnijttedato Xehbapenteebber Bachiatwiegring the center of

t he upper cage 20.in pla ie st ver,Uppergends jof farare
menbers 21R 4 Nasl’éoog Zg'eéf\r?d %@%&t e%%%%ggfdlﬁet hémverti cal dilr ection at

four cornermodifihetiuppeshoayeiR0FiBur thertwoark ropfeendedank nietmidt 26 for

measuring  tbg.WeLghly ol (HEayPPes ca88 20okd |LURIPOSPL, bAUNEEN FHrd Lip
of the upper “stppor Beam nd the intersection of the upper s ort
arnms 25. Sincbankygtefower esgpperihel nkn 3seEkeendiRgOothean W—r%apig{) r oss

each othey ap Lhe.genternof Jiheyl ower qage RA-dikdl amiwiev aire, stad ched
over upper ends of frame 10 nmenbers 31R and 31L extending in tag vertical
direction ainteupossnretwseny hEhpoiRPRBgSUBBOrEurR$RTE, 4 | 8Rer suring

un'it 36 for ggg\g_?_lr Lugpbbe aygi gpf, of the lower cage 23 is interposed

;(b__"‘_e;t ween a tip “of the | ower sugport beam gg g%dt gellogtdero%ecéﬂé)nuofert he 15

l‘'ower “support ar mcggrdingly, the magnitu PP
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 suppdrt
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

(f? .25 prevents any excessive displacement in the depth and
right-to-left directions of the uppef 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 upper
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




Accordingly, the total weight of the upper cage 20 can be exclusively
nmeasur ed by one upper neasuring unit 26, and the total wei ghtapbodene | ower
cage 30 can. be exclusively measured by_gne | ower neasuring un|t 36, 20
respectively, and thus, the weight of t R upper cage 20 and the |ower cage
30 can be neasured correctly The controller 19 controls the operation
based on- thgngorzect laxtmaswedine ghé oferthedlppelireageod0 and fdire | ower
cage 30, as described mgﬁove bef or e agéusting 25 the spacing in the
vertical dir&eFRBhSbBfuERA FRBTppe?e clye 20 and the | ower cage 30, so

that the drive nof@fthdsS, odhpuipper dmea{SutDﬁguenw'ti hzé dioreahé s aindy

magni t ude cancel aot.ati onal_bi asing.force lied to the bal

screw 17 attEPBuW§BHE t(?ﬁ He i TR entR9F nZ Ret §htt ™ pﬁ&e\ﬁeg’ﬁ Spper
cage 20 and thpg bﬁm@hec®@©e30su@@@&tdb@@hy45laﬂdmthknﬂnmexkﬂn¢kdmnmﬁor
200, even mﬂﬁn a_brake_ for gﬁlng the rotation of the ball screw 17 is
rel eased wheh"&dfHBEf ng“PRE* pa Wg>Th the vertical direction between the
upper cage 20 amBiﬁﬁﬂéﬁﬂ?pmﬁoweageuﬁﬁorthermalBSS@méwnﬂlmmsﬂmnanxﬁfued by

t he differen e i n_weight bet p n the ge 30,
no i npacts of 9P8rSFF8%§ are céﬁ%% a# Eﬁ% Sggggg %tﬁélcéﬁﬁggggﬁﬁﬁ?so
when adj usti B UMB}spﬂtlmgewnathesbnaﬂuhad qﬂemcUPparbendeemﬂlﬁrmm@er

cage 20 dth I e-%F¥g% Hvat or
of the. ]gppr%sgg ?ﬁ?&ntlon 32H3A€%§g$|ca ons Eﬁereo g%t escfe%ed above

" in detail: neéedfess torsay$ plietheetewer ¢agendPon is not linted to the

-above enbodi nents var i i a dor
ﬁ)éanpl e, in the }B%ve e%bg%jlﬁéﬁ?ﬁg ﬁﬁS@E r;ag;ﬁiluﬁzigl%é bodres 52 uis%%qi n each

asuring unieight ofmpmesskalvemn cadre 2r iFcanterpesedosbyeehe andiight of
~each cage;  HoWURr 1WAy SHhRe HeBROSRA SR dthd Ot dlddi@bd od Nthe

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 .bgtween'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
différence in weight between the upper cage 20 and the

lower cage 30, no impacts or vibrations are caused in




vertical direction by the weight of each cage. As described above,
according to the double-deck 15 elevator of the present inuagh}@oos the

wei ght of the wupper and |ower cages capg,be measured with high accuracy by
hoi sting and supporting each cage. Accoréi ngly, the difference in weight
between the upper and |ower cages can be obtained with high accuracy, 20
and the operigid oragkst e sorev@Ghahendradjusting t Shasepaainad] Bt ithg t he
spacing in the vertjcal. direction th er a can be
control |l ed r?(ﬁ%tl%%i r %&FI%P?HJ%?%‘?%ME?%& diﬁﬁgggo Ct%egjprbg\ggén?&i %S%nti on,
the 25 operpdven edgé h#0screw shaft driving units can be controlled with

hi gh accuracy before adjusting t acj i o VehilyG@lordi & £Cth@n

bet ween t he uppe#ukaﬁggbgﬁﬂegﬁe(¥§mg§%0a%€?b£% %%g% %&%wgbréhlshaft driving
" units ouBputpweskhve tiorwpriwirt,h aadior ecmpdafapdt3ongagriheiret o &fcel the

rotational biasing for plie t.h halt sat;t richdt g @ t he

di fference i#@sﬁﬁggﬁﬁ gg ggeﬁhtggﬂ%gﬂér%gﬁﬁi oﬁirg%aaegf and ?ﬁL spaci ng

in the vertitaventiectiien fudt webnitéd Gopdhendbovewembedduentgn pait

adj usted wi t} up} L SPREL Sat B3n ST c ¥ Bs@thAans, i n the upper or
| ower cages.v%iaﬁﬁaglggﬁ%%{% 1-7A doubl e-deck el evator capahl e of
adj usting the spéefngxampiee dartihsal alpyecembAdbREREEN Gﬁﬁeﬁﬂéﬁ&lFbmer
-cages phyl dr?&'d?%sasga%%efdr ane ddbi ¥esLheahd YuARYabke ddRpIeEsegonpy i Sing:
~a screw'shaft rofatably supported by said cage frame and extending in the
vertical dirgkei onerbicet eitRAtiicr i Mdhg thei ¢ "PéRREOL af i P Fatew
shaft | n-theH&sa;%w 2Rdy" B4Or 3R U 8RIdQNSo aag0BbT BRI pulfied dentuhad | ing
[The operation of sald sCrew shaft drivin unl%;
T vertical direction by the weight of each cage.
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 vertica; direction

between the upper and lower cages can be controlled more

correctly.
Therefore, according to the present invention, the
(i} 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 lower cage, so that the screw shaft driving
units output a drive torque with a direction and
30 magnitude to cancel the rotational biésing 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.




an upper supporting nmenber which is engaged with an upper screw part of
said screw shaft and vertically novable by the rotation of 49ahgl2gw ew
shaft, and which hoists and supports 8aid upper cage via one upper hoist- '
and-support part disposed on an upper part of said upper cage; a |ower
supporting nmenber which is engaged wwth a |ower screw part threaded in a
direction dppogile to that of said upper screw part of said screw shaft

and vertigcally, noyable by the rotatjon of sajd screw shaft, . and i ch
hoi st s andeUpp%rt O‘g%f%'%{% r %g% a%/?lé oﬁ%pg#gﬁeroﬁoi g J&ﬁa-lélﬁpp&yté part
di sposed ofpadinpper paet vefrtisaild dioweit icAgGe tiedtpPedpSBaASHEI NGwi t

whi ch neasures a | oad on said upper supporting nmenber from said upper
hoi st - and-S@Hpdr Proyared £r & 1w FEa86r i Yy ani e Shl hea®evé®ls | oad

on said | sup +\g; feenber from said | ower hoi st-and-support part,
wher ein salﬁ%%(g:eon't réc}ﬁ%ers control the operation of said screw shaft driving
unit based on téestoad shhbe robediebdy urgeintarpper sebducagg dmemeand t he

| oad val ue bt ai ned, from sai d | ower asuring unit before adjusting 26 4
May 2006 t%gs?)%ﬁrh % Jtrhet%r‘f‘?%grc%fr SOn Bt ween sai d upper cage and
said | ower cage;seckbat saift sarewifgafdnidr i ¥6A0 rowiti ngUt PaHS Icdelve

torque wth a direction and nmagnitude for canceling the rotational biasing
force appl§eaf% olsdite SorErdHTd YFIutBHE e He difference in wei ght

bet ween sai d Upa(’%o%@@%%?. sl d LOWRL-§898y Lhdt dpuble;dack, £l %‘ér%or

according to claim erein said upper asuring unit and sai ower
“measuri ng sowdéw stonfr i del el turc trodi es | nt er posed between sai d upper
supporting nmenber and sai d upper. hoi st-and-support part apnd bet ween sai d
Cower suppor t i rEHBRF  SREPEETd Eodlber WALER 15" Engaged with "an

upper screw part of said screw shaft and vertically
movable 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 sald screw shaft and
vertically movable 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 said
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
‘said screw shaft driving unit based on the load value

obtained by said upper measuring unit and the load value

obtained from said lower measuring unit before adjusting



hoi st - and- support part, and sensors for neasuring the respective
deformations in the vertical direction of said elastic bodi4eday 2006 wherein
said controllers calculate said | oad vdPues based on the el astic constant
of said elastic bodies and the deformations obtained fromsaid sensors,
respectively. 3. A double-deck elevator according to claim1l, wherein said
upper neasE%?n@péﬁFPgaﬁdls%?% VeWEL CApastimas iom theafeen ogdlideupper

i nt er posed ks I ord | ai pey. . s
noi ot - and- Staport Ipartd dRRRE MIERNdd My Crart  A0geh e M tving: cai
| ower hoi strandeuspppsré gdaitve dorfudoulitb- decdk relevianomnac cantiingdeo Cl ai m
3,wherein _said | oad, cel are _djisposed iin series with el astic bodies

bet ween saf @t uppe gﬁh%%o#ﬁ?nﬁoﬁﬁhﬁgPagn81§§?8gu§BEFeh8PE§}egnﬁpsﬁﬁﬂgrt

part, and bet¥gensisai® | OWeriSuRRord i it MeiRer qiatd s} | aWer yeight

hoi st - and-support part. 5. A doubl e-deck el evator capable of adjusting the
27 4 May 2P0bvepaciabd i tPRe ¢9¢iad W Ieckiwrt bedd®en an upper cage and
a |l ower cage which are provided on said cage frame in a vertically novable
manner, conprising: right and |l eft screw shafts rotatably supported on

right and Reft Aidesbbé-dackl edgeatvamacanddértend ngadim I hevheerdircal

~direction, respectively; right and.|eft screw shaft driving units for
rotating §§?§ P é#fﬁQ§an%cPBthﬁ%qs?q%gtﬂgw?ﬁrﬁﬁﬁﬁ Ad9 rH¥idr se

di rectionscongspset | Bl 3% i €OMJRldLr 8 nk@irplRdigvi dUalb¥nCcogi1 @l Ligiekt he
operation of said right and left screw shaft driving units; an upper
suppor t i ngSHRRPEEInghgRbext endb $ald heppek ghoistdansitsugipoadt iRt tabove

sal d UpPer 1 fA08etlln Sa fI2GFE: Wl pURREh S HABRA L5 Oka3 d it and

hoist-and-support part, and sensors for measuring the
respective deformations in the vertical direction of said
elastic bodies, and

wherein said controllers calculate said load values

based on the elastic constant of said elastic bodies and

the deformations obtained from said sensors,
respectively.
3. A double-deck elevator according to claim 1, 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.

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

5. A double-deck elevator capable of adjusting the




screw shafts and vertically novabl e by said screw shafts; a | ower
supporting menber, which extends in the right-and-left direqithppompove
said |l ower cage, and is engaged with Eéwer screw parts which are threaded
ina direction opposite to that of said upper screw parts of said right
and left screw shafts and vertically novable by said screw shafts; right
and | eft uppefingi sm aritk suppbicapadisedtiiion ketrelspasedppert eage ght and
| eft sides_of an.upper part .of. said upper. cage in the vicinity of. said
right and Fort= 48Vew SRAFt 4Ni5RAargXBe \Heth Saith UhseiSs i i Hb

- menber respeckirvebyllg horablandastppprtodpr dsupger cage; right and |eft

| ower hoi st-and-support parts which are disposed on the right and |eft

si des of an uppek9ipar fndoflell; dSFEREr Tadd S ntehRtIPLY niStPrertesdi Pi ght

and left - seppw shaf iseand gnoagedsyd dhogghd shoper o3 p%qerttééﬁg er
respectively"to hoist and support said | ower cage; right an é% upper

measuri ng bhet gefbicadasiurengian, | paspappivetyt o sai d upper supporting
menber from said, 28 4 May. 2006 right .and | eft upper hoi st-and-s ort
barts: and i ot dhe TR Fonr HER TRy Tt v i ote T e S
applied tossatd toyet sdpontirig sepber dhpmsaiich theht rapdalef tadower

hoi st - and- support parts, wherein said controllers control the operation of
said left §€V%ﬁﬁ§h§¥¥eaﬁﬁ99ﬁg IPPPePREEdL BN the | oad val ue obtained from

said Teft uppercomasylifgs uni koand LhE; 0adarial ue Qltdidiad Ay omaad d et

| ower measuring unit before adjusting the spacing in the vertica
direction beewvethonsadfl weper cagbtamindailkfitowercreagesboafthadrivihg ve
t or que mﬁth.gadirection and magni tude for cancelling the rotational

bi asi ng forte 8pplied to said | eft screw shaft attributable to the

di fference between Jdied oadppeRliag tRenisérd upPRin SURRehHsNgiAENes from
sai d upper hoist-and- support part and the | oad applied to said | ower
Supportingright—and—left direction above said upper cage, and is
engaged with upper screw parts of said right and left
screw shafts and vertically movable 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 movable
by said screw shafts;
right and left upper hoist-and-support parts which
are disposed 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 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




menber fromsaid | eft | ower hoist-and-support part, and wherein said
controllers control the operation of said right screw shaft4 X 200@ unit
based on the |load value obtained fromz8aid right upper neasuring unit and
the | oad val ue obtained fromsaid right | ower neasuring unit before
adjusting the spacing in the vertical direction between said upper cage
and said | owghtcage 3eftt hppea Hpive-todgeeppbth padtsecéndn and nagnit ude

for ~cancelling_the rotational .biasing force applied to said right screw
shaft attribut ableitoaPRe 1GEFT dP8fide BAKATT THE § Do RapT T84 169 s d
upper suppobkidntagEmel tbomsiai diowpRersliictriangd- auppert Mamt anddqt he

l-oad applied to said_ | ower supgo[ting menber fromsaid right |ower
hoi st - and- *3@ppophdpaeft sowardbabré-dBeksePeoatoPatt8ording to C ai m 5,

wherein said 1ight.and |84y URRGE MRASUL NOOHPLLS AND SRl gpd Teft

| ower measuring units conprise elastic bodies Interpos ween said
upper suppertidngeZ8asérbysR866 dembéngandisabdseidgbt ahd [Lebhtl wppee

hoi st - and-s ort arts, and _between said | ower supportin nber and said
fight and PEPCINGHer IRBI SA1end-Shp pHRS paPTas UERte ssor 8901 bRend8&8r i ng
the respecth¥8edebeaiBEHORS o d)) ISt CBbwe Hi 1885 PN ufdt dpelrasti ¢

- bodi es, and wherein said controllers calculate said | oad values based on
the el asti@dgBpsiaft tdfe sapactrastinc Bl gsraigalt bl xretoramt Pelkyesbt ai ned

f: id : tivel ¥. . 4. - deck tQc. ' t
Qaim s, whrs aopgh G0F RHd Kaifppvls BabenEE e Ral 2 AE0T000L0E [P opy
and left |eieh nmeasuiirertint s ane | oadndebbs | Micar posadce betnegentirai d

R I I R e S B T R
Iaoglie:n g?ma}:gggm@g@p@rﬁop@ﬁéseu@feéeﬁegbb@ta@éﬁ ghevabgh app2idingot o
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, 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 wvalue obtained from said right lower measuring
unit Dbefore adjusting the spacing in the vertical
direction between said upper cage and said lower cage so
that a drive torque with a direction and magnitude for
cancelling 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.

6. A double-deck elevator according to
Claim 5, wherein said right and left upper measuring units
and said right and left lower measuring units comprise

elastic bodies interposed between said upper supporting




said load cells are disposed in series with elastic bodies between said
upper supporting member and said right and left upper hoi st4mag2esmport
parts, and between said | ower supportidfp menber and said right and |eft

| ower hoi st-and- support parts. 9. A double-deck el evator according to
Claim2 or 6, wherein said controllers adjust the spacing in the vertical
direction Berheenasdi daiuppeigbhgendndeshi drpenenolishgentasepport t he

deformati o t % ion_ of said.elastic bodies obtained
from sai d Dars8r o2 BRHERh bl fEl ot R meti R el T et ed
doubl e deckighevahdr1¢100)owbi-Choigdbesnfiofuspose payts PaCH Ss@isytdrations
on each ca?8 when adj usting the sgacin in a vertical direction between

upper and Re?eéﬁﬁﬁéngLB%%sr%ﬁp%ﬂ tppercEappattonpelin t2a)veFolrakft and

right suppaue@w@n(gf-’LsazaRélégflch@&éiégg &R supporting the upper cage
(20) are neasured by left and right upper neasuring units (50L, 50R).

Simlarly, |oadshepeln| saed supporal lsemm ¢akyuiaom lsefid loatb rivghtiesupport

arms (32L, r |st and orting the | ower .cage (30) ar
measur ed b?/ggg%it 091 % ]Ih%] ?Oﬂ"ég%ﬁ%i 85 L?r?ﬁ%s e(%fﬁf‘,l% (.Sl%‘)écﬁﬂ‘ge t he
magni t ude blﬁetdaefdmasisl@nstdaletiaeﬁédaﬁﬂlomig@id se&eye 8HAf tSspddifive IYR) can

be obtained correctly, any inpacts or vibrations caused on each cage (20,
30) can be prevented when adjusting the spacing in the vertical direction

by correctly cprﬁs@éiér@eémeeﬂéw@of U Luer PHIPUL, faomd &f U yind i ght
drive notors (18L, 18R). Fig.
salid right and left upper measuring units and said right

and left lower measuring units are load cells interposed
between said upper supporting member and said right and
left upper hoist-and-support parts, and between said lower
supporting member and said right and left lower hoist-and-

support parts.

8. A double-deck elevator according to Claim 7,wherein
sald load cells are disposed in series with elastic bodies
between said upper supporting member and said right and

left upper hoist-and-support parts, and between said lower

supporting member and said right and left lower hoist-and-

support parts.

'9. A double-deck elevator accorxrding to Claim 2 oxr 6,
wherein said controllers adjust the spacing in the
vertical direction between said upper cage and said lower
cage based on the deformations in the vertical direction

of said elastic bodies obtained from said sensors.






