12 Septenber 2006 1 DESCRI PTI1 ON DOUBLE DECK ELEVATOR 5
Technical Field The present invention relates to a doublsep@sek 208é evator in
whi ch two cages are connected vertically and nore particularly to a double
deck el evator having an inter-cage distance adjusting mechani sm capabl e of
10 adjusting a gap between the cages during elevator operation. Background
Art In a high-rise building or the |ike, the double deck elevator in which
two cages are constructed 15 vertically onltwo stages have been utilized as
traffic means for vertical traffic in the building in order to inprove
space efficiency of the building. In this kind of the double deck el evator
as showmn in FIG 1, a type havilh@g a&h G R er-kcayd dd st ance adj usti ng
mechani sm for 20 adjusting the di stance between the cages by noving the
upper and lower cages 2, 4 within a cage frame 1 to opposite directions by

usi:ng a crank nmechanism 7 has been well known. In the type shown in FIG
1, the upper cage 2 and the | owBPUBEEePECKHBLEVRTE@R| ed on the 25 crank

~ mechani sm 7 nounted on the central portion of the cage frane 1 and the
upper cage 2 and the lower cage 4 it are driven to opposite directions by

means. of g2 nmotor. 8 Technical Field
The present invention relates to a double deck
elevator in which two cages are connectéd vertically
‘and more particularly to a double deck elevator having
an inter-cage distance adjusting mechanism capable of
10 ‘adjusting a gap between the cages during elevator
operation,
Background Art
| In a high-rise building or the like, the double
deck elevator in which two cages are constructed
15, - wvertically on two stages have been utilized as traffic
means for vertical traffic in the building in order to
improve space efficiency of the building. In this kind
of the double deck elevatqr as shown in FIG. 1, a type
having an inter-cage distance adjusting mechanism for
20 . adjusting the distance between the cages by moving the
upper and lower cages 2, 4 within a cage frame 1 to
opposite directions by using a crank mechanism 7 has
been well known. In the type shown in FIG. 1, the
ﬁpper-cage 2 and the lower cage 4 are installed on the
25 crank mechanism 7 mounted on the central portion of the
 ¢age frame 1 and the upper cage 2 and the lower cage 4

are driven to oppqsite-directions by means of a motor 8




1 12 Septenber 2006 2 and ball screws 9 in a state in which they are

bal anced by their own weights. In another type, whil ef2ceptember2006tically
arranged cages is stationary, the other cage is novable so as to adjust

. the distance between the 5 cages. Because in the double deck el evator
having the inter-cage distance adjusting nechanism that adjustnent
operation is carried out during elevator operation, passengers in the cage
may feel anxious or 10 disconfort. Convegtionally, as a nethod for solving
such a problem the one described in Jpn. Pat. Appln. KOKAlI Publication
No. 2001- 302115 has been well known. According to this publication, a cage

- driving unit isan#Sbadnt selrked SUCh &thatagé ihewBasR theg abebalanced

destination floor is determ ned and a wi nding machine. (el evator) begins

t o decel er at e, byh&hentrepwoageigist ante adptsérngypperehibsn atard® and t hat
adjusting operation is conpleted during el evator deceleration. 20 FIG 2
shows “an oper avesiipattsr arofnghd wkddsngs shahioeand, ttee caesdréadag unit
proposed in the same publication. Here, a double deck elevator in which
“the upper andiBolevabagescané Hpi ¥dnutb Bppodisbaure detfiwsrn Hiethe sane
time is assunmed. Curve Si indicates an 25 operation velocity pattern of the
wi ndi ng rachi ne2PERat

‘Because in the double deck elevator having the
inter-cage distance adjusting mechanism, that
adjustment operation is carried out during elevator
operation, passengers in the cage may feel anxious or

10 discomfort.

Conventionally, as a method for solving such a
problem, the one described in Jpn. Pat. Appln. KOKAI
Publication No. 2001-302115 has been well known.
According to this publication, a cage driving unit is

15 .controlled such that at the same time when a
destination floor is determined and a winding machine
(elevator) begins to decelerate, the inter-cage
distance adjusting operation starts and that adjusting

“operation is completed during elevator decele;ation.
20 - 1 _- FIG. 2 shows an operation pattern of the winding
machine. and the cage driving unit proposed in the same
‘publication. Here, a double deck elevator in which the
upper and lower cages are driven to opposite directions
at_thé same time is assumed. Curve S1 indicates an

25 operation velocity pattern of the winding machine (that

is, a velocity change of the cage frame of the

- elevator), curve S2 indicates the velocity change of




is, a velocity change of the cage frame of the elevator), curve S2

i ndicates the velocity change of 12 Septenber 2006 3 1Q1septemper 2006 ven i n

t he el evator advancenent direction, curve S2' indicates the velocity
change of the other cage driven to an opposite direction to the el evator
advancenment direction and curve S3 indicates an 5 operation velocity
pattern of the cage driving unit. The velocity change S2 of one cage is
expressed as S1 + S3, while the vel ocity3change S2' of the other <cage is
expressed as S1 - S3. Usually, the elevator accelerates at a specific 10
acceleration froma startup floor with a driving of the w nding machine

and then entersna eegst apiveal 96l tye epefvatbeNadtehieEndite desécnpdnon floor
is determ ned, a deceleration operation starts at tine tl1l, a specified

decel erati on i sur@ensar neéddi bag8ssi nher valobét yeehatiddeo A5t @friget i ne t3
and then, deceleration is lowered from time t3 until tine t4 at which the
el evat or stopscaegehdrtiensabety. ophenitehdirkevatortst tps. e Téreatage
driving unit is controlled according to an operation pattern in the

el evat or decel edaghopmpsaki ddrsotaent sndocudjest3t ediastancan bet ween t he
cages. The reason why the cage adjustnent operation is carried out during
el evat or Sdecel ePgrpEhoNsVehafity PettpsneEctibedeade clheYin@rinit ¢ han t he

decel eration %eriod no destination floor is determ ned so that how
o S he velocity change S2 of one cage is expressed as

81 + 83, while the velocity change S2’ of the other
cage is expressed as S1 - S3.
Usually, the elevator accelerates at a specific
10 - acceleration from a startup floor with a driving of the
winding machine and then enters a constant velocity
operation. After the destination floor is determined,
a deceleratiOn operation starts at time t1, a specified
deceleration is maintained in an interval between time
15 . t2 and time t3 and then, deceleration is lowered from
"time t3 until time t4 at which the elevator stops with
‘the safety. Then, the elevator stops. The cage
driving unit is: controlled according t£to an operation
pattern in the elevator deceleration period so as to
20 - -adjust the distance between the cages.
- The reason why the cage édjustment operation is
"~ carried out=dﬁring elevator deceleration is that if it
is executed in other period than the deceleration--
-ﬁeriod, no destination fleoor is determined so that how
25 long the distance between the cages should be secured
is not known (the distance being dependent on

destination floors) and if the inter-cage distance




25 long the distance between the cages should be secured is not known (the
di stance bei ng dependent on destination floors) and i1k Sepembéet2006 cage

di stance 12 Septenber 2006 4 adjustnent is carried out in the period of
the el evator constant velocity noving, a velocity change by the

adj ustment operation is transmtted directly to passengers. If the

i nter-cage distance adjustnent is 5 carried out according to an operation
pattern during elevator deceleration as $hown in FIG 2, the upper and
l.ower cages turn into a velocity pattern of constant acceleration, |ow

vel ocity and constant decel eration, so that passengers in the cage hardly
feel a vel ocitwgydjh@tmbangeésbyatrbeéeddpust ienthepeentodnof Howevekevaiooor di ng
to the conventional nmethod in which as described above, the distance

bet ween the cagestiestadplistétlyimovhrgdesevetatibn phanoel By ofhe st art up of
the el evator deceleration until elevator 15 stop, the velocity change at
the tine of thedadptBereneprespbiani ba tsanaspybted dheead}vstoent distance
between the cages is large or the elevator deceleration period js short.
That is, becauB@sSERBYUAEStandéé bBewbBRerneade agbst aeedsadbididnenft ust ed
corresponding to a,20 destinatiag floor in a short ting in the deceleration

period, Phe veF8tri§icAdhgaChRrALBA P ARICPOrLhbWh PACLHE Y I | ner eased
and the vel oci Ly $hangcoBLEYLISE; ohNEPERSERIEK Srih! b 2 68 i Plana
lower cages turn into a velocity pattern of constant
acceleration, low velocity and constant deceleration,
.so. that passengers in the cage hardly feel a velocity
i0 change by the adjustment operation.

. -However, according to the conventional method in
which as described above, the distance hetween the
cages is adjusted in the deceleration period from
startup of the elevator deceleration until elevator

15 stop, the velocity change at the time of the adjustment
operation i1s large if the adjustment distance between
. .the cages is laige or the elevator deceleration period
is short.  That is, because the distance between the
-.cages needs to be adjusted corresponding to a
20 .destination floor in a short time in the deceleration
~period, the velocity change between tl and t2 shown in
FIG. 2 is,incieased and the velocity change provides
- the passengers with a feeling of disharmony so that
‘lfhey feel discomfort.
25 . Fﬁrther, a large capacity cage dfiving unit is
necessary to adjust the distancé-between the cages in a

.short timé in the deceleration period, thereby leading




they feel disconfort. 25 Further, a large capacity cage driving unit is
necessary to adjust the distance between the cages in 12 Septe@bér 2006 i n t he
decel eration period, thereby |eading 12 Septenber 2006 5 to increased cost
in equipnment. Disclosure of Invention Exanple enbodi nents may
substantially obviate one or nore of the problens due to |imtations and

di sadvantages of the related art and therefore nmay provide a doubl e deck

el evat or which can be operated wi thout making passengers feel disharnony
by suppressing a velocity change generated at the tinme of inter-cage

di stance adjustnent and enabl es an inter-cage distance adjusting nmechanism

to be driven hncxesaBUl c63Pach tyquiadtng system According to a first
aspect of the invention, there 1is provided a double deck el evator

conprising: a winding nachipigcwkahel bEt 3ntpheoym a cage franme | oaded with
two cages in a vertical direction; a cage driving unit which changes a
rel ative di st awendiet wedodippetsandy | suest arcaigds;y abdiateagasposition
controller which starts an inter-cage distance adjustnent operation of the
cage drivimegeuwift thlempgrbaemshdusahe timetahiems hendhi nding machine is
shifted froman accel eration operation to a constant velocity operation,
and changestigrdsFara@anty ofv discinglagied et mnst tdege fninet &ive ad] ust nent
operathn provide a double deck elevator which can be operated
without making passengers feel disharmony by suppressing
é velocity change generated at the time of inter-cage
distance adjustment and enables an inter-cage distance
adjusting mechanism to be driven by a small capacity
driving system.

According to a first aspect of the invention, there
"is provided a double deck elevator comprising: a winding
machine which l1ifts up/down a cage frame loaded with two
cages in a vertical direction; a cage driving unit which
.changes a relative distance between upper and lower
cages; and a cage position contreller which starts an
‘intermcage distance adjustment cperation of the cage
driving unit almost at the same time when the winding
machine is shifted from an acceleration operation to a
constant velocity operation, and changes an operating
.velocity of the inter-cage distance adjustment operation
corresponding to a destination flooxr almost at the same
time when the winding machine changes from the constant

velocity operation to a deceleration opeiation after the

destination floor is determined, whereby completing the




corresponding to a destination floor alnobst at the sanme tinme when the

wi ndi ng machi ne changes fromthe constant velocity ope@rsapiembet 2008

decel eration operation after the destination floor is determ ned, whereby
conpleting the 12 Septenber 2006 5a inter-cage distance adjustnent
operation alnost at the sane tine when the w nding machi ne stops.
According to a second aspect of the present invention, there is provided a

doubl e deck el evator conprising: a mfﬁﬁing machi ne which lifts up/down a

cage frame |l oaded w th cages in a vertical. direction; .a. .cage driving
uni t mhichlgﬁggggggg ?% é%?%% |%?%Eﬁébttﬁﬁ%ﬁéﬁ%éﬁnﬁiﬁogﬁdaFoﬁg% cages; and

a cage posig 5gntiﬁ8n%ﬁgh!gﬁewwiﬁgaéiaﬁgghfﬁbi%ﬁl - cage di stance adj ust nent

. s. .
operation of the cage driving unit al nost at same tinme when the

wi ndi ng machi ng-Lsrghhfted fromang asselerati one opssadion to a constant
vel ocity operation, and keeps an operating velocity of an inter-cage

di stance adnwehfesh,opaeati 98 progiliblsh el tdecwheneviter Wi ndi ng nachi ne
is set to the constant velocity operation, and changes the operating

vel ocity okomheisimi:ers edgeidysihanhenadylusthenit ftepematioan at cagsecond
velocity al nost at the same tinme when the w nding machine changes fromthe
const ant vélremet yoaged avidn twe aagtecdlrercaticatiopér dikeatadneraa
destination floor is determ ned, whereby conpleting the inter-cage
di stance &apgsomdiingpErati vhiahnehengest Aershabivendiah@ncehe
between upper and lower cages; and a cage position
controller which starts an inter-cage distance adjustment
operation of the cage driving unit almost at the same
time when the winding machine is shifted from an
acceleration operation to a constant velocity operation,
and keeps an operating velocity of an inter-cage
distance adijustment operation at a first velocity when
the winding machine is set to the constant velocity
operation, and changes the operating velocity of the
inter-cage distance adjustment operation at a second
velocity almost at the same time when the winding machine
changes from the constant velocity operation to a

deceleration operation after a destination floor is

determined, whereby completing the inter-cage distance

adjustment operation almost at the same time when the

‘winding machine stops.

Brief Description of'Drawings
FIG. 1 shows an example of an inter-cage distance
adjﬁsting mechanism capable of adjustingra distance
between upper.and lower cages-in a double deck elevator:;

FIG. 2 is a Characteristic diagram showing-an example




wi ndi ng machi ne stops. Brief Description of Drawings FIG 1 shows an
exanpl e of an inter-cage distance adjusting nechani smcapiembér 2066 adj usti ng
a distance between upper and | ower cages in a.double deck elevator; FIG 2
i's a characteristic diagram showi ng an exanple 12 Septenber 2006 5b of an
operation velocity pattern at the tine of inter- cage di stance adjustnent
of the doubl e deck elevator accordin o0 a conventional nethod; FIG 3 is
a di agram showi ng the configuration of  a double deck el evator according to
a first enbodi ment of the present invention; FIG 4 is a characteristic

vi ew-showi ng an exanple of an operation velocity pattern at the tinme of
Inter- Cag%ﬁdb%t%@%%a%@bﬁs%gﬁBbigg bhetdeHbke dgsktehevatorndarSept enber
2006 6 according to the first enbodinment; FIG 5 is a characteristic view
showi ng aneizhesr diexampke adf ushteopedt itoR iehbtkt Viepat beeRagbrt he tine of

i nter-cage di stance adjustnment of the double deck 5 elevator according to
the first eneddieat toFEGoon§ensianehamathedfstic view show ng stil

anot her exanple of the operation velocity pattern at the tinme of

i nter-cage di stafice 3adjusameiiegorhmt howiogbl tehaleckn &l ewarlbiomcedrdi ng to

the first enbodi nent; _
double deck elevator according to a first embodiment of

the present invention;
FIG. 4 is a characteristic view showing an example
of an operation velocity pattern at the time of inter-

cage distance adjustment of the double deck elevator




10 and FIG 7 is a diagram show ng the configuration of a double deck

el evator according to a second enbodi ment of the presgiie,iRu&Yobn- Best
Mode for Carrying Qut the Invention 15 Hereinafter, enbodi nents of the

present invention wll be described with reference to the acconpanying
drawi ngs. (First Enbodinent) FIG 3 is a diagram show ng the configuration
of a 20 double deck elevator according to a first enbodi nent of the
present invention. The el evator conprisesfa cage frane 1, and upper and
| ower cages 2 and 3 provided wthin the cage frame 1. The upper cage 2 and
the |l ower cage 4 are nounted 25 on the cage frane 1 and either or both of
t he upper cageaczoandntyheol oner ftage dmlasé@ipewv} ded with a cage driving
unit 10. In FIG 3, the lower cage 4 is 12 Septenber 2006 7 provided with
t he cage driving uniBttGl05> fier aexhapheterThticaygkedr shomgnymotli@econpri ses
a guide roller 5 and an actuator 6. If the actuator 6 of this cage driving
unit 10 is drieaampikecfolibe cngealiion evedl up/pRWeBR ta dith tire gui de
roller 5 so that the distance between the upper cage 2_and the | ower cage
4 is changed. ©Feigftraftege ¢hetenge 2&) petyeny enf b‘&‘@ HieukRy s vi ng
unit 10 s referred to as "nmpvi ng cage." According. to
-5 elevator according to e first embddiment;
FIG. 6 is a characteristic view showing still
another example of the operation velocity pattern at
the time of inter-cage distance adjustment of the
double deck elevator according to the first embodiment;
10 and
FIG. 7 is a diagram showing the configuration of a
double deck elevator according to a second embodiment
‘of the present invention.
- Best Mode for Carrying Out the Invention
15 Hereinafter, embodiments of the present invention
will be described with reference to the accompanying
drawings.
{First Embodiment)
FIG. 3 is a diagram showing the configuration of a
© 20 ‘double deck elevator according to a first embodiment of
the present invention.  The elevator comprises a cage
frame 1, and upper and lower cages 2 and 3 provided
within the cage frame 1.
_ The upper cage 2 and the lower cage 4 are mounted
25 ;on the cage frame 1 and either or both of the upper

cage 2 and the lower cage 4 are provided with a cage

driving unit 10. - In FIG. 3, the lower cage 4 is




t he present invention, the configuration of the cage 10 driving unit 10 is
not restricted to any particular one. The cage frane1§3g@§gggqmb@h t he
upper cage 2 and the |lower cage 4 is connected to a counter weight 12

t hrough a rope 11 wound around a sheave 14 provided on 15 a notor shaft of
a w nding machine 13. Wth a rotation of the sheave 14 driven by the

wi ndi ng machine 13, the cage frane 1 is lifted up/dow to an opposite
direction vertically to and with the couAter weight 12 like a well
bucket. The wi ndi ng machi ne 13 conprises a cage 20 position detecting
device (not shown) such as a pulse generator and.a proximty switch, so
that the positi@avigkdt hetbagRef cage drisifdgteniedi0A fageeypaspieon signal
. P1 detected by the cage position detecting device is inputted to a w nding
control ler 15 ghé aazt dageipgsihionlfetemprhgedexnigeids. rolenge podition
signal P2 of the noving cage to be driven by the cage driving unit 10 is
detected by a an-actuator- 6.-- If2tBeptehbetor0660f8thbyi prdeadeiprdti on
detecting device (not shown) like the proximty switch, for exanple, and
inputted to theiwi AQi ng doaven)| shelboway €hgechges paRYEE omP/ Sottrol | er

16. 5 The winding controller 15 controls driving of the mjndiqg machi ne 13
‘such thaf the @aggugécgh@rgpégeagoéler 5 s¢o that the distance beétween

. the upper cage 2 and the lower cage 4 is changed.
Hereinafter, the cage to be driven by this cage driving
unit 10 is referred to as “moving cage.” According to
the present invention, the configuration of the cage

10 driving unit 10 is not restricted to any particular
one.
"The cage frame 1 loaded with the upper cage 2 and
the lower cage 4 is connected to a counter weight 12
through a rope 11 wound around a sheave 14 provided on
15 . a motor shaft of a winding machine 13. With a rotation
of the sheave 14 driven by the winding machine 13, the
- cage frame 1 is lifted up/down to an opposite direction
vertically to and with the counter weight 12 1like a
well bucket. The winding machine 13 comprises a cage
20 _position detecting device (not shown) such as a pulse
generator and.a proximity switch, so that the position
of the cage frame 1 is detected. A cage position.
signal Pl detected by the cage positiqn detecting
device is inputted to a winding controller 15 and a
- 25 - cage position detecting device 16..
A cage position signal P2 of the moving cage to be

driven by the cage driving unit 10 is detected by a




constant accel eration according to the cage position signal Pl of the cage
frame 1 and maintains its rated velocity and after a 1d&spiemdédzoosfloor is
determ ned, 10 it decelerates at a constant deceleration and stops at the
destination floor. The cage position controller 16 has a nenory 17 which
stores inter-floor distance information corresponding to a floor height

di mensi on of each 15 floor. The cage position controller 16 controls the
cage driving unit 10 so as to adjust a reBative distance between the upper
cage 2 and the lower cage 4 corresponding to the inter-floor distance of
the destination floor based on the inter-floor distance 20 information of
the destinati omoflingr catjer pdsiinibhi deteetbny ddvidbemdheshbwt ancieedet ween
the cages is adjusted during an el evator operation, the cage driving unit
10 operates ashtopkowsmithesudiobt nfotr epampiéeomnnd hmput@sd eaecut ed only
in the deceleration period of the elevator (w nding machine) unlike the
convent i onal éhanwhedlbgtCphéraﬂﬂaSthén@n@péh%l¢@mﬁ|BO%%#¥¢@d out 12

Sept enber 2006 9 since a time when a constant velocity period starts from
its accel erati 6ANPEPLSET LR-this case, because initially, no destination

fl oor |s determ ned, first t he adj ustnent _operation |s rovis'%ﬂ?lly
~executed®at 5 prede@é?nﬁﬁ@élﬁglSEPFyo%ﬂeraﬁa PREFOL RedHLEL R AR

winding machine 13 such that the cage accelerates at a
constant acceleration according to the cage position
signal Pl of the cage frame 1 and maintains its rated
velocity and after a destination floor 1s determined,

~ 10 ‘it decelerates at a constant deceleration and stops at
the destination floor.

The cage position controller 16 has a memory 17
which stores inter-floor distance information
corresponding to a floor height dimension of each

15 floor. The cage position controller 16 controls the
cage driving unit 10 so as to adjust a relative
distance between.the upper cage 2 and the lower cage 4
corresponding to the inter-floor distance of the
destination floor based on the inter-floor distance

.20 - .. Iinformation of the destination floor stored in this
memory 17. |

When fhe distance between the cages is adjusted
during an elevator operation, the cage\driving unit 10
operates as follows. The adjustment operation is not

25 .executéd only in the deceleration period of the
elevator (winding_machine) unlike the conventional

example, but the adjustment operation is cérried out




floor is determ ned, the operation velocity is changed fromVl to V2 and
the cage driving unit 10 is controlled so as to adj ust2 epemgéSioasce

bet ween the wupper and | ower cages corresponding to the inter-floor 10

di stance of the destination floor. The control operation will be described
in detail wth reference to FIG 4. FIG 4 is a characteristic view
showi ng an exanple of the operation velocity pattern at the tine of inter-
15 cage di stance adjustnent of the doubl esdeck el evator according to the
first enbodi ment of the present invention. This indicates an operation
velocity pattern in case where the cage driving unit 10 is so constructed

as to drive ongigagea(toMer whdfea dedgsant 'welod ey dbderdd gt ft<el evat or
advancenent. Its ordinate axis indicates the velocity while the abscissa

axis indicatesrbhmetsCuevel Skhtisodigat£6dan Dpetiais ofaseelmaidusepat tern of
t he wi ndi ng machine (velocity change of the cage frane 1), curve S12
i ndi cates a 25ime¢tdeailly, changesoindhiomoflogr chgeddtemeinahgefi4)stand curve
S13 indicates an operation velocity pattern of the cage driving unit 10.
12 Septenber 2086 adfuFheentndbagabohi he dBoybptake hyy iexalattwd atcage
franme 1 which noves in an elevator path with the driving of the w nding
machi ne 43) i spaedeternivadunelocity cohstamd &tk the destématdemand at
_tlnE ti, Fhe floor is determined, the operation velocity is changed
from V1 to V2 and the cage driving unit 10 is
controlled so as to adjust the distance between the
upper and lower cages corresponding to the inter-floor
10 distance of the destination floor.
The control operation will be described in detail.
with reference to FIG. 4.
FIG. 4 is a characteristic view showing an example
of the operation velocity pattern at the time of inter-
15 cage distance adjustment of the double deck elevator
according -to the first embodiment of the present
invention. This indicates an operation velocity
pattern in case where the cage driving unit 10 is so
constructed as to drive one cage (lower cage 4 here) in
20 -~ the direction of elevator advancement. Its ordinate
axis indicates the velocity while the abscissa axis
~indicates timé. Curve S11 indicates an operation
-velocity pattern of the winding machine (velocity'
éhange of the cage frame 1), curve Sl2 indicates a
25 -veiocity Change of the moving cage (lower cage 4) and

¢urve $13 indicates an operation velocity pattern of

the cage driﬁingIUnit 10.




5 accel eration stops and then, constant velocity operation starts at tine
t12. Then, if a destination floor of the cage frame lzisep@aibersiosed, the
decel eration operation starts at tinme t13 and a constant decel eration
velocity is maintained between 10 tine t14 and tinme t15. Then, the

decel eration stops in the period fromtine t15 until tinme t16 in which
safety stop is achieved. Here, the cage position controller 16 starts

i nter-cage di stance adjustnment operation io a period 15 fromtine tll to
time t12 at which the w nding machine 13 changes fromits accel eration
operation to a constant velocity operation, corresponding to an operation
pattern of the w ndimg mRGkIiRY k3 te aaNt(pLaking ¢AYGHREYI nea?@lt 10 so
as to change a 20 di stance between the cages at a Constant velocify V1 at

Ctinme t12. Wen fxagestli paticBnmbleer igf ahhelesdeotrgaehlwith €dgter m ned and

the wi nding machine 13 is changed fromits constant velocity operation to

~decel eration ehewdtigont the wagdipgsikkichineonBfolibescdbleabtoiatwsin 25

velocity V2 such that the adjustment operation is conpleted at tine t16
when the cage far @amaslagtopslatitiyhésdestichatii endf hbotimdheh], t hieecage
driving unit 10 12 Septenber 2006 11 is so controlled that, in a period

fromtinmP t13 Beceliemption @hensaapdetibenr ninrdtartevetaciby vel ocity is

reached, velocity change fromvelocity VI to velocit ) .
¥ - operatioh starts-at time t12. Then, if a destination

-floor of the cage frame 1 is determined, the
deceleration operatibn starts at time tl3 and a
constant deceleration velocity is maintained between
i0 time tl4 and time tl15. Then, the deceleration stops in
the period from time t15 until time t16 in which safety
stop is achieved.
- Here, the cage position controller 16 starts
inter-cage distance adjustment operation in a period
15 from time tll to time tl2 at which the winding machine
13 changes from its acceleration operation to a
constant velocity operation, corresponding to an
‘operation pattern of the winding machine 13 and
controls thé cage driving unit 10 so as to change a
.20 distance between the cages at a constant velocity V1 at
time t12. When a destination floor of the cage frame 1
is determined and the winding machine 13 is changed
from its constant velocity operation to deceleration
dperatiOn, the cage position controller 16 calculates a
25 velocity V2 such that the adjustment operation is
=a¢ompleted at time t16 when the cage frame 1 stops at

the destination floor. Then, the cage driving unit 10




V2 is conpleted and the inter-cage distance adjustnent 5 operation is
conpleted in the period fromtine t15 to tine t16. The gap@RbY: 2bde St ores

i nformation about the inter- floor distance of each floor and the cage
position controller 16 obtains V1 and V2 as foll ows based on the 10
information stored in the nmenory 17. Velocity VI is a tenporary velocity
until a destination floor is determned. At tine til when the w nding
machine 13 is transferred fromits accel ethtion operation to its constant
vel ocity operation, the 15 inter-floor distance information of a floor at
which the cage frame 1 may stop is read out fromthe nmenory 17 and then,
this velocity ¥k iss eahtubated hased oA anpeavesageonftifie tnsetof | oor

di stance information, an average of a tine until each stoppable floor is
reached 20 andtfimet hdd ahdnstapeedbétweénetindecaesation colsehnty id ne.
Further, as for the velocity V2, at tinme t13 when the w nding nmachine 13
i.s transferredrearched svednstiaizt chasbecEtymopetation Vb tosvelkoelisr ati on
operation after 25 a destination floor is determned, the inter-floor

di st ance i nf or Mgt -6ncefPihéedesninabeobntébocage deatanoatadjosndret nenory
17 and then, the velocity V2 is_12 Septenber 2006 12 cal cul ated based on
the inteP-fl ooPPaFataRRelsi RPBPABEREBNLBT thaaperbad | ART oRiMe 0ok> &P peri od
of time t16.

The memory 17 stores information about the inter-
floor distance of each floor and the cage position
controller 16 obtains V1 and V2 as follows based on the

10 - information stored in the memory 17.
Velocity V1 is a temporary velocity until a
destination floor is determined. At time t1l when the
- winding machine 13 is transferred from its acceleration
operation to its. constant velocity operation, the
15 - inter-floor distanﬁe information of a floor at which
‘the cage frame 1 may stop is read out from the memory
17 and then, this velocity V1 is calculated based on an
-average of the inter-floor distance information, an
average of a time until each stoppable floor is reached
20 -:and further a distance between the cages at a current
time.

Further, as for the velocity V2, at time t13 when
the winding machine 13 is transferred from its constant
velocity operation to its deceleration operation after

25 a destination. floor is determined, the inter-floor

~ distance information of the destination floor is read

out from the memory 17 and then, the velocity V2 is




time fromt13 to t16 (that is, tinme required after deceleration starts
until a cage is stopped at the 5 destination floor) andsepgmgérsoasce
between the cages at a current tine. If the cage driving unit 10 is
controlled, one cage is noved so as to adjust the distance between the
cages during an el evator operation. In this case, 10 because the sane
operation pattern S11 as an ordinary elevator is adopted in the upper cage
2 which is a fixed side cage, passengersgodo not feel any disharnmony due
to a velocity change for the inter-cage distance adjustnment. On the other
hand, a velocity change S13 15 due to the inter-cage di stance adjustnent by

the cage  drivLOgeHTbtodOnkaeadindcho Lheovetnodi vychanag, of the | over

cage 4, which s a noving de cage Because t he

‘inter-cage i siﬁfsfmééwﬁta?nkhaep&égﬁmméncmwd DUYe£05d @spondi ng t o
the operation 20 pattern S11 of the w ndi ng mechi ne 13 at this time,

passengers hardi¥ef eebndi shatgopyssochbatis) dinge £oGlOrdd isfowt | ost.
Because the inter-cage distance adjustnment starts before the el evator

~enters its congtaBle¥et06ht ¥yt2btopenail o, cide hdj sisdpmed 4 nehe s prol onged
and as conpared to a conventional case of carrying out the adjustnent
oper atiob onlydestihattflenefeoat) oangethoddidarSeptleabeser?006 dByerdj ust nent
vel ocity necessary at that time can be
at a current time.
“If the cage driving unit 10 is controlled, one
cagé is moved so as to adjust the distance between the
cages during an elevator operation. In this case,
210 because the same operation pattern S11 as an ordinary
elevator is -adopted in the upper cage 2 which is a
fixed side cage, passengers do not feel any disharmony
.due to a velocity change for the inter-cage distance
. adjustment. On the other hand,_amYQEQQityighangQWSlB
15 - due to the inter-cage distance adjustment by the cage
driving unit 10 is added to the velocity change of the
lower cage 4, which is a moving side cage (812 = S11 +
813} . Because the inter-cage distance adjustment
_operation is carried out corresponding to the operation
20 . - -pattern S11 of the winding machine 13 at this time,
passengers hardly feel disharmony so that riding
comfort is not lost.
_Because the inter-cage distance adjustment starts
before the elevator enters its constant velocity
25 _ operation, the adjustment time is prolonged and as

compared to a conventional case of carrying out the

adjustment operation only in the deceleration period,




reduced. Therefore, a small cage driving unit 10 can neet this demand
thereby achi eving reduction of the power supply capaqgbi¥pembertdogs nunmber of
power supply 5 cables. Further, there is such an advantage that with drop
of the adjustnent velocity, noise generated from .the cage driving unit 10
can be reduced. FIG 5 is a characteristic view show ng another exanple of
the operation velocity pattern at the tinme 10 of inter-cage distance

adj ustnent of the double deck elevator acicprding to the first emnbodi nent.
According to this exanple, a tinme for acceleration change (tll-t12",
t13'-t14', t15 -t16') is set long by controlling an accel erati on change

rate to be smaLielsiRehPapeUsHat L YnéMbeRatheat NERIt CagR: dist ace adj usting
operation is not carried out) when the cage frane 1 (w nding nmachi ne 13)

changes from apeageelier athéfefOPES akhi SH21D GagOn®t@ntng alroch tyo aper ation
and when it changes fromthe constant velocity operation to the 20

decel erati on opeeadt thhs fensequenétybyt chbeeti@raddont iahanfetlaf t he
novi ng cage can be made smaller than the case of FIG 4, so that
passengers do powefeslppilly shapaviyyi and hehe merbeagef dietancairm|jwst nent
operation. 25 FIG 6 is a characteristic view show ng still another
~ exanpl e Bf thecepéeati oFuvtheri t jhenet &g nsaeh ameadvantade i Hhaly widde
di stance adjustnment of the 12 Septenber 2006 14
. drop of the adjustment velocity, nolse generated from
.the cage driving unit 10 can be reduced.
FIG. 5 is a characteristic view showing another
example of the operation velocity pattern at the time
10 of inter-cage distance adjustment of the double deck
“elevator according to the first embodiment. According
to this example, a time for acceleration change
(£11-t12’, t13/-tl4’, t157-tl16’) is set long by
“controlling an acceleration change rate to be smaller
15 than usually (when the inter—cage distance adjusting
operation is not carried out) when the cage frame 1
(winding machine 13) changes from an acceleration
‘operation to a constant“velocity operation and when it
changes from the constant velocity operation to the
20 ‘deceleration operation. “Conéequently, the acceleration
- change. of the moving cage can be made smaller than the
case of FIG. 4, so that passengers do not feel
'disharmony in the inter-cage distance adjustment
- operation.
25 | FiG[.G is a characteristic view showing still

another example of the operation velocity pattern at

the time of inter-cage distance adjustment of the




doubl e deck el evator according to the first enbodinent. This diagram shows
an operation velocity pattern of a case where the cage sdptemb&rRoosit 10 is
.so constructed to drive two cages (upper cage 2 and |lower cage 4) to 5
opposite directions to each other. The ordinate axis indicates the
velocity while the abscissa axis indicates tinme. Curve 511 indicates the
operation velocity pattern of the (velocity change of the cage frane 1)
~of the winding nmachine 1, curve S12 indigates 10 a velocity change of one
cage (lower cage 4) driven in the direction of the el evator advancenent,
curve S12' indicates a velocity change of the other cage (upper cage 2)
driven in an oppasiseqdiresiéondp dhe ABVates tdvaneamioddineeti.on and
curve S13 indicates an 15 operation velocity pattern of the cage driving
unit 10. In cAses ofi dgenf s19eat d0opdr i &b ol giage paiterrdidiven in
opposite directions at the sanme tine, the sane control as the case of a
configuration éfmsahiicdre obhy ©age cagevisg dirnMen Gsi deserddretiucteldG 4 is
20 carried out. That is, the cage driving unit 10 is controlled as

foll ows. The chgedpiséttwn cames ol hmped cagd & tand tlowan eragsade diost ance
adj ustment operation in a period fromtinme tll to tinme t12 at which the
wi ndi ng 5 machi sepd3i chahbesctions i te endelatlxy on Bperaidigibe ax1s25
constant velocity operation, corresponding to an operation pattern of the
“wi ndi ng machi nEndBcakrls EontYolect he Wagee dihis/iahkp @iiite 8% as to change a
12 Sept enber 2006

indicates time. Curve S11 indicates the operation
velocity pattern of the (velocity change of the cage
frame 1) of the winding machine 1, curve S12 indicates

10 a velocity change of one cage (lower cage 4) driven in
the direction of the elevator advancement, curve 512’
indicates a velocity change of the other cage (upper
cage 2) driven in an opposite direction to the elevator
advancement direction and curve S13 indicates an

15 operation velocity pattern of the cage driving unit 10.

In case of a configuration in which two cages are

driven in opposite directions at the same time, the
same control as the case of a configuration in which

only one cage is driven as described in FIG. 4 is

20 carried out. That is, the cage driving unit 10 is

.controlled as follows. The cage position controller 16
starts its inter-cage distance adjustment operation in
‘a period from time tll to time tl2 at which the winding
ﬁachine 13 changes from its accelefation operation to a
25 constant velocity opération, corresponding to an
operation pattérn of the winding machine 13 and

controls the'cage‘driving unit 10 so as to change a




15 di stance between the cages at a constant velocity V1 at tinme t12. Wen
a destination floor of the cage frame 1 is determ nedo@Rptehb& 20b&1di Ng
machine 13 is changed fromits constant velocity operation to deceleration
5 operation, the cage position controller 16 calculates a velocity V2 such
that the adjustnent operation is conpleted at tinme t16 when the cage frane
1 stops at the destination floor. Then, the cage driving unit 10 is so
controlled that, in a period fromtine tlBsto 10 tine t14 when a
predet erm ned decel eration velocity is reached, velocity change from
velocity V1 to velocity V2 is conpleted and the inter-cage distance

adjustrent  opeyathaiicl otRaBheLAd LDgLheapeL! OohLEGM [ aRoddSy oy di e

t16. 15 If the cage ving unit control In this way, the upper

and | over Cage%lﬁ%etEQVedeHﬁ'die§£§M§E96nOP§69£'Qﬁ t189 @syd OrBdhdist the
di stance between the cages. In this case, a velocity change S13 for the

i nter-cage di siangere2fiustinBAl tHeaPPhiefgt AaeBRChe 203 of s tdiear@ymd ng cage
(lower cage 4) driven in the advancenent direction of the cage driving

~unit 10 and tleonoyitegceageantupptociageo@derdtiventd ndede ogposide
direction to the el evator advancenent direction (S12 = S11 + 513, 512' =
S11 - 513). Beopasettibe,25hentegecpgeitisthancetad] Ust nehtcaberldtien d s
carried out corresponding to the operation pattern 511 of the w nding
‘machi ne 13 |'i keelheltas¥2obuFhGhat phssadgestment operation is

completed at time tl16 when the cage frame 1 stops at
the destination floor. Then, the cage driving unit 10
is so controlled that, in a period from time tl1l3 to

10 time t14 when a predetermined deceleration velocity is
reached, velocity change from velocity V1 to velocity
V2 is completed aﬁd the inter-cage distance adjustment
cperation is cbmpleted in the period from time t15 to
time tl6.

15 If the cage driving unit 10 is controlled in this
way, the upper and lower cages are moved during
‘elevator operation so as to adjust the distance between

.- the cages. 1In this case, a velocity change S13 for
the inter-cage distance adjustment is applied to each
.20 -of the moving cage (lower cage 4) driven in the
‘advancement direction of the éage driving unit 10 and
the moving cage: {upper cage 2) driven in an opposite
direction to the elevator advancement direction
(512 = S11 + S13, S12’ = S11 - S13). Because the

25 . inter-cage distance adjustment operation is carried out

corresponding to the operation pattern Sil of the

winding-machine 13 like the.case of FIG. 4, passengers




12 Septenber 2006 16 in both the cages hardly feel disharnony so that a
riding confort is not lost. Further, because the intenzgﬁﬁgmg&gbg@ce
adjustnment tinme is set |longer than the conventional 5 nethod |ike the case
of FIG 4, the adjustnment velocity can be reduced, thereby achieving
reductions in the power supply capacity of the cage driving unit 10, the
nunber of power supply cabl es and noi se generated from the cage driving
unit 10. 10 According to the first enbodimgnt, inter-floor distance
information of each floor is stored in the nmenory 17 and the cage position
controller 16 reads out the inter-floor distance information relating to

the destinatignR Hhbedr theopryEe ABPRIY #de$048ShiAnoP) add ot he operation
velocities Vi, V2 of the cagé driving unit 10. Alternatively, it is

perm ssi bl e torhavagsuehroatcosf hgdrabken in which V1 and V2 are cal cul ated
for every conbination allowi ng the elevator to operate between respective
- floors of a buildi nguithat,i beceueeytR8 patteroayhbi dhstdhows the cage frane
1 to operate between the respective floors) and the calculation results
are stored in tHgustmeny timasia dataltapée. th&onskeguemnitentiewenl if the Vi
and V2 are not cal culated, the cage driving unit 10 can be controlled by
readi ng 25 outmdghadabbdle Vheapds&20frBAREt hé, neheradins tnery stgdodidduci ng a
| oad on processing in the cage position = ) ,
: can be reduced, thereby achieving reducticns in the
power supply capacity of the cage driving unit 10, the
number of power supply cables and noise generated from
the cage driving unit 10.
10 According to the first embodiment, inter-floor
distance information of each floor is stored in the
memory 17 and the cage position controller 16 reads out
the inter-floor distance information relating to the
destination floor from the memory 17 so as to obtain
15 the operation velocities V1, V2 of the cage driving
unit 10. Alternatively, it 1s permissible to have such
a configuration in which V1 and V2 are calculated for
every combination allowing the elevator to operate
between respective floors of a building (that is, every
20 .. pattern which allows the cage frame 1 to operate
between the respective floors) and the calculation
results are stored in the memory 17 as a data table.
Consedquently, even if the V1 and VZ are not calculated,
the cage driving unit 10 can be controlled by reading
25 out data about V1 and V2 from the memory 17, thereby

feducing a load on processing in the cage position

controller 16.




controller 16. 12 Septenber 2006 17 According to the first enbodi nent of
the present invention, a double deck el evator conpri s@septembér2dbg1g machi ne
which [ifts up/down a cage frane |oaded with two cages in a vertica
direction; 5 a cage driving unit which changes a relative distance between
upper and | ower cages; and a cage position controller which starts an
inter- cage distance adjustnent operation of the cage driving unit al npbst
at the sane tine when the wi nding machine 10 is shifted froman

accel eration operation to a constant velocity operation, and changes an
operating velocity of the inter-cage distance adjustnment operation

corresponding. to a ﬂ%%%k??%ﬁ?@ofkﬁgrf%EEPSEmBBdEH§n§aB? thé Brydian: the

wi ndi ng nmachi ne changes the constant 15 velocity operation to a

decel eration opeiaht9Bnaf beponbhe deski 8abifot| 86hpl Ssélet er m ned, wher eby
conpleting the inter-cage distance adjustnment operation alnost at the

sane tinme when the w pdhagdneeelicRénst @RSchAsi deschppaswabaveagal fmsie at the
sanme tinme when 20 the wi nding machi ne changes fromthe accel eration
operation to theadedswanh ¥ebochygsoparatven;ithr dirn¢etiaage adj ust nent
operation is started and alnost at the same tine when the w nding nachine
changes Brom the censtaget dvélvéoigt ynépewhicbnchanghe decelativé on 25
operation, the operating velocity of the inter-cage
_ - ~distance between upper and lower cages; and
a cage position controller which starts an inter-
cage distance adjustment operation of the cage driving
-unit almost at the same time when the winding machine
10 is shifted from an acceleration operation to a constant
velocity operation, and changes an operating velocity
0of the inter-cage distance adjustment operation
corresponding to a destination floor almost at the same
time when the winding machine changes from the constant
15 velocity operation to a deceleration operation after
the destination floor is determined, whereby completing
the inter-cage distance adjustment operation almost at
the same time when the winding machine stops.
As described above, almost at the same time when
20 - the winding machine changes from the acceleration
operation to the constant velécity operation, the
inter-cage adjustment operation is started and almost
at the same time when the winding machine changes'from
fhe constant velocity operation to the deceleration
25 ©  operation, the operating velocity of the inter~cage
édjuétmentioperation is changed corresponding to a

destination floor. Then, almost at the same time when




adj ust nent operation is changed corresponding to a destination floor.
Then, alnost at the sane tinme when 12 Septenber 2006 1:8ehiembyizogé ng
machi ne stops at the destination floor, the inter-cage adjustnent
operation is conpleted. Because the inter-cage adjustnent operation is
carried out corresponding to the operation pattern of the elevator 5

(wi ndi ng machi ne) conprised of acceleration, constant velocity operation
and decel eration, even if a velocity chamnge due to inter-cage adjustnent
is applied at the tinme of elevator operation, passengers do not feel

di sharnony. Further, if the adjustnent tine is 10 prol onged by executing

the inter-cage @Y WSmEMNg AR QRGAN LY kRet Res@igYRI L ac6s)eratd on
period, the adjustnment velocity can be dropped. Therefore, even a snall "

capaci ty dri vi ngitssicene aditepaenitt bpehiasiocamhedicARpl et d8. ACBOESNSY tO the
first enbodi ment of the present invention, a double deck el evator

conpri ses: a wthdi rigtreacliage \aaijak thichts oppird@ibnaisagertieaeout oaded with
two cages in a vertical direction; a cage driving unit which changes a
relative 20 dicstramcednstingeroupper oprdaltaner peagesn afdthecabevaostti on
controller which starts an inter- cage distance adjustnent operation of the
. cage driving Jmindingosechineheconprisedecfhenceherathdnngcomstame s
. shifted froman accel erati on operation to_a constant
S e velocity operation and deceleration, even if a velocity
change due to inter-cage adjustment igs applied at the
. time of elevator operation, passengers do not feel
disharmony. Further, if the adjustment time is
10 prolonged by executing the inter-cage adjustment
operation early in the elevator acceleration period,
the adjustment velocity can be dropped. Therefore,
even a small capacity driving system can cope with this
embodiment.
15 : According to the first embodiment of the present
invention, a double deck elevator comprises:
a winding machine which lifts up/down a cage frame
loaded with two cages in a vertical direction;
a cage driving unit which changes a relative
20 distance bétween upper and lower cages; and
a cage position controller which starts an inter-
cage distance adjustment operation of the cage driving
unit almost at the same time when the winding machine
is shifted from an acceleration operation to a constant
25 velocity operation, and keep an operating velocity of

an inter-cage distance adjustment operation at a first

velocity V1 when the winding machine is set to the




25 velocity operation, and keep an operating velocity of. an inter-cage

di stance adjustnent operation at a first velocity Vi 1pltepeiba 20bédi ng
~machine is set tothe 1 ---------- I 12 Septenber 2006 19

constant vel ocity operation, and changes the operating velocity of the

i nter-cage di stance adjustnent operation at a second velocity V2 al nost at
the sanme tinme when the wi nding nachine changes fromthe constant 5

vel ocity operation to a decel eration oper&ion after a destination floor
is determ ned, whereby conpleting the inter-cage distance adjustnent
operation alnost at the sane tine when the w nding nmachi ne stops. As

descri bed aboveonakghst valotheysaperhtiBn)hend dWardes Wil digeacihigne
changes fromthe acceleration operation to the constant velocity
operation, theveilbteétycagetadj istarnatagpedattance sadiwstmwehtand when t he
wi ndi ng machi ne enters into the constant velocity, the cage adjustnent is
carried out atopheatebocatyaViecdbdWiehothey \Wahdhgpstacdi neherdagres i nt o
deceleration operation after a destination floor is determ ned, the cage
adj ustment is tamei edeputhat wihdingl nethyng2chamBpenubeon Hdie aapngia@sitt i on
adjusting unit drives the cage driving unit at the velocity V1 while the
~wi ndi ng 20 nmacKRABCiLEYroRehEtaoRoRet antevel okation tare XAl t3f tefefer at ed
in the cage begones constant and, while the )
: ST estination floor is determined, whereby completing the
inter-cage distance adjustment operation almost at the
same time when the winding machine stops.
As described above, almost at the same time when
10. the winding machine changes from the acceleration
operation to the constant velocity operation, the
intef—cage adjustment operation is started and when the
winding machine enters into the constant wvelocity, the
cage adjustment 1s carried out at the velocity V1.
15 When the winding machine enters into deceleration
operation after a destination floor is determined, the
cage adjustment is carried out at the velocity V2.
Because the cage position adjusting unit drives the
cage driving unit at the velocity V1 while the winding
2Q -machine is run at a constant velocity, the velocity
generated in the cage becomes constant and while the
winding machine is decelerated at a constant velocity
also, the cage. position adjusting unit drives the cage
driving unit at the velocity V2. Consequently,
25 deceleration velocity generated in the cage becomes

constant. Therefore, when the elevator is run, it can

be operated without making passengers feel disharmony




wi ndi ng machine is decelerated at a constant velocity also, the cage
position adjusting unit, drives the cage driving uniti2&eptbiBervBb®City V2.
Consequently, 25 deceleration velocity generated in the cage becones
constant. Therefore, when the elevator is run, it can be operated w thout
maki ng passengers feel disharnony 12 Septenber 2006 20 even if the cage
adjustnent is carried out. Further, the adjustnent velocity can be | owered
by executing the inter-cage adjustnment gperation early in the el evator
acceleration period so as to decrease the adjustnent 5 velocity, so that
even a small capacity driving system can cope with this enbodi nent. The

doubl e deck e!@¥@h°ifﬁ%ﬁefEé?@eédﬁﬁﬁPﬁéﬁﬁsié cABPDEY M Ch BLongs,
inter-floor distance informafion of each floor of a building. The cage

position contrehbergilstR¥ntedd1 bl tiheah MbET 1 dk@OEa dbptanceut iHpromrt i on of
each stoppable floor fromthe nmenory which the cage frame may stop when

the w ndi ng naghtee-cagehhlifedthent op8eablse! €48l oin ofied adlerator t he
constant velocity operation, and calculate the first velocity V1 based on
15 an average atctheranfien-pkoboddsst anceoi ddoreamte orhanddjwatneardr age of a
time taken until the elevator reaches each stoppable floor. The velocity
VI is cabcul atedlasihyg,t he theerevéhoarsmabl arreadhfwramtviors stysted i n the
menory. 20 Because in this case, any destination floor is not
' can cope with this embodiment.
The double deck elevator may further comprises a
memory which stores inter-floor distance information of
each floor of a building. The cage position controller
10 may read out the inter-floor distance information of
each stoppable floor from the memory which the cage
frame may stop when the winding machine is shifted from
the acceleration operation to the constant velocity
operation, and calculate the first velocity V1 based on
15 an average of the inter-floor distance information and
an average of a time taken until the elevator reaches
each stoppable floor.
The velocity V1 is calculated using the inter-
- floor distance information stored in the memory.
20 .- Eecause in this case, any destination floor is not
~determined until the winding machine enters
deceleration operation, the velocity V1 is calculated
based on the average of the inter-floor distance
information of each floor which the cage frame may
25 reach énd the average of the time taken until it

reaches each floor.

The double deck elevator may further comprise a




determ ned until the w nding machine enters decel eration operation, the
velocity VI is calculated based on the average of thegzisaptembériooos di stance
i nformati on of each floor which the cage frane may 25 reach and t he average
of the time taken until it reaches each floor. The doubl e deck el evator
may further conprise a 12 Septenber 2006 21 nenory which stores
inter-floor distance information of each floor of a building. The cage
position controller may read out the int&r-floor distance information of
each floor fromthe nenory which the cage frame may 5 stop when the wi nding
machine is shifted fromthe acceleration operation to the constant

velocity opergthery aRdchakepkateihberseropd detogndy MEdasetiowmt
inter-floor distance information corresponding to the destination floor

and a tinme takgacHnkibokrherl@ Bhevaisg.r eanbesaybepdestisratéantfdbber The
velocity V2 is cal cul ated based on the inter- floor distance information
stored in the. magokyad butt hhe taserbétavsedasteste nmiomdtioor ¢%

determ ned when the wi nding machine enters into the decel eration 15
operation, theeweho€ilbprVErps thecuetmted wWhseH bhetdege i Rfamke Mavr di st ance
information corresponding to the destination floor and the tine taken
until thé cagestbranwbest 6pe windhagdeschinei bf shobied THeOW U e deck

el evator may further conprise a .
: : acceleration operation to the constant velocity

operation, and calculate the second velocity V2 based
on inter-floor distance information corresponding to
the destination floor and a time taken until the

10 elevator reaches the destination floor.

The velocity V2 is calculated based on the inter-
floor distance information stored in the memory. In
this case because a destination floor is determined
when the winding machine enters into the deceleration

15 operation, the velocity V2 is calculated based on the
- inter-floor distance information corresponding to the
destination floor and theé time taken until the cage
frame stops at the destination floor.

The double deck elevator may furtherlcomprise a

20 -memory which stores the first velocity V1 and the
second velocity V2 for each operation pattern of the
cage frame as data table. The cage position controller
may read out the first velocity V1 and the second
velocity V2 corresponding to a departure floor and the

25 _destiﬁation floor of the cage frame sb as to control
the cage driving unit.

The ﬁeloCities V1, V2 are not calculated at the




20 nmenory which stores the first velocity VI and the second velocity V2
for each operation pattern of the cage frame as data ib@p@mbdi@csage
position controller wmy read out the first velocity VI and the second
velocity V2 corresponding to a departure floor and the 25 destination floor
of the cage frame so as to control the cage driving unit. The velocities
V1, V2 are not calculated at the 12 Septenber 2006 22 tinme of elevator
operation, but the velocities V1, V2 corzesponding to the departure floor
and destination floor are read out fromthe nmenory so as to performthe-
control. 5 The cage position controller may accelerate the operating

vel ocity of th%lm%t%ﬁ-%ég%a@b§téB%%at%QhUSBHEnEh8p€é§6b£%hé%“Wlt(Véhe
velocity VI until the wnding machine is shifted fromthe accel eration

operation to thkereerpbadtnyekecthy apphatipd, randr adh@rdddriker destination
floor is determ ned, change the velocity fromVl to V2 while the w nding

machi ne i s shifflbed krenrthe eanstadh YREORELYrPPEes ads Obo tvetferm the
decel eration operation. Atimng of the velocity change of the cage 15
driving unit ovenktapd.a tinmng of an accel eration change of the w nding
machi ne and therefore, passengers in the cage never feel disharnony due to
- that acéel eration @h@nggge position controller may accelerate the
operating velocity of the inter-cage distance
adjustment operation unit to the velocity V1 until the
winding machine is shifted from the acceleration
operation to the constant velocity operation, and after
10 the destination. floor is determined, change the
velocity from V1 to V2 while the winding machine is
shifted from the constant velocity operation to the
deceleration operation.
A timing of the velocity change of the cage
15 driving unit overlaps a timing of an acceleration
change of the winding machine and therefore, passengers
in the cage never feel disharmony due to that
acceleration change.
" The winding machine may control an acceleration
.20 - change rate when the winding machine changes from the
acceleration operation to the constant velocity
operation and from the constant velocity operation to
the deceleration operation to be smaller than a case .
where the cage driving unit does not perform the inter-
25 cage distance adjustment operation.
The operating velocity of the cage driving unit is

changed at the same timing as a timing in which the




The wi ndi ng machi ne may control an acceleration 20 change rate when the

wi ndi ng machi ne changes fromthe acceleration operati@sdembiecadnst ant

vel ocity operation and fromthe constant velocity operation to the

decel eration operation to be smaller than a case where the cage driving
unit does not performthe inter 25 cage di stance adjustnment operation. The
operating velocity of the cage driving unit is changed at the sane tim ng
as atimng in which the 12 Septenber 20063 23 w ndi ng nmachi ne changes from
the accel eration operation to the constant velocity operation or fromthe
constant velocity operation to the deceleration operation. If the

accel eration change ngah@cefinkhenwhBdsngrsRCchhBeat8e be 58E i SBbYEFati AN
usually at that tine, an influence of acceleration at the tine of

i nter-cage adj st et copertanpassesgets bpethei6AJer CArohELiedunettankhe cage
driving unit may drive one of the upper and |ower cages relative to

anot her of theveppenitagndpet@tlionetocaesdedbenh htibngopecdieni s Iper at ed
So as to settle a cage on the side which is not driven by the cage

driving unit ofhe deseilmariténnf tbengandatheofagkee dindimy nadhine igper at ed
such that the distance between 15 the upper and |ower cages beconmes simlar
to a di Aensi ofcsf sRadflesr thapgheusily desthant tonef | dorinf irnesadgd dri vi ng

uni ¢ ngy drivgaggggeggtggg ggpgﬂe time of inter-cage adjustment upon
passengers in the cage can be reduced.

The cage driving unit may drive one of the upper
and lower cages relative to another of the upper and

10 lower cages.

The winding machine is operated so as to settle a
cage on the side which is not driven by the cage
driving unit on a destination floor and the cage
driving unit is operated such that the distance between

15 the upper and lower cages becomes similar to a
dimension of a floor height of a destination floor.

The cage driving unit may drive both of the upper
and lower cages.

The winding machine is operated so.as to stop the

20 - .Cage frame in the middle of the second floor of a
destination floor.
(Second Embodiment)

A second embodiment of the present invention will
be described.

25 | | FIG. 7 is a diagfam showing the configuration of a

double deck elevator according to the second embodiment

of the present'inventidn;r In the second embodiment,




and | ower cages. The winding machine is operated so as to stop the 20 cage
franme in the mddle of the second floor of a destinatio®epteear2c06 Second

Enbodi ment) A second enbodi ment of the present invention will be
described. 25 FIG 7 is a diagram showi ng the configuration of a double
deck el evator according to the second enbodi nent of the present invention.
In the second enbodi nent, 12 Septenber 2006 24 the cage position
controller 16 and the nmenory 17 are incoiforated in the winding controller
15 as conmpared to the configuration of the first enbodinent (FIG 3). In
ot her words, the winding controller 15 5 incorporates the cage position
controller 16 dnic tdege mpewhrmioh7 candrbhé ewi fdi agdcoheérnehery157i sseles a
control instruction to the winding machine 13 and a control instruction to
the cage drivi AgapiiroreGedTie thenvipdiRgscongsoliaea hboas dMbmpaded/2
cal cul ated based 10 on the between-floor information of each floor or its
bet ween- f | oor (4% dtyeatciodd igiaritdrRapit] Fhewfdihssuehbadtoeft gUFEEi od), - | i ke
the first enbodinent, the cage driving unit 10 is controlled as follows.
The wi ndi ng control I'& ofhedt yoresy héheswiadisgnenrptspelari b al nost at t he

sane ting when .t he mﬁn%ing gachine 13 is,shifted fromits accel eration
‘ J incorporates™the cage position controller 16 and the

memory 17 and the winding controller 15 issues a
~control instruction to the winding machine 13 and a
control instruction to the cage driving unit 10. The
memory 17 stores data. about V1 and V2 calculated based

10 on the between-floor information of each floor or its
between-floor information preliminarily.

With such a configuration, like the first
embodiment, the cage driving unit 10 is controlled as
follows. The winding controller 15 stafts the

15 adjustment operation almost at the same time when the
winding machine 13 is shifted from its acceleration
operation to the constant velocity operation. The
operation velocity is changed from V1 to V2 at the same
time when the constant velocity operation is changed to

20 . the deceleration operation and almost at the same_time
when the winding machine stops, the adjustment
operation is completed. 1In this case, the operation
pattern shown in FIG. 4 is adopted if the cage driVing
unit 10 drives one cage, while if it drives both the

25 cages to opposite directions, the opefation pafterh

~ shown in FIG. 6 is adopted.

Even if'the_winding controller 15 incorporates the




operation to the constant velocity operation. The operation velocity is
changed from V1l to V2 at the sane tinme when the constgidepaibeCicod
operation is changed to 20 the decel eration operation and al nost at the
sane time when the w nding machi ne stops, the adjustnment operation is
conpleted. In this case, the operation pattern shown in FIG 4 is adopted
if the cage driving wunit 10 drives one cage, while if it drives both the
25 cages to opposite directions, the opera%ion pattern shown in FIG 6 is
adopted. Even if the winding controller 15 incorporates the 12 Septenber
2006 25 cage position controller 16 and the nenory 17 as showmn in FIG 7,

the sanme effecicage Pheikibst conbediment 16San@btRé NREmopder 48€shown
configuration shown in FIG 7, a control 5 signal is output fromthe

w ndi ng controlineFIES 7 nthepenakedfifacanael enat of rgacéhhbedinent ts t he cage
driving unit 10 through a tail cord (not shown) and therefore, the nunber
of the cabl es obteheetail cord needs to be | arge. However, because the

wi nding 10 controller 15 and the cage position controller 16 can be :

i ntegrated, transnm $gidex Ghei nwbodiguiret ianoaovheincBhGr of , uai tenitaml be
sinplified and further, cost necessary for the control units can be
reduced. 2Accor gitf§atoifsheuspabndreRbbir nimdbrg t genprekka® 195 i nvention,

phe nge posrtEggoggg%gggdugktakselevator machine room to the cage
driving unit 10 through a tail cord {(not shown) and
therefore, fhe number of the cables of the tail cord
needs to be large. However, because the winding
10 controlier 15 and the cage position controller 16 can
be integrated, transmission of information among the
control units can be simplified and further, cost
‘necessary for the control units can be reduced.
According to the second embodiment of the present
15 invention, the cage position control unit is
~incorporated in the winding machine control unit.
Thus, control information is shared by integrating the
cage position contrcl unit with the winding machine
control unit.
20 o According to the embodiments of the present
-~ invention, the cage is accelerated at a constant
acceleration Velocity, run at a constant velocity or
-decelerated at a constant deceleration velocity
corresponding to the operation pattern of the elevator
25 (windihg machine), so that passengersrdo not feel
disharmony in a velocity change generated by the inter-

~ cage distance adjustment and can obtain the same




incorporated in the wi nding machine control unit. Thus, control
information is shared by integrating the cage positi o ge8fabel2odgit W th
t he wi nding machine control unit. 20 According to the enbodi nents of the
present invention, the cage is accelerated at a constant acceleration
velocity, run at a constant velocity or decelerated at a constant

decel eration, velocity corresponding to the operation pattern of the

el evator 25 (w nding machine), so that pasg&engers do not feel disharnony
in a velocity change generated by the inter- cage di stance adjustnent and
can obtain the same 12 Septenber 2006 26 feeling of traveling as an

ordi nary el evatf@é-liﬁgcélﬁ%ratv@@ihﬁt 85 - 8RUSrdi shapcel adh tist MTertesdiadd S
before the elevator (w nding rmachine) enters the deceleration period,
even if the adjtust iRnkrdicshanagsbehrneendihetheffgeBatss |1od Berdrtide

el evator deceleration period is short, the velocity change at the tine of
t he adjustnenelepeatati dwicdinhemsoppnessedteFartherdecsktatngra | ong

i nter-cage distance adjustnment tine can decrease the adjustnent velocity
at that tine. PhuspdlOeweenid thul hdfapheeny disvange systwerrcahaeope with
this elevator systemthereby achieving reductions in the size of the
‘power supply, EhEefufiBelastepoietheupptyatenbiiecebethgidrerradhdise. 12
Sept enber 2006

short, the velocity change at the time of the
-adjustment operation can be suppressed. Further,
setting a long inter-cage distance adjustment time can
decrease the adjustment wvelocity at that time. Thus,

10 even a small capacity driving system can cope with this

elevator system thereby achieving reductions in the

size of the power supply, the number of power supply

cables and generated noise.




27 CLAI MS 1. A double deck el evator conprising: a w nding nmachi ne
which lifts up/down a cage frame |oaded with two cagef deitemmp¥éesdoscal
direction; 5 a cage driving unit which changes a relative distance between
upper and | ower cages; and a cage position controller which starts an
inter- cage distance adjustnent operation of the cage driving unit al nost
at the sane tine when the winding machine 10 is shifted from an

accel eration operation to a constant velg@gity operation, and changes an
operating velocity of the inter-cage distance adjustnment operation
corresponding to a destination floor alnpst at the sanme tinme when the

w ndi ng machi ne changes fromthe const anty 15 wej ocity operation to a

decel eration operation after the destination floor is determ ned, whereby
conpl eting the inter:cagaidiistcanee1adusidmH valkiiel:al nost at the
sane time when the wi nding machi ne stops. 2. The doubl e deck el evator
according to claimlg widishemaidhitiee whitdi Nd faC hipieloenkr ekgeafirame

accel eration change rate when the w nding nachi ne changes fromthe

accel erati on operatddnwitth tte cegstant welecittiyalodératidonand fromthe
constant velocity operation to the deceleration operation to be smaller
than a c&se 25 wher & tdfge alyd vidmioviumg tumihti choebangesper frelattitie i nter- cage

di stance adjustnent operation. 3. The doubl e deck el evator according to
claimi, distance between upper and lower cages; and

a cage pesition contreller which starts an inter-
cage distance adjustment operation of the cage driving
unit almost at the same time when the winding machine

10 is shifted from an acceleration operation to a constant
velocity operation, and changes an operating velocity
of the inter—cage distance adjustment operation

" corresponding to a destination floor almost at the same
time when the winding machine changes from the constant

15 velocity operation to a deceleration operation after
the destination floor is determined, whereby completing
the inter-cage distance adjustment operation almost at
the same time when the winding machine stops.

2. The double deck elevator according to claim 1,

20  wherein the winding machine controls an acceleration

change rate when the winding machine changes from the
acceleration operation to the constant velocity
operation and from the constant velocity operatioh to
the deceleration operation to be smaller than a case

25 .where the cage driving uhit does not éerform the inter-
cage distance adjustment operation.

3. The double deck elevator according to claim 1,




- ----- I - ------ 12 Septenber 2006 28 wherein the cage
driving unit drives one of the upper and |ower cages 12&clcmtér d08s anot her
of the upper and |ower cages. 4. The doubl e deck el evator according to
claiml1l, 5 wherein the cage driving unit drives both of the upper and

| ower cages. 5. The doubl e deck el evator according to claim1l1, further
conprising a wi nding machi ne control unit which controls the velocity of
the cage frame by driving the 10 w ndi ngzgmchi ne, the w ndi ng nachi ne
control unit conprising the cage position control unit. 6. A double deck
el evator conprising: a w nding machi ne which lifts up/dow a cage frane

| oaded with tweEages ithed ekl keal idiyr 664 L0Ar1 §8530A896£dEhY1 MigHatni t whi ch
changes a relative distance between upper and | ower cages; and ‘a cage

posi tion contr @hlden owdirClragledr be1amivat @6- a88Rdi SFapEe aghust meant
operation of the cage driving wunit alnost at the sane tinme when the

w ndi ng machi ndo2@r gashkisf.t ed from an. accel eration operation to a constant
vel ocity operation, and keeps an operating velocity of an inter-cage

di st ance adj ust nment 4opelThte cloubtl ea dieickskelevaloei aycohdhntrtheowehaimgl yrachi ne
is set to the constant velocity operation, and changes the operating 25

-vel oci ty=of thehegedn- thge cdigst dnéwiagj usihedrives both of the upper

and lower cages.

5. The double deck elevator according to claim 1,
further comprising a winding machine control unit which
controls the velocity of the cage frame by driving the

10 winding machine, the winding machine control unit
comprising the cage position control unit.
-~ 6. A double deck elevator comprising:

a winding machine which lifts up/dqwn a cage frame
loaded with two cages in a vertical direction;

15 _ a cage driving unit which changes a relative
~distance between upper and lower cages; and

. a cage position controller which starts an inter-

cage distance adjustment operation of the cage driving
unit almost at the same time when the winding machine

20 is shifted from an acceleration operation to a constant
velocity operation, and keeps an operating velocity of
an inter-cage distance adjustment operation at a first
velocity when the winding machine is set to the
constant velocity operation, and changes the opefating

25 velocity of the inter-cage distance adjustment |
operation at a second velocity almost at the same time

when the winding machine changes from the constant




operation at a second velocity. alnost at the sane tinme when the w ndi ng
machi ne changes fromthe constant 12 Septenber 2006 2@ ssplemdbiavoeper ation
to a deceleration operation after a destination floor is determ ned,
whereby conpleting the inter-cage distance adjustnment operation al nost at
the sane tinme when the wi nding machine stops. 5 7. The doubl e deck

el evator according to claim®6, further conprising: a nenory which stores
inter-floor distance information of eact291oor of a building, and wherein
t he cage position controller reads out the inter-floor 10 distance
information of each stoppable floor fromthe nenory which the cage frane
may stop when theowtingi BgerABEBhNEoi § gbtéledaf 1M dheraecionl effidomn
operation to the constant velocity operation, and cal cul ates the first

vel ocity baseddestanaavenadeocotr fhedevéenihédprwidrelhgtengel ¢ mnifray ndtd on and
an average of a time taken wuntil the elevator reaches each stoppable
floor. 8. The dotbrecdgekdébtunteradiestuény ¢pechinion 63lmdai tadierthe
conprising: a nenory which stores inter-floor distance 20 information of
each floor of &apai kdiragwhandthhevending Heachiee ppsd®s$on control | er reads
out the inter-floor _ distance information of each floor fromthe nmenory
which thé cage frang- -mayhst epuphenderk M AHRREr N@ERPRGINY sSt3HF¥3EY §7 om t he

accel erati on o%er tion to the,
S uxr er comprilising:

a memory which stores inter-floor distance
information of each floor of a building, and wherein
the cage position controller reads out the inter-floor

10 distance information of each stoppable floor from the
memory which the cage frame may stop when the Winding
machine is shifted from the acceleration.opeiatidn to
the constant velocity operation, and calculates: the
first velocity based on an average of.the inter-floor

15 | distance information and an average of a time taken
until the elevator reaches eaéh stoppable floor.

8. The double deck elevator according to claim 6,
further comprising:

a-memory which stores inter-floor distance

20 ~information of each - floor of a building, and wherein
the cage position controller reads out the inter-floor
distance information of each floor from the memory
which the cage frame may stop when the winding machine
is shifted from the acceleration operation to the

25 "constant velocity operation, and calcﬁlates the second
velocity based on inter-floor distance information

corresponding to the destination floor and a time taken




25 constant velocity operation, and cal cul ates the second velocity based
on inter-floor distance information corresponding to fblRpdastizesi on floor
and a tine taken 12 Septenber 2006 30 until the elevator reaches the
destination floor. 9. The double deck el evator according to claim®6,
further conprising: a nenory which stores the first velocity and the 5
second velocity for each operation pattern of the cage frane as data
tabl e, and wherein the cage position cond®oller reads out the first
velocity and the second velocity corresponding to a departure floor and
the destination floor of the cage frame so as to control 10 the cage
driving unit. iftiThé¢hdoubkeadeeck rebetasothacdostingtionctrbdr 6, wherein
the cage position controller accelerates the operating velocity of the

i nter-cage di stance 9.adjThet menb lepeeatk edeuntdrt actbedingstovelamtdy, unti |
15 the winding machine is shifted fromthe acceleration operation to the
const ant vel ociftyrtbgar apinphisand:after the destination floor is

determ ned, changes the velocity fromthe first velocity to the second
vel ocity ~while theaw'sBPEY WhéRPnEtpgeshitheedirsbnyehectbrisardt thre

vel ocity_operation to the deceleration operation. 11. The doubl e deck
el evat oraccor §EREHoVELAFATE, TORNBRENNOPREA 1 o1 RRE Helthi fe EohtFaHs an

acceleration change,Latg, uen,18e W diRg, JRchiNe changes fromthe
controller reads out the first velocity and the second
~velocity corresponding to a departure floor and the
destination floor of the cage frame so as to control
10 the cage driving unit.

10. The double deck elevator according to claim 6,
wherein the cage position controller_accelerates the
operating velocity of the inter-cage distance
adjustment operation unit to the first ﬁelocity until

15 the winding machine is shifted from the acceleration
-operation to the constant velocity operation, and after
the destination floor is determined, changes the
velocity from the first velocity to the second velocity
while the winding machine is shifted from the constant

20 .- velocity operation to the deceleration operation.

11. The double deck elevator according to claim 6,
wherein the-winding machine controls an acceleration
change rate when the winding machine changes from the
acceleration operation to the constant velocity

25 operation and from the constant velocity operation to
the decelefation operation to be smaller than a case

where the cage driving unit does not_perfotm the




accel eration operation to the constant velocity 25 operation and fromthe
constant velocity operation to the decel erati on oper ariSepteinbertmosmal | er
than a case where the cage driving unit does not performthe 12 Septenber
2006 31 inter-cage distance adjustnment operation. 12. The doubl e deck

el evator according to claim®6, wherein the cage driving unit drives one of
the upper and |ower cages relative to another of the upper and 5 | ower
cages. 13. The doubl e deck el evator accor®@ing to claim®6, wherein the cage
driving unit drives both of the upper and |ower cages. 14. The doubl e deck
el evator according to claim®6, 10 further conprising a w nding machi ne

control unit waheBr-eagkr aisthRBcVEh9eEtNeRt &PEersedenframe by driving the
wi ndi ng machi ne, the w nding machi ne control unit conprising the cage
position control umkt. The double deck elevator according to claim 6,
wherein the cage driving unit drives one of the upper
and lower cages relative to another of the upper and
5 lower cages.

13. - The double deck elevator according to claim 6,
wherein the cage driving unit drives both of the upper
and lower cages.

14. The double deck elevator according to claim 6,

10 further comprising a-wiﬁding machine control unit which
controls the velocity of the cage frame by driving the

winding machine, the winding machine control unit

comprising the cage position control unit.




