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rection between the upper and lower cages. The load exerted on an upper
suppori beam (41) from left and right support arms (22L, 22R) suspend-
ingly supporting an upper cage (20) is measured by left and right upper
measurement means (501, 50R). Similarly, the load exerted on a lower
support beam (42) from left and right support arms (32L, 32R) suspend-
ingly supporting a lower cage (30) is measured by left and right Jower
measurement means (601, 60R). Because the magnitude of the load ex-
erted on left and right screw shafts (171, 17R) can be known accurately
by the measurement, the drive torque outputted by left and a right drive
motors (18L, 18R} are controlled precisely so that shock and vibration
are prevented from being produced in each of the cages (20, 30) during
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3
DOUBLE- DECK ELEVATOR 5 1. Field of the Invention 4 May 2006 The present
#nvention relates to a doubl e-deck elevator capable of adj ustango@ spaci ng
imnthe vertical = direction between upper 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 Recently,
doubl e- deck -el evat ors havi ng uppssuming- pEdx [Fawemeages whi ch respectively
arrive on two floors, .upper and |lower floors, of a building in order to
i ncrease the elevator handling capacity in the vertical direction in
hi gh-rise buildings have attracted attention. 20 In many recent super
hi gh-ri se bU|Id|n s, .the design is inproved by providing an open-ceiling
entrance Iall2 i8beyosnthef In¥EDEighr | where height fromthe first

floor to the cei I i Tige | SpB@teh® benkangesnt hasihas bst weendohbes-ddoers.
25 A doubl e-deck el evat or ca abl e of- chapging the  spacing.in the vertical

direction bet GeEX2tBpeaRRPL eldWEragéﬁ%El%%cﬁrépﬁﬁlFH tife Q%%CY%@ 352% he

- vertical di ra@t:e@mbﬁt weekwel@or sifias begm priepesed.cdpss exadmi e, mdre a
convent i onal doubl Eiyelev

tor own in nd | ower
~ cages 3 and 458?81 tedl% éwqqscam%/ r?ovég?‘go]n%n‘?}%‘? bye LB f r ane
2 which i1 hompedvbga a&dmbB riope adiusdr tiies , sbhghhganthn | el sesemidiafts

5L and -5R extendi | . direct] tatahly .35 ted
by right ana PErEcbeptl atihatieteBaitng S5y et ubPng tHR 258 [V 2

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 h01sted 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




Drivie notors 6R and 6L for rotating the right and 4 May 2006 2 left screw
shafts 5L and 5R in the forward and reverse directions are 4vapes@ on an
upper beam 2c constituting the cage fra 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 left screw shafts 5L and 5R 1In
addi tion, a derfaw suteBasbhfassdppaontd fsRNens8 the Buppord #héd kewerseage 4

~is engaged on oanvver scre rt,5h of t g ng I .shafts
5L and 5R 1 tt}poﬁlesr %t ew ﬁgrﬁe a&an ﬁﬁp%%é%a@cggw%ég?ggﬁﬁgg t he
right and | eftheseragwe dhaftes 5L and 5R are threaded in the directions

opposite to each ghh%rd ?(_}L%%I’dl n@é&‘ ! ﬁﬁttﬂe fggt ﬁgﬁgﬁtgf E-sgley phafts

5L and 5R are driven an reépectlv ate t forward direction
by using $he supghtrtarithe efipperi vegaotors GRIaﬂdECBLon’Mealspappﬁg BAreHe

vertical di r%%h (r%ahl?)eft jesseih rt%flet“n% 1%@.4 's%‘é‘%gj» %%%%%s sindpd gan be

reduced. hand, t screw shafts SL and 5R
are respectively dni aedidd®m,oteatsstt&m HIED feheo Hi 2 e8UPRAST OfpeBet & £8 each

~other, the Sgﬁﬁ%gﬁﬂ%nthéhfo%gEt%%%% qufgtbﬁ @H“Qﬁﬂ: he uphRetr apdel,over

cages 3 and e I ncreased e conv 1onal doubl e-deck el evator 1
shown in Fi gard, Skhef tihe spadith@rich ke @@Irtelwca“elha(ﬁtrseétli gad 28-bet ween

the uppejgand | ower,Cages 3 A ;ﬁa?rﬂﬁ%a b&t@@tﬁél yét:@ﬂ sl%é%e agtesgppl i ed
respectlvely SO that the right and |eft screw sh and are not

rotated, an®f hd&hspadilegti napbe Veffi cacrews e’t}ﬁ%‘%ﬁ be'ftlweéwq héR upp&r and
lower cages 3 pndhdhd Sidath&haingadi 3 AppRisditRglts aen cadjedst i ng the

spacing in the vertical direction between_the upper and | owe es_3
p J Accordingly, when the right andp&eft screw s%a%%g gL

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




and“ 4, the brakes applied to the right and left screw shafts SL and 5R
.respectively, are released so that the right and left screyghabds SL and
S5R can be freely 35 rotated. |If the numper of passengers riding in the '
| ower cage 4 is larger than the nunber of passengers riding in the 3 upper
cage 3 4 May 2006 the | ower cage 4 becones heavier than the upper cage 3.
Thus, the biaspag tagee ¥eduia etbwar rorae edt hecemght he&ﬁéel‘feftthaé’crtg\ﬁ shafts
5L and 5R in_the reverse direction 5 to nove the weight of the | ower cage
4 becones Ia?%%?rt ﬁgﬁetﬁé bi asing force required to rotate the right and

| eft screw shaft sTbs anth&Riasite forerriediierdiloh 19 athvidd HeWET ght of
t he upper cage,3. eref. . 0 & br appldesk titderickOd right
and left scr Wls%gﬁ&s S%E%ﬁghgﬁt%r gﬂ're gat?\&jblsrgkgge‘ to_ adj ust the spacing
in the vertital mtivecthenwieduhberpt t Boecd@uers Gafe 44 th%}oF“ie&ht ¥ eft

screw shaft n 5 t [ §rest roRstePROS e each

ot her, irrpag gga% ev:-%%sﬁﬂoggsﬁa% cg%%‘ggr_% t he cages 3 and 4?}11;_15 and the
passengers i hefhe scupes shafifd Hlexpedi eRcdn S e%%rg‘ﬁffr‘ijescg‘r% iTyly, a
.t echnol ogy hﬁévgeglﬁ pmggﬁgdo'fntﬁlgiﬁgpegocgggagts or vibrations are caused
In the cages and 4 'even when the '

_ rakes app]ole to tl}hp:l'ri htt anghéeft'
screw 20 shafts 5ThandfeRear @5 eFE8BeERhéMCadPugcfig & Jseﬁgci fg “inh the
vertical, g r%ﬁgmna@ﬁivxeeeﬂt the £AGS 3 AL 4rhy 5R especté Vedsedrems ias ng t he
wei ght .o]f the cages 3 and 4, and performng control so tthlaotnab hy&, torque
with a magniteuddiamt diRrRcPPRfiRGcoPdithG (BT f4erEnee l n wei ght

bet ween the ¢agesa3aN®d 4l QUITHE ripradvardeldft screw shaft SR and
(T 5L are rotated in the directions opposite to each other,
) impacts and vibrations are caused in the cages 3 and 4,
15 and the passengers 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 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

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




center pd<itiGRtEF PR FiFor

‘the total>d®sBF atRmeift?s
the di sploacerenieith dille o¥ethe calgadiy @6t LangatwHine €rat &fsglesielnean of a

the drive notors 6R and 6L. However, in such a conventional technol ogy,
vi bration isolating rubber nenbers for elastically supportisapadyl2eoe€ages 3
and 4 with respect to the support 30 frames 7 and 8 are di sposed at four
corners below the <cages 3 and 4, and the displacenent in the verti cal
direction at the center position. of a floor of each cage is neasured by
correspondi ng sensors so as to measur® the di spl acenent in the vertica
di recti orri@bort B&€ @agRScadd® Svedlithed Wrbh kaspestnidx thiel stRpaitaskiames 7 and
8. The wei ght of the cages 3 and 4 is calcul ated based on the displacenent
in the vé&itTEart of r&&t FORr i The S VP 2E68PAT F9B65F50f each cage obt ai ned
from each senswiveasd, t bre ebaspi£cercmistiant tif +dveidabr atiireatisol ati ng
rubber nenbers. However, thﬁggiﬁpla enment in ghe vertical direction at the
o He' 04GeS 3 tafid “A98des 2ROt ‘alRaSs
necessar idog i adivepd e rddresdbspl @canenicaks the Vﬁbbﬂﬁééméﬂﬁeqkﬂomh@r t he )
cages 3 and 4 correctly. Fo xanpl e, when passengers enter unevenly on the
| ef t si&?rSPC?ﬁé£€§§§¥§? ?%égﬁigggﬁﬁe FnCeHESHeRti cal direction on
the left side ek thampage whdis pavgagehs| entdie Ghispnageddntchel Nettbe
vertical direction on th% right side of the cage 3 is, éﬁm%if I n addition,
't HBS VTR IEEEmelE r Bt i6n VEF LRt HgESTt3°and 4 and

cage floaqr be different fromeach other according to the position of
Feinf or citflg HEMBEFS: GO TCGERAG PRotRagE Ttoor CPSOMRRY CRITHE FRVENTI ON
Enbodi mesma1of the present invention may provide a double-deck el evator

uhi oh sol ves e prohliens i1y the above,, Sqnventional, teghnol9gy, pnd causes

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




in cages when adjusting the spacing in the vertical direction between
upper and | ower cages by correctly controlling the operationval 2006 ew
shaft driving units based on accurate neasurenent of the weight of the
upper and | ower cages. According to a first aspect of the present
invention, there is provided a doubl e-deck el evator capabl e of adjusting
the spacing in the vertical direct!oﬁabetmeen upper and |ower cages

provi ded QRpar EAGE demBE® WRiéh QY tengabby wRvARKe uBBBREScrewC YAREI §ENY: A
screw shaft rotatablg supported by sald cage frane and extending in the
verticaISdFFeéFFSH;s a§EréstH§FFlca}?Wiﬁﬁviﬁﬁ% Por thet &PLAG YA B screw
shaft inskhe fserwargnamd, Levensecli MReELINSNJA wPRbEL | 8Ri&OKpgeAt rol ling
the operation  of said screw shaft driving unit; an upper 4 May 2006 4a
suppor t i 5§9fefberoRthiRer s hehyafed *PPRCEh Rige 1 8RPESH (P4 2P0 PPERI d screw
shaft angaver bircalliy mpyabl eaby; t he 16REAt EOFpQftingain@nberewhsbaf ts and

whi ch hoi sts and suRports sai d upper cage via one upper hoi st-and-support
part di sFag8EEDdNn "Aituphert OWBar tS U s aPRt uppereadtd: & | 3wt I§GHPeR t i ng
menber WRbebsite ®©Ngagedow thia hower SGkaWppattot hseaded der a8nde¥ ection
opposite tq that of said upper screw part of said screw shaft_ and

verti cal BPano¢abler by tMyatdeatiYorthsf fadisRr &f SRaflt SCrsKHd SRAfEN hoi sts
and suppents waatl heyets Cage ¥ihghdte |sewer 1ohekstaghdvsuppaet 1past di sposed
on an upper part of said | ower_, cage; an upper neasurugg uni t _which

measur es PAL P bR GITUBRPHT RAYPerISERPST t ThG hewBEF PRbim Saisdidpperer

hoi st - andageppent uppaF t nedfldk-idgl QML RBASHI hBgstrdd Whiehqa neasyses a | oad
on said | ower supporting nmenmber from said | ower hoi st-and-support part,
wher ei n $BPE cHEPOEF &S CWHPLSI HE opérdt i WSt Saitt G ewPBARFt dri vi ng

unit basedron 4e d Qade¥ahsies 0hal RBUE byni $AndabPPes dreasidr bAgssat and the
| oad val ue obtained from said |ower neasuring unit before adjusting the

spaci ng tA"Ehe SUPBPEFERY AISOETi ofr Bt Réef sHIETuppetstzs-aHBPR%  d | ower

cage 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.




so that said screw shaft driving unit outputs a drive torque wth a
direction and magnitude for canceling the rotational biasi ngn.9megsapplied
to said screw shaft attributable to the difference in weight bétween said
upper cage and said | ower cage. 4 May 2006 5 The upper supporting nenber
and the | ower supporting nenber may be constituted for cantil ever beans
with each base end thereof supporteo6 by the screw shaft. The upper
supporting menbkee RRYeROI SippaRdisyPREehbet NANAURRRY LAGS Vid i@ idpper

hoi st - and- support part di sposed on an upper part of the upper cage,

pref er abPf™Paf BA¥ PR efottithEed upper cdritl eVREr BBRMS dRid-Tt 1IF8Po&aS8n t he
upper suppar thégoMBNBEErf&L Mt Ree UPPRty RALSE; and- support part may be
measured by the upper nmeasuring unit. 4 May 2006 6 The | ower supporting
menber may hoi'$f ARFESupPEPPIEHE | BREYSaBRY viPaldhe 2PBWEMPROT St LRd- support
part di spesed eiganyiaupper uppét 1fistthanbonwaipGadearpr &f sfaklyy onakna center
of the upper 1g)art thereof, and the | oad on the | ower supportin menber
fromtheuggﬁér foF st ahle SERRSGT 1€398r t Prafe P eadtr €d CoBfreEnet| Sher

measuri ngpybit paAtcorimglry, dhie tpéaliowai g ehet hppdppesuzageiagnd the
total weight of the |ower cage nmay be exclusively neasured by one upper
hoi st - and~€Bpphof FoPatte aRPOone ke~ Aot SRS Td-PaTpFEYt BfamEaspEedect i vel vy,
and the wei ghé Wpdrhaeuppeingcager. and the | ower cage may be neasured
correctly. The controller may control the operation of the screw shaft
driving units based on the weight of the upper and | ower cages neasured
adjusting the spacing in the vertical direction between the upper cage and
the | ower cage so that the screw shaft driving units output a drive torque
with a direction and :




magni tude for canceling the rotational biasing force applied to the screw
shaft attributable to the difference in weight between the 4ipagrogage and
the | ower cage. Therefore, in the doubl e-deck el evator according to the
enbodi ments of the present invention, the screw shaft is not rotated
attributable to the difference in weight between the upper cage and the

| oner cage even when a brake to stop thé rotation of the screw shaft is

rel eased whentadj UskiRg siBorSPAFT REMbdY t Ry VEEIicahndi keghbon between the
upper cage and the |ower cage, and any inpacts or vibrations are not

. d any !
caused RAYBACFAEAJEaWRER ARWStHE LCRBISHIRAME PATE H&LSROSEACER 28 recti on

bet ween LBBeHPPEFt CaPer@N diRe QW eag8earfMIGOr ditNG tRnaesesendnhaspect of
the present invention, there is ErOVIded a doubl e-deck el evator capabl e of

adj ust i ngPPEhe BSFAci MFHeA LY hedifer PR allodlr et i 6R® bdtWBEN SHPPIFPHErd cage.

and a | owehbeAgerdi € al &vdi O ideda08-S@bghraagr rkr bR Fea¥@bbdcal ly
novabl e manner, conprising: right and left screw shafts rotatably

suppor t eBYoh!? | (e raRE2F &% u8es- of said cage frame and extending in the

vertical direatbordifyIVMY t280€o¥a1T Rep@at i yeldhe nipdht aBdel 8héi sgeew shaft
driving units for rotating_said right and left_screw shafts in the forward
and revEPER! VPt Gifs thredpBRY | YRS Mo SEFARSITRNY MF@SYFradaPY y

control | bRg tlppeaperstdanat ssgbdhd | ght+ anghd ebhe Sabawrshafitst-gdrdvi ng
uni ts; -an upper supporting nenber, ich extends in the right-and-Ieft
di recti of'Bbove Bitd UpFsercERYRLY rartPd sth%eitfdgdd Wit FhEpHEPCScFe%f parts of

sai d ri ghhaank 1Rk rSes e nashakt Seandcveebisatiyy .mvabl e by said screw
shafts; a | ower supgortlng menber, which extends in the right-and-Ieft

di recti on aboVB®s&PHIFOWEHT cBYe, CAMFdls ERfyagRerafiitoR |Vwelle seFESY part s

whi ch ar ghk bt e@died nignuai € NREI0BnOBPRE S ByHtO othahe @fpesaiadauppRér SCrew
parts of said right and | eft screw shafts and vertically novable by said
screw shipges W?%ﬂﬂ?egnadJ%ﬁang 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 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,




upper hoi st-and-support parts which are disposed on the right and |eft
sides of an upper part of said upper cage in the vicinity ofMapReog i ght
and left screw shafts, and engaged with said upper supporting nenber
respectively to hoist and support said upper cage; right and left |ower
hoi st -and-support parts which are disposed on the right and |eft sides of
an upper part of said | ower cage in"he vici nity of said right and | eft

screw shattsectaRd19n0agedt Wiahly Spdd | swves, ssippar t aRgy IRNbet: td espect i vel y
to hoi st and support said | ower cage; right and |eft upper nmeasuring units
for meastfthig ™ 15dad &paPFedntoleShi a-iRyhet aigpdrt ithg remBatd f#¥m said

right andet@®fde URPeELiHRd StrapdrsuppOFl RAfdrs118R¢ FdOhin@ardaheitly | over
measuring units for measuring a | oa irafgpl ied to said | ower supporting

nmember f FORTAiADH GhE SRETREFI | Vet irsjtg-hénd’-né{uﬁﬁéh SE&?‘t’s?ha%er ein
sai d conffodd gy suciant:r aln tirapesaldanial sahdet ef hthigcr exeshaf tidri vi ng
unit based on_the | oad val ue obtained from said | eft upper nmeasuring unit

and the FBadTdgrtierwshilsthefirerbhrR arBOVef S2LOWSPPREaASEEENg 20 t1hef or e

adj usti ngngdeed wRACI RPN dhewvertisabrdiseegt ir9gnbetneenesai dcxpper cage
and said |lower cage sg that a drjve torque with a direction and magnitude
for cancdM?fiiy M YUtEPIAYE "BV aRIfIgPY oFRtd appFFedsPa - ¥aidl F99%° screw

shaft at bappudrabbe wembbe, di hesencexterdvy 2006 ti betgMeeantihes£0ad
applied to said upper supporting nenber from  said upper hai st-and-support
part andtHRFYGRd APPFi it UEF T er Fthpbt t PRPAHEhDEI LR r ORI d | ef t

| ower hokstedHdr$UPPRRIdh £V tthraBdedhel & Riisakdi SONgIslieeste0mdtol the
operation_of  said right screw shaft driving unit based on the | oad val ue

obt ai ned®f r Y& HRPFi GRECTI PRIt Sméds FRtAg TaATE 2ith 4atd 1°638Y SRR Y obt ai ned
from sai gnd i gbttiQuey MRasHIENgyURatdbeteee sAEFust | AgyHtheaspatdmg in the
vertical direction between said upper cage and said | ower cage so that a

drive t oPRRRF VI Faandi $WBOrEn PARES nilyhtlt LK rBrePeaRdePti R t 9ot at i onal

biasing 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 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




force applied to said right screw shaft attributable to the difference
between the | oad applied to said upper supporting nenber froriagangs upper
hoi st - and- support part and the load applied to said |ower supporting
menber fromsaid right |ower hoist-and-support part. 4 May 2006 8 The
upper supporting nenber and the | ower supporting nenber may be constituted
for cantil ever beans supported by t hd right and | eft screw shafts. The
upper suppefdédémnocienhken FpYy1hed Sto aswh s uppeit stpforUpRemeEdge ¥ramt he upper
hoi st - and- support parts disposed on right and |left sides of the upper part
of the upper . oAt EHE IHHRREr tshphortichd renBer MR 1t & SAH support
the | owellow6AgfupHoatihg WPReIr Naickt sand- sePPardweRahbss i SRBSRPPOAL t he

right and | eft sides of the upper part of the | ower cage. In this

condi t i oR2Tthe?Pf gHPeaM, | &4 uﬁ?)%ﬁpr%eﬁs-éﬁ&?r%pﬁa?t BSFEE Hay°be

di sposedshidt hegwt ckdtidw sdaftheirivghty andt baktdsenewnshabhg, vaespectively,
and the nagnjtude_of the |oad on the upper supporting nenber fromthe |eft
upper hoPEEeHHE St¥poPtiPartINay Bec4 F%ﬁ‘@pgmjstub%‘f%nw%l F92%qual to
t he magnivthuge ebtihesd oagoonsthe Irehht Sewew sRattrix@muhbe uvppere

supporti n%,rren,ber, and the magnitude of the | oad aon the ugger supporting
menber fFOMITHEY rightSRTSPEF R8I SPalfGr Stppor Tt Oy b8 stibSRHhti al | y
equal tﬁppditenbchietﬂdﬂ%lanil ubaeir:]oaglg@ﬂsd hﬁldeltlefdf &larv@WtsEqﬁé Mﬂ?c{ he upper
supporting nmenber. Simlar the right an eft | ower, hoi st -and-support
bar s ma THC oG GeBd TR REIS ] £ TN LG FROREOMAId et DIati By Shat s,
respecti ¥etye afshidie t@gsididel gft tdhadwoathan dHtheibovaslsuppotid ng nmenber
fromthe | %%rlomer hoi st-agd- sugport part may be substanti al I}/ equal to
t he nagnﬁfg e between the load applied to $aid 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.




the load on the left screw shaft fromthe | ower supporting nenber, and the
magni tude of the load on the | ower supporting nenber from thefafi2obg | ower
hoi st - and- support part may be substantially equal to the magnitude of the
| oad on the right screw shaft fromthe | ower supporting menber.
Accordingly, the left upper neasuring unit and the left |ower neasuring
unit may correctly neasure the magnit%de of the load on the left screw
shaft from t hendppesipe3Upp@iid it ngMeiieer agild t keeMaghietudeufortcthagl oad on
the left screw shaft fromthe | ower su I|§)o_rting menber . Sim'larlwé, t he
right upP&FRBadayi R§ IPETahdtehet oy gﬁg YT heasdr isvgPanted nlty
correct| ynheeasgue dnide 16agnidede sahredhe 1 oad on the right screw shaft from
t he upper supp?lrti n menber, and the magni tude of the | oad on the right
screw shaft frEmYERETI GREPCSLPYSr EFRYE eliBer 2o¥Re @Bft POPPRFS ME§ control
the operappen ehgtéheihethe gppew nhidd-a-vipgotni fadrased spasthechoad val ue
correctly, neasured as descri hed above before adjusting the spacing in the
vertical TaPPectOn Bt B8RSt RE ERDeTPREYP3ENd °th h?o\}\%‘ger &4gE ' s8that the
| eft screweshalibrdsugpdge ity tmepUGIVA I iiste.and Ghugperw thea 1diveecti on and
magni t ude for Qanc%n the rotational biasi ng force aé)ﬁr)lied to the left
screw sh&ff® at'fri abPRET oP O HE GPEr FRARE hBE RNt R IGAC N Hihe | ef t
Sﬁre}lv fshaﬁgh{raxm g.e:cfhy]:sﬂ@&ﬁ or]fOtllaéh@pptrxp@rarsuppOtfrtd ggwﬂﬁﬂ&)@g .iandl t he Ihoad on
the left screw shaft fromthe | ower supporting menber. Similarly, the
control lers maj &oncr c?lon(f)jhEl%rber%H? o’ﬁl‘ﬂ&o FHe ??Ehtu%%erre\%qslﬁé:t’?ngfi vi ng
ugi t bf'isedpﬁdﬂrﬁ f}fbﬂtgadlayabélﬁdi@Uslé.ﬁCﬁiaytém&SiLt@’ieﬁt%Soﬂe&%iﬂﬁ@dtabﬁ&le bef or eOI
adj ustin e spacing in the vertical direction betwen t upper, cage an
t he Iomege%‘ég%‘:%‘%’ tsrﬁgtﬁher??%ﬁﬁtlé’éiéw %‘Téfﬁ%edﬂa\?flhbu Rl tggf“é a drive
t or que WohhtBedupgst | QUppaind i AgoNédnele fram the left upper hoist-and-
support part may be




canceling the rotational biasing force applied to the right screw shaft
attributable to the difference between the load on the ri ght Megnews shaf t
fromthe upper supporting nenber and the 1oad on the right screw shaft
fromthe | ower supporting nenber. Accordingly, in the doubl e-deck el evator
according to the enbodinents of the present invention, for exanple, even
when passengers enter unevenly on t | eft side of each cage, any one of

the rightugagadefdl19Cenashabt sné SmAQLi fRiealdd trat ibhRubabkget 9ckhe

difference in weight between the upper cage and the |ower cage when a
brake toS§EeP t AT ot £PBn &R t RRPREr sWEEPRATLRY | svyisdased theflad] usti ng

the spachBgnithdder %%%tﬁ@@h.Qﬁrﬁﬁéiﬁﬁbé¥ﬂéﬂ%ﬁgrﬁfﬁbLﬂgﬁﬁércég@maegethe | ower
cage, and any inpacts or vibrations are caused in any Qa%e. The upper
measur i n§LOAF t URRRE tIHd SCofREFRERORS M3rinfeY Ry SEbwptitde ldrastire!l bodi es

i nterposed bgtwWeghhildh@cUBRCEhe SLPROTS] NG dTREREr saPdly tHE APREbN the
hoi st - and- support part, and between the |ower supporting nenber and the

| ower hoPBPSANHPPEEHHDY t"FWEE - and sensors for measuring the deformation in

the vertical sgifestiyon ofe t Regel ashisc Podi esewdheneost rold-elgpoBy
respectrvelg calcul ate the | oad value  based on the elastic constant of the
el asti c BBAF2sMaNdPE hel SRS it i 61F obtdinaéd Poiheh&ighhsars. 18HE ot her

words, iBctbe siouhls- decket evalor fhdvish2QGnltnad hert ehal 190k ght of the

upper and | ower cages nay be applied to each supporting unit via each
hoi st - an8PSugpy¥RE FAPPOT rAEPRAY, TrPe GBeordRAEi dVPR thed sferiital

di recti oBugbotihepghasid£ hodiessiHeLpesedqhsl Wesn cgachahat staanss support
part and each supporting unit nmay be neasured, and the | oad on each
suppor t i A§S uAPedf PBME&CcH i STEHd-SPagporfroparifendypWse svaPesF&ed

correctlychesed G the aRgsuhed def amlian bR the 1R IkRbodtigstion and
the elastic constant of the elastic

member from the right lower hoist-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



bodi es. The el astic bodi es interposed between each hoi st-and- support part
and each supporting unit may be vibration isolating rubber 4me@Peos to

el astically hoist each cage and inprove the ride quality thereof. The
sensor for measuring the deformation in the vertical direction of the

el astic bodies may include a differential transducer or a |linear encoder
for measuring the distance between é%ch hoi st-and-support part and each

supporti Rge URbber B0Fp&Ft R | fdilbeH SdrRNCErSENS &$i Bfe | aser beasy or
infrared ray. The controllers may adjust the spacing in the vertical
di recti oA2pEt igem Fhe Pyt ScRger =P f158PFEwer cage based on the

deformation i pihhesMertigrl (Hokeslions ofad heotlrast ithe hpdires:@bta ned from
the sensors. In other words, the controllers for controlling the operation
of the séF%mFéﬁ%FtsﬂF?Wiﬁaaﬁﬁiﬁglﬁﬁ¥lcﬁ%ﬁqokaﬁ%% o} othti oAAF YR+BRtion and

the totakoppidarly Ohedffrald 08 OliebBLiLSLT EMbBhabESo M A aifes SIeW shaf t
driving units, and may control the spacing in the vertical direction

bet ween ERECIHpET HfpBTiiTd I mEABeFt T RFeSednees YBB6F t FASE ndfber. In

this condhti QBweé Maye2QQ6 diat thge defgrimabiesyi Bhhke weitigql ufit ection of
each elastic body, therefore, the relative position of each cage to each
suppor ti AYERHEY AmPrBEe otCAEd YESY ett Ay TeGnPnt hand spasrhiidsn t9% vertica

directiopaheiMern dhe #ppariosageanding heotaverpspoel My bre adjyist ed nore
correctly. The upper neasuring unit and the | ower neasuring_unit maybe

| oad cel PSX#htdFbs 88Tt he GPpetiifFsarei Rytvehiidr dRadt P upper
hoi st - andnhsuppgid sRakh, spdek baloneeRet hifved AMRLoSUPRE M@ rMBAREeEhand t he

| ower hoi st-and-support part. In other words, the total weight of the upper
and |Omeﬂoad on the right screw shaft from the lower supporting
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




cages may be respectively applied to each supporting unit via each
hoi st - and-support part. Accordingly, the |oad on each suppor4imag20mt from

each hoi st-and-support part may be obtained correctly if a load cell is
i nt erposed between each hoi st-and-support part and each supporting unit.
Still further, the load cells may be_ disposed in series wth, the elastic

bodi es between the upper supporting H%nber and t he upper hoi st-and-support
part, andnbetyesn kdigyHtoWer thsURPREL| AGa NEMRer @fbst heyl ®eekpplied _

hoi st -and-support part, In qther wordsh iif the load cell and the elastic
body arei #€ FHEBALFHIS & Tes VbRt YaEdh N8AEh~Ht SHPRABE Rifort part and

each supporti pgcsiingilyhechoage @In@aEHn SPPH ivRetubhl i@ ieACHE
h0|st-and-sup50rt,part may be obtained correctly, each cage may be
eIasticaFF? § ﬁﬁ%&?eﬁ?dﬁﬁﬂ %Wﬁ?ﬁﬂoéédqﬁﬁFW?9nnﬁ?c%ehoFﬁﬁT >dYPH ?%by. 4 May
2006 13 BRI ERAESCRWPTLED, LR nEHERPRAW NGRS hcGsuteds shdemepeshdven vi ew of a
doubl e-deck el evator according to an enbodi nent of the present _invention;
5 Fig. 2°fShasHr9s altnd&ctfirBRafagh eiP b8 1B SYRPP R PRTe™ AShown in
Fig. 1, EhOSulatdds cdrsbdelyimwda om tthe dicbseté®nadforantianr ow Bhand a side
view fromthe direction of an arrow C shown in Fig. 2, respectively; 10

Fig. 4 i¥eE-MadckIHredriam a6 Mf t Ab25El%t PO Yet Weendagh freasuri ng
unit, a pemidpller, and a drive notor; Fig. 5is a side view, simlar to
Fig. 3, of a nodification; 15 Fig. 6 is a side viewsimlar to Fig. 3 of

" anot her nndi??%af%@ﬁ?lc bodlies interposed between each hoist-and-

support part and each supporting unit may be vibration
isolating rubber members to elastically hoist each cage and

improve the ride quality thereof.

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,




Fig. 7 is a schematic side view of a doubl e-deck elevator of another
enbodi nent; and Fig. 8 is a perspective view of a conventi ongMay2006
doubl e- deck el evator. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodlnents
of a doubl e-deck el evator 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 perpendﬂ@ular direction, the right-to- left

directi ornes dedidiedcasnt heirdi regéi onydritiwalCch @iltec@bhancs dogrcrf each
cage is opened/closed and the 30 depth direction is defined as the

di rect i of PRt HhI RV pAEsERERY é?ﬁteelrFéQH"eeaRﬂ?lEé@’é oFigaiy FadehkCentire

structureaeh as@ltengecknite! ayat ose 10 +acaod dldb&rtegtiiﬂe RIS €Bhe
enbodi ment will be described with reference to Figs. 1 and 2. A cage frane

35 10 hoPBREIGy S WS nvTHREaR KASCFELMR BRU'IE (Ao PPES| C2BafBd 13R and

13L ext erdengodk dageVREY iAladdub €64 inre EEWEEN AN upper beam 11 and a
| ower beam 12. 4 May 2006 14 |n the vicinity of. the right and left vertical

beans 13R andPE3[HPPEF gHE2SRAL 1R FPbal PRectdfs JO¥EFeWeaREF Ry YIFR and 17L,

whi ch ar eappéateddy supPOr tiedeb¥o SeP Weltwedh Mo hlA Ruppélr 1 Huphot-teflgt 0 an
upper beam 11 and an 5 internedl ate heam 15 horlzontaII% extending in the
ri ght - t oFFEPEY dRPectionuBRen Midd 8 Haf PRI Tt M trer @PEalPettRr?RcEN®N of the

vertical 1bpanssubiRBraniy IdmbeeXhAdtid 1cibe NeTdd-Gakl-dip®etd @artThe right
and |l eft ball screms 17R and 17L are . 10 rotated in the forward and reverse

direction by rPgRthenntPidsrt GRevECTRY oS IS cPEWRh AP PPANg 6RT ts) 18R
and 18L, cubéshnay eod i #ds@dctovine Spent tar Becl4Riitdting 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.




14L,. respectively. The threading direction of an upper screw part 17a 15

_provided on an upper side thereof and that of a |ower screw4mgiggaﬂb
provided on a | ower side thereof are opppsite to each other. e operation
of the right and left drive notors 18R and 18L can be individually
controlled by a controller 20 19 which is a m croconputer. Upper and | ower
cages 20 and 30 are suppBRIBE PESERIBUPANr OFnGHENDRAYABES shown) in a

vertically novabl g. manper. i nsjde_t fr 10,.¢The u qgg: 0
conprises a pair %} frgfrre ln%ngderg)e%%e%ﬁ%\ﬁni ?hq%g’r eolfns;aaal ?@%5%%9 ro}%t' and
back ends, oalewetokefacsptding the fegurembadindey exfenthén pres&tti cal
di rection, a?ﬂv@n@?hﬁ-Of frame nenbers 21R which are installed at front
and back endS; on e'right side in the figure and which extend in the
vertical irecti ofiig302Aisett happepnsappoectenal anieppef Hotewsdndi®upport
part) 22L ex I RQpl pt-h di recti on extends over wupper ends of the
pair of fran%gﬂgngeﬁsgg%ﬁﬁ.iﬁr?gﬁf Ebper hoi st and support arm (an upper
hoi st- and-supporFigart )3 228 aexséfdi Mjeavh fhemddien direetion °35 Haral l el
to the left dpRely SURRQN o &fiMe? 3k e XRIIS 1Y &di MRPET ore i A A i I of
front and bac rame nenbers 21R on the right side. 15 4 May 2006 The
front and bagkowRddnofighe2ri REPERAIVELY  upper support arms 22R and 22L

are connggted to pagh gthey {op1okRi BiaGeafPhdMiRy Pald PELAEDMMsiang back
reinforcing nenbers 23 and 24 extendln% inthe right-to-left 5 diyection,
4

as shown in PrE§vween tqasiyhneRsyrare SRitred FARFFQLLET: SPRA & 1951 | oner
cage 30 conpipbges;a pair of frame

(j' Fig. 5 is a side view, similar to Fig. 3, of a
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.




menbers 31L which are installed at front and back ends on the left side in
. the figure, and they extend in the 10 vertical direction, amdvaypeig of
frame menbers 31R -which are installed at front and back ends on the right
side in the figure and which extend in the vertical direction. A left

| ower support arm (a | ower hoist-and-support 15 part) 32L extendlng in the
depth direction ektebhis wveiniuppef Erelst b enpalelofverifial fffFack

frame nmenberg,p 3%@;2&@ g%fth'aﬁgl nlgefﬁ 919%]110\A@&e§5pq@,rctre@r aH=eedpwer

hoi st - and- support R ext en In t depth direction paraIIeI to
20 the left loRernsippdbt aficdpLarst avdetewdy uppRPOEHRS 8 (HPRREY

front and bag km%fai% W%@aerfaﬁl%l%édﬂetorlmt ¢ Jbgnfnantagad aﬁack
ends of the right and l'eft uppe support arns R and 32L are coqﬁ$cted to

each ot hér fbntezgedéﬁhﬁorééﬁﬁntlﬁy e iant adfl ¥ r Gt et Wac kTt ei Mior ci ng

menber s ext GPQHHE -kB-1Betr HQBchc%hefaft di FRedIQN payitTilrardhe tvedthecalpper
cage 20, thou they are omtted in FI%. 1. An _upper lt_Sgport be%¢1(an

upper suppordiﬁgcﬁéﬁﬁeﬁ%f e 47eEREEAdI PGS (IR rrlhit | &7 edtion i s
di sposed abgyg yggtg@ggrdggg@tggnand bel ow the right and left upper

support arns 22R and 22L. ght and | eft screw nuts 4 4 fltted to
right and left enfaeofri e uppsr L&hp orqaléeaﬁfzﬁfwérel‘hg%aé‘%g éza upper
screw parg s 4daded Lt ehet hesrigit anad xieefetrsbaal fiseceisn 1BR a;ndgh]:l:?L
2006 16 { he PPGhtl %A FELPCeiehl it $ AR ANt By B Shart i) B shown
in Fig. 3. and 18L, which are fitted to the support arms 14R and
(ﬁ - 14L, respectively.
- 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.




Simlarly, a |lower support beam (a | ower supporting menber) 42 extending

.in the right-to-left direction is 5 disposed above the | owermengeos30 and
bel ow the right and I|eft upper supportigns 32R and 32L. Right and left

screw nuts 41R and 41L fitted to right and |l eft ends of the | ower support

beam 42 are engaged with |ower screw parts 17b and 17b of right

and left ball scréwe firghnand7backespdst Pfeltpe TRIMEREA p%[? dam 42

i's pivotablyg rﬁg}ggeﬁt EngYZZPhﬁnH' abt, . and |CQj‘r$ne%<tfe@.Wt@the‘éc412R>tamﬂr 424r by the
shaft 43, to the upper support beam 41. Therefore, en the

ri ght and |ere1b§prcgeeet\s by7Re PRidndoi7Erand (3t BSKn tHE R W%

direction, tﬁgnﬁgggr 23UPRRId  beam égtéﬁdhﬁ@ergﬂ ame t hel growetro-Sledfior t
beam is eI evated. On the other hand, when th c_%]t 61z%md | ef t ball crews

17R and £7L @iscebiabed dsn YWD evRr 49 réect b ?\u ERe A SpeP s tisor t
beam 41 is elgvatgd, 1and the [ ower support beam | s | owered. A |eft upper

measuring unit 50L is_interposed bet vveen%(ﬁ] sgport begn%]‘flagmeand t he

upper support arPi®dlaphys e T sFaRS Hheasuring 25

unit 50R is ppheepesed beivean she merals_e@pm ﬁemuandarmameenqmer
support arm 22R on the r| si,de._,The_.upper suppo e t hus | Sts
cBte 565y the vt gt ARG Fhet i eha it i

~and support s°Bt H& Upper measuri ng
units 56R ane}eg’i&),hcaad ahﬁeditgdstﬁ anthd efat paper sftipfoete 30enbats2ZHRnd

22L. Simlarl | ef t g0 erpo n the
| ower suppor A5 alrtﬁ\qf Cfo%#eﬁ%%ﬁ a#%c I?hc%tﬁ toglesclq%t sf'de, and

a right Iowgﬁd@easurlﬁnb|Jmngu6@Faamd|mﬁexﬂnseﬂt@edmeen the |veetigsl
_s'ypport beam Ai%e%nqotnt]e | 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 epgadpd WathpdeweTror W Pakiki ch/? saf |a§§ P&.é*q:%ﬁﬁﬁé, of
the fitgtd ngaphaterdlpanit Berspper 7aupRar17e) mddbest éey. a position |
between the pair of front and back el asticé ,bodi.es 52.. 30 Signal s, qut put .
from the differenthal LP¥ahsaHERP T 530eq e 4 dfs HIOAGHY & 9 &Y 19 via

Wiring 54. the right and left screw nuts 42R and 42L by the shaft
_(“} 43, similarly to the upper support beam 41.
N 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




The.signal transmtted fromthe | eft upper nmeasuring wunit 50L is input to
. a left side drive notor control unit 19L of the controller 4fayasoghown in
Fi.g. 4. 35 On the other hand, the signajytransnmtted fromthe rlght upper
measuring unit 50R is input to a right side drive notor control unit 19R
of the controller 19. 4 May 2006 18 Simlarly, the signal transmtted from
the left |ower heesuréageudft véeLths rapht £Bdt ReffeflOWSrd@edFiy e 9ot or

control wunit of ok & ngOd19! ANdntthensi 98at tbaagnsupgdrir om t he
right |ower nrwl]slg&s_surlg?l% glrrlll(éjl rl1}5&60‘%{?{%\(?511:|ﬁﬁput %to tﬁle right side drive notor

control unitarrd9R2A amd TdHmtroller 19. The left side drive notor control

unit 19L of the roll e, ioul ajeschde shead tualeue Pnthbe rupher
support beam 41 #ﬁ%ﬁgtﬁé Pe %%13%18 port afn122L and %a he 1.0 val ue

on the | Gweramsdippoft lblenﬁr4@eﬁﬁéﬁ1lflﬁeunFE§t5PB\AéFlds§|9|5‘o &35 Hksed on

the deformtion jgertf6,uer ksl dhreahion ebrt Badeleast ialllode G2vend the
el astic constant™ o e elastic b0é¥ , Which are input fromthe |eft
!

upper neasurwigh urgfesmncanto t Fed | 15 |l ower neasuring unit 60L. Next,

the left side drigg Dt @heCOBEEQELYREL JOL toksel hReanEinyl einili cdlscul at es
the difference in each <calculated |oad value, refers to t gl %ot{ed in

a, storage identieel, sRowRgSChHRC IR aPhs tHe SFFUEFNGH ude of

the drive tog @rh@e?@u?&lﬁ@wnby soe wefl bélcﬂﬂvéhil ve not or 18L

corresponding to the difference in the, Ioadv g)% th|s rffh
direction and maghtg ud&tss ‘ﬂ%erdf"ie\?éuﬁpaueuq &tg‘a? by e Ie t side

drive notor rdbwd8é ane bheidleidien ol emght t hdedotint tidedrvard itagrlque to
ancel a rOthLgQ€£OEI t%% forcef?@@iﬁgdpagt%h%4!e%ixed on an upper
<- face of the upper support 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.




bal} screw 17L attributable to the difference between the load applied to
. the Feft ball screw 17L fromthe Ileft screw nut 41L of the qugpepoggipport
beam 41 and the 30 |oad applied to the hegft ball screw 17L fromthe |eft
- screw nut "‘41L of the | ower support beam 42. The |eft side drive notor
~control unit 19L of the controller 19 controls its operation so that the
left side drive Sisuoraly, odthsut Sighird diErvasmétgad. 850w nihar 1L he

eft side driye.pohorc6omhEolnbbl bo1,198 kit @onifplle 1) ealdulial es the

| oad val ue on upper sdpport beam 41 fromthe right upper support 4 Nay
2006 19 ar mBORRT ampntitel owdivallfd opft Hdq oGentEappert Hean?Bd Wom t he

right lower suppoft t@a@s%&gg%?se&&ﬁ' the Cehiy MBbhop WRakleiwer wrgal

direction of the elastic 52 and the elastic constant of the elastic
body 52, 55 whPRhiar dnowbuttd rig t bkt gt dapFEl VRe BOEATnGFOMttei50R  tand t he

right -l ower {Basyei pReURbLBORINexs, the left side drive notor control
unit 19R of the controller 19 cal culates the difference in_eac

cal cul ated | oad vEhielefsf e Arlvaphreterosdiitela Ufbltstjo?Iagggurﬁhce (not

shown), and ebtgipsithe 1 regti-anagad trRINIEEE Phltde ol | viket aipgear to be
output by the right _side drive npotor 18R corresponding to tgé di fference
in the | 0oadSVAPRES. bPA™ Ails TEQWe thend editr SRS SHRP g AU e Lot 15

drive targuethe heLut pyluby drhetkhé ghweirdesdppyet mbean 4BRface tte
For e appl | eeEb HeT | GHROBE | 5Ebr AL1 HEHR r PULEB So06 PRE A1 4 ence.
bet ween the tpadvappliced teitéettdghbrbaiile selawth@RE2@yf redn the rtihght
T Do i Sl e et RO Eh ST 1 3y | AP e
from the left upper measuring unit 50L 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




the.right screw nut 41R of the |ower support beam 42. The right side drive
nntor.control-unit 19R of the <controller 19 controls its opﬁmgyggmsso t hat
the right 25 side drive notor 18R outpyts this drive torque. In this
condition, the right and | eft upper support arns 22R and 22L are di sposed
in the vicinity of the right and left ball screws 17R and 17L,
respeczlgelyazﬁc?zkdlagﬁythéhéoaﬂgwaﬂu&eonftmhelbwad @Mpp@étuﬁﬁ@m-4§0
suppor ea ramthe |.eft a S h I t
magni t ude of JE‘PFB Itg'é ec Ofp“{% bal%lldlfgggc%itewEl %%mt |g&hﬂt) gg%ew nut
:lﬁL of the ug@ﬁdsrmatlp@mrtlrbeahe41veft|1¢$1br thmae:trmghl Dﬁde’d@ﬁf ted@sitd&d on

e upper up eam 4 t eS k.t ~ak s
equal to the ﬁé Eguagg ?g%hél%%%gh %% ﬁg%EE %?p§5I %ﬂggFéﬁffgkﬁff%%1the
ri ght screw micmlaref 1t1putupﬁ1@rm 4tMyrI£@@’6 Qppgnpp@aﬁubéam ApitSi3eR arly,

the right and Ie S are disposed in th
vicinity of ?ﬁe %#3h?¥§%d f@ﬂ?% %§%$ﬁ %%%kéaggﬁﬁgﬁd 17L rgspectlvel © 5
Accordlngly, theﬁmxputtmm befthelﬁeadréﬁetW@tpéwépnt§9§péﬁﬂtbé§ﬁ from
the 1eft | ouphoSUPROEEQPIdL 32l | Sa1eale0 LhE Magrrétaecor dihe daad on

the left ba screw omth eft screw nut 42L of the | ower support
beam 42. 10 €aithdatedhdamgnvelde, ofreliesrs obd oh ERRLE oidereSphBr 2 beam

42 fromsthe gtgggg% HRE €S URRA! tsrfwﬂ 32Ry oBﬁH@ﬁstQhEh@ﬂf%@tllbhd%mf t he
| oad on the ri al screw 17R f ron1the right screM/ngt 4 Qf | oner
gL é’r‘?d

suppor t beanmagnltgd¢h9§ Uﬂ%aqgﬁwetﬁﬁﬁﬁuﬁmﬁﬁuP?nﬁuEHPF ef t
| ower measur knge Ui ROl CIHH e6bt Ve SFES@I gt B8 the difference in

the load 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.

CF} ‘ 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




maghi tude of the load on the |eft ball screw 17L from the upper support

. beam 41, and the nmagnitude of the load on the left ball screma}?bodromt hé
" l.ower support beam 20 42, respectivel YopSimlarly, the right upper '

measuring unit 50R and the right |ower neasuring unit 60R can correctly
measure the magnitude of the load on the right ball screw 17R fromthe
upper supporsupeant 4eamndlit he nagni tude of the 25 | oad on 'the right ball
screw 17R from t he |.ower, support .gﬁg : ' Fhe Lot reld er 19
can correctly co%lrr%]l a%ley, (%%%ér at1%n b@arg%&%ﬁét%g}éc%%%ﬁqy measur ed | oad
val ue as desudi Bed adowedheposedadjrustiagvinénsprciafy thet mégBy w&d i cal

direction be t c anegk t e 30, so that the
left drive &%ﬁﬁ%@?foﬁggﬁ?é fgﬁd%ﬁ%ef’?%,r qhﬁ%séf\]&flﬁhé& rection and magnitude
to cancel5 the riatoohiglyasilng hagoetegel Edthe fdbhed on W |lovedr ew 171
caused by theg di r b t I 0 Lty bald serewsl7L
fromthe uppglrlgéé%gor%{g%@ea% ﬁfﬁg&gn ﬁ?hg%%gag'og%% %éﬂgft ball screw 17L
from the | onequatuppor theeanagrzi tudevhy f2008e 2108idni Par IGhe t heTbokadldi ler 19
can correct! ¥ eontroly, theappenati prbased gn ke coit eeld yrneasiadt | oad
val ue as described above before adjusting the spacing in the vertical
direction besweenrtheeampé?.cage 20 and the 5 | ower cage 30, so that the

right drjgye mtorwﬁ&ﬁy} PUlL: Rafhi ¥BabOordruetWet M Gadi rect tRE andier
e t he

¢

magni t ude to canc rotational biasi ng force applied to t%riﬁ%ht bal |
screw 17R ca@8eHoby bremdi4d erene stit fkeht t ke badUBRO thE M I -

screw 17R frggphhe wppeheSupRpitchRan 41 the anshd henl oage orighe nzght bal |

screw 17R fromthe | ower support beam 42.

- screw 17R from the right screw nut 42R of the lower
support beam 42.

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.




In other words, in-the doubl e-deck el evator 100 according to the present
_enbodi ment, the controller 19 can individually control thegppﬁgano@n of
the right and 15 left drive notors 18R gpd 18L with very hlgh accuracy.
Accordi ngly, even when the load on the right and left ball screws 17R and
17L is different because passengers are |ocated unevenly, for exanple, on
the left side ofSJtIdmela:ralgbe,s PHeandn8@olierrt Ht che coghechéy ZONHEY eft

ball screws 1/R and 1 BagmﬁtSQ @geacg§?%L Sgﬁ%@%@%r@ﬁfﬁ%%%n%%ﬂdéVW”ght

bet ween t he. egpgﬁa en a pping the rotation of the
ri ght and I@&tdbabklimxhv@bdﬁ@zbmﬂoaéLadguﬁéuéasédﬁiaﬁ@ﬁ@#ﬁg padify i

the vertical directjon e %t(yﬁed}l tﬂg s @ 2%%)%%&1 30, 5an ke aghusted

wi t hout cau5|%g any 1 npacts or ons 1In e cages 20 or 30. Next,
some nodi5 i chowenscefiet BE,dsab Itéadied;hee Irdgdittodr im0 Ir@rtOtrhél 8% exuts

enbodi ment wi | %teﬂgt% dpu%eq,‘,lVﬁ}}rh (ﬁﬁi@é@ﬂgﬁ BHthlQ%nléuH@ 80 3Qrideit he

above enbodlnen support beam 4 he upper support arm_22L,
and the diffehentiodlat itorads deiorsims f@¥cﬁeé@@ﬁﬁﬁ§»ﬂhé %%%CFH§||1QQﬁ;

vertical di 0 | Pyokder dikfmasiHe gde.daf ornat iead idh t he
verti cal dlrégg%%nqb ?é?%%&r of fronﬁ'and back 35 el astic bgdles 52

i nt er posed beheesdobite hadders®igshor 1R Healih 42eaHBPERe SUPPEF ts t45rm

22L. On qthe ghhlerphand,sf IONIRONE APl dhspl agewent 1Mt eroh Mie 2086122 71
using a beamsuch as an infrared ray is used in the |eft upper neasuring

unit 70L in 6HEPABHI PPett Aén shown in Fig. 5. Also, the output signal from
the displacenent gt &ftheéx 7Holr8st r angmtHeed doabllee deent reléestdd VIGD wiring

(22 'na lefgcgggggngeatsour%:ﬂ lf)rll.”letseggl_el ocplment 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 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



nodification shown in Fig. 6, two front and back sets of the elastic body
52 and | oad cells 81, which are connected to each ot her mm@wgg@ﬁ in

~ other words, they 10 overlap each other,iLn the vertical direction, are

i nt erposed between the upper support beam 41 and the upper support arm
22L. Accordingly, the magnitude of the | oad on the upper support beam 41
fromthe uppEI sdpper ta &rqanzanmnabeanlanfe:mdecrai{ rieet hgefy iphdhsai r of

f db d | ]
o ook dalbalny i on e g et e

i nt er posed beam e upper support arm
22L, and theini Hegquality can be inproved by 20 elastically supporting the

cages 20 and 30. bol t 85 i g a ?i,p@ he

upper support beaﬁjﬁﬂ awaelocté‘gt glgﬂggcggﬁm tt@& dl%b&%?sge nngm_’tehrﬁough

hole 82a4sn alsmqapbransgl’ptadietQZthélC@le’drcvblfarlb‘ﬁ/\é\fl%ﬂ@ermm% upper

support arm 22L, flnd 25 Ard ef\{:entlipl?%y eXcessi-Yaqdi $Rl; accer@@ﬁ i At hecydept h
e

and right-to- Ief di fections o upper support arm22L w th respect to
t he upper sumpdmflbeawnlshmﬂm har Fdgublée- deok faafatsd XoFlofsehe Pr esent

invention wil| b egggg#begg&g,th5éefglrlgnc905@ Fé@llg $0, | Nyt hen daukd e- deck

el evat or 200 “shown upper support beam 45 to hojst and
support the uppefaCtedge'§02@aCéln(313’fehell’()vverli s8eppest bRamtRETt FHSiSst

support e ygRel apad aéﬁ apene@nstint uted as;&antddieveli rdeaitn, 35a1£4pper
support "arns extending in an X-shape across each other at t enter of
t he upper cagetgﬁppﬁeél detwaaiy khe SHRPRREhSYPEPEL RPRT didsaB fﬁ'

rrenbers 21R 4. May 2008028 apd 23t extending in the vertical direction at

our
fﬂ : 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 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



corners of the upper cage 20. Further, an upper neasuring unit 26 for
measuring the weight of the upper cage 20 is interposed betawan2e06 S tip
of the upper support beam 45 and the intersection of the upper support
arms 25. Simlarly, |ower support arns extending in an X- shape across
each other at the center of the lower cage 30 in plan view are stretched

over upper eafg ofifr anecHAimRbens AR and tildalextdendictdonn &he fard i cal
direction at four corneés of the Iome% cage 30. Further, a | ower mneasuring
unit 36 for ARLREGFFNGTthRS WBPGHtC®7StH% | ower cage 23 is interposed

between a tip ofpihghéoneansuppt heasudbnanduiite et doseatéasuning he 15
| ower support arns,3 Accar.di ngl the total e .upper. _cage 20
can be excl u%b@el”?lﬁggs ed 1y %éﬁpfi%ge TT%QSEIFI &%‘frﬁﬂos ,beg'ﬁ“’(?efhgaqt ot al
wei ght ofs t heipower tﬁagetp%@rcmplpertemlausi&EeIandret&saJrﬂmtéwsemteLdm\m‘i
measuri ng un'H3 36, 20 res ;ﬁl vel %E%émd t hus, the weight of the upper cage

20 and the ﬁepp€§5es?ﬁ tred correctly. The controller 19
controls the opermmnlmb}a;s;edlomerthapporteariny Feasxtetndisigghin ¢n the upper

cage 20 and he | ower ca € es b d e, .befare S

the spacing PR%PRe &P a0 rece:}.tl on %ejf\/\%eﬁesﬁg¥u85efth%calg éa{ the

| ower cage 380 do tgidn t heedr eve mitr@tchis outq:utsplaemie“ndSt@fqu%rmeth a
the” barl? cclelPAoLLETR AL oTE vorbrial Tibotte ARG ULRaRRHET | N,
" upper cage 28tafidutheoknees oégeheolowe-‘cm:@ﬂm@Q in the doubl e- deck

elevator 200, eveRurifien o DIaker hea SORR) Nt heat okt H8a Ol

Iggrew 17 is releas en adjustln acing I1nt vertica dlrectlon
tween the uppehtcade the alm«'qmec%e I %%ewca@é'ewoseﬁ‘e Hegmeesicrrev 47 i s

not rotated B¥ ¥A@ 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




di fference in weight between the upper cage 20 and the |ower cage 30, no

i mpacts or vibrations are caused in 4 May 2006 24 the cages £20appodd when
adj usting the spacing in the vertical djrection between the upper cage 20
and the |ower cage 30. An enbodinment of the doubl e-deck elevator of the 5
present invention, and nodifications thereof are described above in
detail: neediresschgesay20tbe pFesehtn iapmtiony i shaotsHaaiingediro Hige above
enbodi nents, but. various ki.nds ,of i figati a de. r vgxanpl e,
in the aboveveerl‘r;%]o%"i‘ r‘?tl§,ect1k'ﬁ8nel%%Pp‘gghldﬁﬁeod?gée&%u%%dn?n e%c(ﬁ measuri ng
unit are conmpwssedadgd 3¢he vertical direction by the weight of each cage;
However, they may be di sposed. so as b eg. ekt i §al tdig ection
by the wei ght of¥¥hcﬁm%8§é@egg égch%%edg%%%y%fﬂgggo% %igptg t he

" doubl e- deck pdésehevatiorveoftitdme present mndaficsanionfe greobf ©@FE upper
and | ower cages can be ured hi CYs BYyhOoiksli RE-c3RGt
supporting e %%Crcjgté%& %ggg‘rgdllﬁgl&%ttaphlé %ﬁ%éé%}%eﬁ’?n wgi' %ht bg%ween t he
upper and | oiweventies dan ded obimibed Wt Hlrg ghbaveueabpdineptgng bitte
operation of,Lheo 36T eu,shalt dMaytng.tibhs d8ethd maghusting the spacing in
the vertical direction etween the upper and | ower cages can he cantrolled
more correctly. Fdmerekaneleacddr dingy QQDY%eeﬁbéééﬁ?nFﬁve&Hﬁmﬁ%qqﬁié 25
operati gp 0fpdfge SCEOWRA i rd b kb gnuher aeBt akpedwieth ibi gh
~accuracy before adjusting the spacing in the vertjcal gl rection between

the upper cagee anerthealowtiraigen sy hahe hEedghtw 9 afeah i V39S’ units
out put a.driyg,torgue Welhndydigeecdi Yo 29 8006t Bdeplioledndel ke
[Totatlonal bl asi ng forge a pFled .
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.




to the screw shaft attributable to the difference in weight between the
upper and | ower cages, and the spacing in the vertical direqihppodeetween
t he upper and |ower cages can be adjugfed w thout causing any 1 npacts 35 '
or vibrations in the upper or |ower cages. 25 4 May 2006 CLAIMS: 1. A
doubl e-deck el evator capable of adjusting the spacing in the verti cal
di recti on B&tAwaEhr upper and | ower cages provided on a cage franme in a

vertically, novabl e ner, €o i Sipg:; a_scr shatt raqgtatably s orted
by said cage fram % ‘??%]ﬁdr%eﬁfﬁpgﬁe %P?Eilgl dfre E?Sﬁ?lggscﬂ%g‘ shaf t
driving ungpaddigrohathag veaitd caqr ey rediafdn ivethecd oippedl and newerse
directions; a controller for controlling the operation of said screw shaft
drivi ng urfi9eanPEpyafedupior i MpFRNBERTEhi Eh Ps Eigaberl W t ReARP1Gpper

screw partp, n?@’i dcérgfgﬁ/]% ft and vertically novable by the rotation of
said screw shaft, an I C hoi sts and supports said upper cage via one

upper hoi st- am-sapger shpékt rditspeddd crupmronipperbypasaidf caged fupper

cage; a |lower supporting, nmenber ich is ,engaged with a |ower screw part
threaded i 'R tli’)%&‘{;‘irb%g]d'bptg% tveé,\],fﬂ%l‘f"’f%tdl qq&g’ac?rh upper screw part of said
screw shaft andy gekbi/CalHartovablienfy Jdiie robat irotaefingai shber ewrshaft,
and which hoists and s said | ower cage via one |ower

hoi st - and-Shipplorin pere ulg?pé'ggbcﬁ% TRV TR i@t oS isai d | ower cage; an
D e oot harbYEAea SRS 808 234y o opdRRESoRURSE L Mo
screw shaft driving unit;
an upper supporting member which is 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



a |l ower neasuring unit which neasures a |load on said |ower supporting
menber from said | ower hoist-and-support part, wherein saidMgneeosl | ers
control the operation of said screw sKaft driving unit based on the |oad
val ue obtained by said upper neasuring unit and the |oad val ue obtained
fromsaid | ower neasuring unit before_adjusting 26 4 May 2006 the spacing
in the verEPeaSPariest iioh beewsentigpd ticagdrelesni gaidweiPréage so
that said w, shat.t ;dr i\ i t i r i .a.direction
and magni £ Gaee T Cataelng KL R B foll; KE-pE WAL MRy I
screw shaftnattounbphtbl 8 toivhetdirfifier encd bndieieghti onbehve e gsditddepper
cage and sgi d Iowerlca(ge 2. A d?ubl e:deck el evator accordi gg to cl.aim1,
wherein sh?H GRPErLHRAsEPFnGChAFLOBAY BARGINBWEPEREaSRPMAG ulCt Sad6npri se
el astic bogdieswi néied Poseas heimpes 521 tUPRefe  SURRFAIMdRE mMarbercapetsai d
upper hoi st-and-support part, and between said | ower supporting nmenber and
sai d | onerPehereR - S SURPRF t C3RR taNANE ke nsofer ferdeeasuri ng t he
respective deformations in the vertical direction of said elastic bodies,
and wherein said controllers calculate said | oad val ues based on the

el astic cofAstamd dbulsheddetistilevbodreacanddihbe tdefcdraimt ilgnsyiohtaimed from
- said sensors, . respectively.. 3. A doubl e-deck e{Levator according to claim

1, wherei n52%83i §PE5Fe™ BhoUBhFt 2R0d 245 LOUWeF meASHEing Uit are

| oad cel | schipef posesh het weemdihiich URRRL rpURRer t hBgweBRNDEL: @nd;add upper
hoi st -and-support part, and between said |ower supporting nenber and said
| ower hoi séUBRArtsRPpBemLELr tandd, sl doubber ddek s¢l-evst-euraesdr diarf,t o0  aim

3, wherein and between said lower supporting member and said lower

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




said load cells are disposed in series with elastic bodies between said
upper supporting menber and said upper hoist- and-support parNay 2006 bet ween
said | ower supporting nmenber and sai dZFower hoi st-and-support part 5. A
doubl e-deck el evator capable of adjusting the 27 4 May 2006 spacing in the
vertical direction between an upper cage and a |ower cage which are

provi ded oArsaidgcdge ﬁh@nﬁerhicalv@ﬁmbaaﬂbw mmmﬂﬂannann@ppannqﬂd$ing:

right and Lefit screw shafts tably s 20 t d._on ht a | ef t. sides of
sai d cage ?ggne gﬁgeexfgﬁgln% % e VEHHE 9?11&& TiVely;

- right and hefrérsﬁ;camghabﬁaldlevmem@nelfut@orﬁpflspﬁ@tl ng sau d right and |eft
screw shafts in the forward and reverse directions, respectively
control l ers forf19 vddal 1S cofitFer| ishg fitfe r%b%?%?%bnSdppaaﬁdeeﬂu and

left screw-shatt sdii VidiG NS o@Ns SPPELA§HPRYGRENA NI W& en il £ N £XT ends
in the right-and-left direction above sal d upper cage, 5’ engaged

with uppertherearpacaé dirsatuom}gh@SBﬂdtiEély,screm/shafts and vertically
novabl e by sai ew s a lower, s mhicnhexiends in

OGS et Dot L LU EE R P se S e S R PR AR nith

| ower scr exa/amartﬁlwﬂt charat e 1klfteagdedewn $haflt § eGtr Olﬁh@ppﬁStiTv@rcﬁO atx{tat of
sai d upper screw parts of said right and left screw shafts and vertically
movabl e b?egaFBeséFéﬁF§h9PFs resppEthnelyYeft upper hoi st-and- support parts

whi ch -are di sposed-gmipe right and leht 3 gtiqgf Of g}, Ry LR o sai d

upper cage in the vicinity of said right an SCrew s and
engaged wi thesatdonppef s@gporright membeﬂfﬂﬁspscmpwelyhaﬁthodsivzngj
support saﬁgiggper cage;
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 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




right and left |ower hoist-and-support parts which are disposed on the
right and left sides of an upper part of said |ower cage immagan0gi nity
of said right and left screw shafts, &id engaged with said | ower
supporting nenber respectively to hoist and support said | ower cage; right
and |l eft upper neasuring units for neasuring a |oad applied to said upper
suppor ti ngroghtteenflr dmfsaiigp28 Holhy-2086snpghttapdrteftangper

hoi st - and- suppor t rts;, and,ri.ght and | eft, | ower, neasuring units for
Teasur g a | oBUTEDpRTEd RSt AP SRR (G eher TPRBAFLF &5 11 gh
and left | osey hghstrandtsUpROrd pPawbs, MR Rl lefBBEr A Ssgoatr ol

t-he operation of said |left screw shaft driving unit based on the | oad
val ue obt &i6B§ PREmLsAFdlPEet hppeE-pBdsERPRETLNPECEAd the | oad val ue

obtai ned from sgid,Left Javer JEAININAGUNLL,PELOT & padigialing Jhe gpaci ng

in the vertical direction between said upper cage and s ower cage so
that a drigeitolgéie swrth ahdiftedtrivhngndniighetedechotheahoeldl maguthe

tati I bi asi force appli.ed.to said |l eft screw shaft _atfributable to
e ui 11 or eREaThER L2RRE sa TR UG S e da I R E g St hE 1Sk Enber

fromsaid yppee betstinandrrouPRAild Pastt ansld hemd 936 8Pl LRt Begaird | ower
- supporting nenber fromsaid |left |ower hoist-and-support part, and wherein

sai d contr8fllEBF§igents shecbp@r 4 obhef vegiigadi ghtreekievn shetwedpi vi ng
unit based.gn it a a . Al r a| ight _u LNg unit
and the Igggdvg?aégog?g¥néﬁgfgg%?sgg e;ig%?gIg&e%hggaguggggenggggﬁéefore
adj usti ng whehspaci nijiractiven vesahd cahagditedei orfdret weemcshl thagppehecage
and said | ower caﬁe sp. that drive tqrque with a girgction and nagnitude
for cancefPFAGLP ﬁlrgfﬁﬁFBHa OB &s PR Eapitibd bt saF8evr PRRETscrew

shaft attripdbabheabPeths €hifgiereecREEVBEPWeen 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, 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




the | oad applied to said upper supporting nenber fromsaid upper

hoi st - and- support part and the load applied to said |ower suppeRbEA]
menber fromsaid right |ower hoist-and-2%upport part. 6. A doubl e-deck

el evator according to Claimb5, wherein said right and left upper measuring
units and said right and left |ower nmeasuring units conprise elastic
bodi es i nt Bepbsedandt aeed savdtuppdr lebppeprengh@Bat4anlys006r rrenber and

said right | e u i ngd- suppor t rts, and between said | ower
supportingp%gg%é géﬂdgggﬁﬁgg §5ﬁ§ gﬁﬁege??p?ogg}n%0|s 2andy iﬁﬁ parts,
and sensor sightrang@aseftnyoibe heﬁ@eean&esﬂﬁﬁ@fﬂapa@ﬂ§ i aind heewes 4 cal

di rection gf said elastic bodies, and wherein said controllers cal cul ate

said | oad VSFUBSaSPEERY bRet ReSEPEEiVE SORQIBRELIORS shi dtleP %2 el ¢iHi es and

the deformgtiongioRtgknedifromsaid 5685055, afhigspectively. 7. A doubl e-deck
el evator according to CCaimb5, wherein said right and | eft upper neasuring

units and sa| d whepgrin aﬁalﬂefqorltoxnérlermsqalwglmt sadade laadl velliss

|nterposed n er su rrber aid right and, left
upper hoi st %m@glppgl epi;af 5 C a‘ﬁgg%é é.alad'q o% SthCUpJ% ‘gjt‘?%g Henber
and said rtgétdaﬂdrm&tioh@\/\@bthDMé@ Bhck §&Jﬂﬂ)0§én@@féﬁ réspdeeinedl - deck

el evator according to Claim7,wherein said |oad cells are disposed in
series with elastic bodies between said upper supporting nenber and said

right and 7] ef ta uppes 1 H0hStr atsSARROT L - &@fd& a{]@@ﬂm Sald-d iquer

supporting nmenber and said right and Ieft i st an " support parts.
9. A doubl %aﬂdéclkl@h@m@rlaf:tmmp@g m@e{ma;mg 21rgirt 6, andvheerded neisHitd
controll ergnélgiéjftai he spn?ecésn ir{] tLpneltSvearJ;té aga icre cltl on tbet ween, said
upper cage and sai d"§'owe 9 § interpose
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 pafts, 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.




cage based on the deformations in the vertical direction of said elastic
bodi es obtai ned from said sensors. DOUBLE DECK ELEVATOR ABSWRACTHOGIhere is
provi ded a doubl e deck el evator (100) which does not cause any inpacts or
vi brations on each cage when adjusting the spacing in a vertical direction
bet ween ‘'upper and | ower cages. Loads on an upper support beam (41) from
| eft and right support arns (22L, 22R) for hoisting and supporting the
upper cage (20) are neasured by |eft and ri ght upper neasuring units (50L,
50R). Simlarly, loads on a | ower support beam (42) fromleft and right
support arns (32L, 32R) for hoLs}.i Lhg the | ower cage (30)
are neasured by left and righ#sbgagrsﬁggsgﬁgﬁg&éhits (60L, 60R). Because
the magnitude of the loads on the left and right screw shafts (17L, 17R)
can be obtained correctly, any inpacts or vibrations caused on each cage
(20, 30) can be prevented when adqu%g@gAEQe spacing in the verttcal
direction by correctly controlling the drive torque output fromleft and
right drive notors (18L, 18R). Fig. 1

There is provided a double deck elevator (100) which

does not cause any impacts or vibrations on each cage
when adjusting the spacing in a vertical direction
between upper and lower cages. Loads on an upper support
- beam (41) from left and right support arms (22L, 22R) for
hoisting and supporting the upper cage (20} are measured

~

—

by left and right upper measuring units (50L, 350R).
Similarly, loads on a lower support beam (42) from left
and right support arms (32L, 32R) for hoisting and
supporting the lower cage (30} are measured by left and
right lower measuring units (60L, 60R). Because the
magnitude of the loads. on the left and right screw shafts
(17L, 17R) can be obtained correctly, any impacts or
vibrations caused on each cage (20, 30) can be prevented
when adjusting the spacing in the vertical direction by
correctly controlling the drive torque output from left
and right drive motors (18L, 18R).

Fig. 1




