- - LEVELLI NG APPARATUS FOR AC ELEVATOR 1 This invention=*. °
_ tes to controlling of an AC elevator driven by an induction notor and ~
e particularly to a |evelling apparatus suitable for improvin the stop’
posi‘tion or |landing'level of the AC elevator at a target go’f 1B dr 2o
Generally, DC notors have hithergto=-been used widely as drive notors for /
~elevators which are required to provide highly accurate controlling over a(T
wi de range and give a confortable feeling to passengers in the elevator. 10
However, the DC drive notor cooperative with a mechani cal rectifying
mechani sm suf figaseris G VRSP USTUS SHGR CAC OBSEVARBIRbY. | n recent years,
therefore, varTous Types of elevators driven by robust and inexpensive
i nduction notors of sinplified structure have been devel oped and practi ced.
15 O such elevators wth the inductioanDtor , _an_el evat or
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rest ons™in pert ol 'owm ng types of controllihg: 25 (1)
The 9d.Lss-drive induction notor, even when

A Generally, DC motors have hitherto been used

widely as drive motors for elevators which aré'required to
provide highly accurate controlling over.a wide range and
give a‘comfortable feeling to §as$engers in the elevator.

10 However, the DC drive mpéqr cooperative with é mechanical (f.
rectifying'mecﬁanism suffefs f;om various restrictions
thereby. In recent years, therefore, various types of
elevators driven by rbbust and inexpensive induction motors
of simplified structure have been developed and practiced:'

15 Of such elevators with the induction motors, an

elevator syétem disclosed in, for example, U.é. Patent No.

3,876,918 has been widely used in which sﬁeed controlling is

effected by controlling the primary voltage.

The elevator in this system, because of its nature

o

20 Sased on.the primary voltage controlling, is implemented in
the form of an elevator without gears or gearléss elevator -
using, for example, the Ward-Leonard system or the thyristor-
Leonard system and inevitably undergoes restrictions in
performing the following types of controlling:'

25 () The gearless-drive induction motor, even when
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-2- 1- used for an elevator of a high speed of 360 mimn, has a rated -
revol ution<of 200 r.p.m or less. Therefore, when an el evator of a | ower
rated speed than 360 minin is desired to be controlled near a rated

revolution of an 5 induction notor on the basis of the primary voltage
congyelling, this induction motor nust. hawe a | arge nunber of poles; (2)

The controlling of the induction notor contains a variety of non-Ilinear

factors apd tbedi HwChnoRleRavor £l HidH Ehded 51380 YnARiv f Chagvgr such -
a w de control range as attained by-the DC notor; and (3) In DC .

gear| ess el eyatedsrewoliatdan of 1200dimnep . /ri.owr |esd. cThexdfowe ppelidhni on is
effected whereby a small difference between the floor |evel of the el evator
‘car and 15 &heelkwvertoreodl aoflowesr i Spemd thania&ktmtmimdisontrol | ed
to zero. Under the primary voltage control, however, such an operation is

i nval i dat ed 8padzedctor hee con leghinednt imgratedirelutien 9| near
zero.speed. As described above, while the existing DC gearless 20 el evator-

can real i 2e ¥BAPCELILB MEROTLFB S Patif ff dhe iBriRary (YRL4RI| evat or

driven by the indugti,on Qr suhject, to the primary voltage controlling is
al nost | )r/rposg?BF€°§'§!"P§aer}%;‘é'sv&rnl "t%é‘?*tﬂgéﬁ’rﬁtr ﬁ'ﬁ‘ﬁ'\ga | g%rﬁﬂ“%%\g/e.

To achi eve tgg Ieﬁel_correction_even under the 25 primary voltage
controlling, nP8I-&F4t or system as disclosed in U S. Patent No. 4,094, 385

has been proggged. A1 ifduebhiRdTHiHg YE' e drdduddich RS MR L116s PO
L,/ , a variety of non—iinear factors and the induction motor is
| 10 difficult to stably cdntrol-over such a wide control range
as attained by the Dc.motor: and
(3) In DC gearless elevators, a so-called landing
K“) _ fl;or level cotrectiéﬁ operation is effected whereby a small
difference Eétﬁeen the floor level of the elevafo: car and
15 the floor level of the target floor is detected and
controlled to zero. Under the primary voltage control,
however, Such an operation is'invalidated since accurate
torque controlling is almost impossible near zero speed.
As described above, while the existing DC geariess
20 elevator can realize very excellent operation character-
istics, the AC elevator driven by the induction motor subject
K;ﬁ to the primary voltage controlling is almost impossible to
; réalize various types of controlling mentioned above. _
To achié?e the level correction even under the
25 priméry'voltage controlling, an elevatof system as disclosed
in U.S. Patent No. 4,094,385 has been proposed. ‘An

induction motor employed in this system has one type of

winding having a small number of poles to which an AC



mméﬁbng having a small nunber of poles ta which an AC -3- 1 voltage

cogEnsurate with a speed instruction is applied and the other having a

i

| arge number of poles to which a DC voltage attributing to a braking terque
is applied. This permts the induction notor to generate & difference
~—~<torque 5 between.the drive tofglie=and the braking torque, so that the
_elevator car can be operated at a-level correction speed. However, since
del i vel eaged commensunate ovittlold i speed ihstretctionniki ppbdtiedeandhe drive
torque and the braking torque is difficult to achieve, it is inevitable
t hat theeotberchaving a slayge aiwebencdf tpelesved whiebrand€ exceeds a
predeterm ned val ue and stopped when this |level difference becones snaller.
Cons¥qlitagky attiyd butdnes &P & RrsingioteFawe kg appsiedtul Thasachi eving a
great inprovenent in controlling, fails to provide continuous |evel
cor r BEEMdR Satthes induchian aptx i rganRete AndhiieEeBCRi tRTENE | evel |
differ- ence. In _addition, the b i ng torque becones zero at zero speed in
tBe BFSHS?BdthbFEﬁW%Nfgﬁﬂﬁfriﬁéﬁ%ﬁegb¥%ﬁgﬂ% FOFIB8y r 88t FRGtakh&rount of
~unbal ance_between the,el evator. car_and fhe counterweight is difficult to be
cont?gFVﬁﬁpr F6F 560 Fﬁ%éﬁﬁFggg% s?ttﬁei?¥%£o§%ﬁr§€§f§ﬂ1PgeaaSadvantageous
|0 {RBlebbrCaR:00k Fehudldse GO 'inilitnd Y LoREEST1EAY SROgfle! O ZETO even
o] an o]

at the cos € Very conplicate expensive con i'ng_schemne.

I nci dgnbglibkshdp batuwddd tHR i v AusY#M&Mhe braking

torque is difficult to achieve, it is inevitable that the Q;J
10 elevator is operated when the level:différénqe_exceeds a | |

predetermined value and stopped when this level diffé:en¢§

becomes smaller. .chsequeﬁtly, the proposed system, though

being successful in achieving a great improvement in | kﬁ

-controiling, fails to provide continuous level correction at
15 a level correction speed commensurate with the le&el differ-

ence. In addition, the braking torque becomes zero at zero

speed in the proposed system and as a result, a torque for

correcting an amount of unbalance between the elevéto; car

and the counterweight is difficult to be cbntrolled. For &“j
20 these reasons, the proposed system is disadvantageous in that

it can not actually_cont:ol the level error and speed to

zero even af the cost of the very complicated and expensive S

controlling scheme.

Incidentally, an induction motor control system

25 based on the primary frequency controlling is available.and
;onsidered to be superior tb the primary voltage controlling

described above. In thiS'slip f:equency controlling, the .

slip frequency is directly controlled to control the torque
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25 based on the primary frequency controlling is available and considered - _
to be‘superior to the prinmary voltage controlling described above. In thiE§E3
slip frequency control,ling, the slip frequency is directly controlled to
contkol the torque =4- 1 of the induction notor, This control schene is
wel h/known in the art and. details thereof will not be described here but

f eataees thereof will be itemn zed berod. =(a) " Precise speed

confrolllng can be attained through 5 the closed |oop. (b) “Capability

of the bt ®f ctire binduetiont MPLSEd t@hpérﬁpntgpiespéeuetﬁ@nWﬁ 1 ko or .

(c) : Speed controlllng over a W de range I's possible tq_ thereby
faci |itate ¥pethfidRs #Rdo ﬁhaﬂaﬁr thexerinwill pot be descr:.gegmrqqzﬁ, but

t t | oad_and d be .h M t t f
o onanc et RSs | DrafBle R 0B 1Rhy Bl bBlent () 1o anbi et
dit f | LR f trall bl
e T e GctrHEED PRteCRRPATE Bckihett SO
cont rol énﬂ¥%§i gF%afgg described in item(2). In the level correction
speed range descCrl fen1(3), however, the slip frequency controlling

faces 20 di [y cul ti escagaBel pey BY bhe hBEoro¥eh B’ FR11yORLINIHA to
operation, for o
permit size~-reduction of the motor.
P {c) | Speed controlling ovér a wide range is possible to
%  'thereby facilitate operations through four gquadrants.
16 (4) .. .Stability-againSt variatioqs in load aﬁd speed
"~ ‘can be high.
o (e) - Mitigation of maintenance is possible to thereby
improve adaptability to.ambient ébnditions.
Therefore, the slip.frequency controlling soives
15 the problem of'the rated speed described in item (1) and in
additiqn, realizes stable control ovef a wide range described
in item (2).
\,/ ' In the level correction speed range described ip
| item (3), however, the slip frequency controlling faces
20 difficulties as below..
During the level corfgétion speedloperation, for
.example, the door of the elevator car is usually kept opened
and the induction motor is subjected to torgue disturbance
which occurs when passengers get on or off the elevator car.
25 Ih the slip frequency controliing, however, only“the slip
frequeﬁcy and primary current ére changed in response to’
variatioﬁs in torque but the phase of'current is not

controlled. Consequently, the exciting current component



Co. . | : - . B} . :
exanpl e, the door of the elevator car is usually kept opened and the
i tion notor is subjected to torque disturbance which occurs when, .
p engefs get on or off the elevator car. 25 In the.slip frequency -
controlling, however, only the slip frequency and primary current are i
changed in response to variations in torque but the phase of current 'is nqfz
controll ed. Consequently, the exciting current conponent 5 changes T
after the torque has changed, with the result that delay in torque response
is increased, making.it difficult to obtain snooth torque control during .
the | evel correction speed operation. 5 Accordingly, slip frequency
cont 1 oy lgged Nge b2 acli@leot 0 RhsTEhANG! Al N kd R LAY T Of
passengersin ﬁe el evator Car and prov de’ suffi clent %an‘&’lﬁngﬁ evel _
contr ofel Y i N0edhgué V@IpERse eLE | Dic SdResl pmiddPni e Idi ¢ al so be
noted that induction notor control 10 by vector controlling has recently
been deyeadippein sivsstiortamnie oddntgol fdusingridpo skslzeé It ddrredtdionnt: No.
3,824,437 and subsequently discussed in various articles and papers, has
now bespeed vepérktniodm. in the art. Vector controlling . involves independent
control of the torque current. and 15 exciting current conponents fed to
t e i nduct i AFIRTDIbherebip riveeqayeney Stepteo s gt whidifadyRnhe
i nduction nofo t.a high response.. The present_invention seeks to provide
a Ieve????mf gafﬁing té’mafhégih the co&gort of passengers in E P
the elevator car and provide sufficient lénding level S
control, during the level correction speed operation. s
It should also be noted that induction motor control

10 by vector controlling has recently been developed. Vector
éontrolling, first proposed in U.S. Patent Nd; 3,824,437 R ;u;
and subsequently discussed in various articles and papers,
has now become well known in the art. Vector controlling
‘involves indepéndent control of the torque current and
15 exciting current components fed to the induction motor,

thereby realizing stable speed control of the induction

motor at a high response.’ o _ ghj

‘The present invention seeks to provide a levelling

apparatus for an AC elevator which can maintain the comfort -

20 of passengers in the elevator car and provide highly
accurate levelling in an AC elevator system driven by an o {:)
induction motor. |
According to the present invention there is provided
a Ievelling apparatus fo; an AC elevator wherein an
25

~elevator car is driven by an induction motor to run between
. »

a plurality of target floors, said apparatus comprising:

a vector control unit for independently controlling a




appar.atus for an AC el evator which can maintain the confort 20 of
passengers in the elevator car and provide highly accurate levelling in an
AC el evat or systen1dr|ven by- an i nduction nmotor. According to the present * °~
i nvegntion there is provided a | evelling apparatus for an AC el evator

whgreinn an 25 elevator car is driven by an induction motor to run between

a plurality of target floors, said apparatus conprising: a vector contro

unit for i ndependentl!y controlllng a 6 torque current conponent and an
exciting current conponent fed to said induction notor; |evel detector

means for detecting a | evel difference between the floor |evel of said

target floor ahdrghe ¢ivoent conpangntofarnghian @xeidtiog carrendy sompenreast i on
speed instruction generator neans for generating a |evel correction speed

i nstruction i nfp@spensaidoladRetife Mt IS ier ence; angul ar speed detector

reans for Jetecting ferolalondd A Arespeal Al 58l 4 TolY JAnd TERs
bet ween the 0”589&82{199% ﬁo U@SfeJ%v e %{aeféar%é&%%e %%?’e Wl @rioor

gener at or nEans an hé ou sald an ar spee tector neans,

said 15 t9rqugeggirg@tséﬂgtéigaégg}tgafu; used as an instruction for the
torque current conponent of said vector control unit.

level correction speed instruction generator means
_ for generating a level correction speed instruction in
/ 'résponse to the level difference;
angular speed detector means for detecting a rotation
10 angular speed of said motor; and
means for generéting a torque current instruction on
‘the basis of a difference between the output signal of said
level correction speed instruction generator means and the
output signal of said angular speed ‘detector means, said

15 torque current instruction being'used as an instruction for
the torque current component of said vector control unit.

Embodiments of ﬁhe invention will now be described in
detail, by way of example, with reference to the
accompanying'drawings, in which:

20 : Fig. 1 is a block diagram showing a 1evellinq
apparatus for.an AC elevator according to an embodiment of
the invention; | |

Fig. 2 is a gréphical representation useful in
explaining the operational principle of the vector con-

25 trolling;

Fig. 3 is a graphic representation shdw%sg a char-

acteristic of a level correction speed instruction



Eui%urmﬁns of- the invention will now be describéd in detail, by way of
exanpl e, with reference to the acconpanying draw ngs, i-n which: 20 .
Fi'g. 1 is a block diagramshowing a levelling apparatus for an AC el evator
according to an enbodi ment- of the invention; Fig. 2 is a draphical

<. representation useful in explaining the operational principle of the vectoq_;

con- 25 trolling; Fig. 3is a grapddc representation showing a char-
acteristic of a level correction speed instruction 6a generatot used in
Fig. 1, Fig. 4 is a block diagramshow ng a |evelling apparatus for an AC
el evator _accordi ng t anogher mbodi - nment of the invention; 5 .
Figs. 5ASBRFaLBTy ée%aﬁéf fhrdi-dgrams useful in explaining the operation of

the Fig. 4 e o%%nﬁ E|F'gl°gk'alg pégcghgbagagglg fgh till another

embodi ment of "t i Ng apparatus accor ention; and 10.

Fig. 7 aﬁgargltagkfga:agﬁaﬁtsamago@na@@@pﬁﬁ@% oinothér Smdasel difference

detector“Circuit used In _
ment of the invention;

5 Figs. 5A and 5B are waveform diagrams useful in.
explaining the operationlof.the Fig. 4 embodiment;
Fig. 6 is a block diagram showing still another
embodiment of the levelling apparatus according to the \“)
invention; and |

10 . Fig. 7 is a block diagram showing_an'embodiment of

v.




The jnvention will now be described by way of exanples. Referring to Fig..
1, ttherejs illustrated a 5 |Ilevelling apparatus for an AC el evator

enbodyi ng the inven- tion. In the apparatus, a vector contr.ol unit VC as
di sclosed in the af orementioned U.S. Patent No. 3,824,437 is well known and-
only»uts portlon directly related to Thé Tnvention will be described

- h d The | | | f
Coneer e 15 geva i fetnrendehet e ﬁi%‘%ﬁ‘i?,iv%%gp b ERe oy

currents fed to an eleyatoy_drive indu I a sigting of
" a torque current conpgﬁgﬁtl Yﬁpﬁh°%x¥%¥inﬁ°¥ ﬂ?gSgQ%SQeﬁp,ggﬁ gggular
speed detector 3 for 15 detecting the rotatlon angul ar speed of the
. induction Q& ‘ower source buses [err] DC current transfornmers 5, 6

and 7 for detecting ”’ﬁ‘efé?ifﬁ'&a’ééoﬁcévaiuetﬁéréaig 911h8erAtedmay

currents, a current detector circuit for converting the detection val ues

of the D@ CUldwilll i fppZPat@E "B6F &n RcaBUevatBiOefb8aginkettles inven-
commensurate with those of a primary current calculation circuit to be

described | atiRdn. 2 Eheelvé fpparated,ta wectber cohtkbt unducvcoasmotor 2, an
el evator car 10, a counterweight 11, a main rope 12 trained around the
sheave 9 t o dimvlrsded hin ctire adHorementofédanidst heatenkt NoueiBgBR41337aiis

el evat or speed instruction generator circuit 13, a level difference

. det ect or 14wmd1(knqmnla@ﬂtmelﬂl1t§r9n§§198tﬁéénctﬁﬁ tBééteﬂe#@Itbﬁ t he

el evator car, 10 and the floor level of a target floor, a
i invention will be described hereunder.

'\J/ “10 ' The levelling apparatus comprises a freguency
converter 1 for controlling the instantaneous values of the
primary currents fed to an elevator drive induction motor 2

\#; " and each consisting of a torque current component and an

excitin§ curreht component, an angular speed-detéctor 3 for
15 detecting the.rotétion angular speed of the induction motor

2, power .source buses 4i to'43, DC current transformers 5,

6 and 7 for detecting the instantaneous value of each of the

primary currents, a current aetector circuit 8 for

U/ converting the detection values of the DC current trans- .

20 formers 5, 6 and 7 into signal levels commensurate with those
of a primary current calculétion circuit to be described
latef, é sheave 9 coupled to a rotor of the induction motor
2, an elevator car 10, a counterweight 11, a main rope 12
trained around the sheave 9 to connect the elevator car 10

25 and the counterweight 11, an elevator speed instruction
generator ci;cuit'l3, a level difference detéctor 14 for

detecting the difference between the floor level of the

‘elevator car 10 and the floor level of a target floor, a



- 5*\' | evel correction speed instruction generator 15 for convert- ing .
t %ﬁg‘evel difference into a signal |evel of |evel correction speed, a.flux
i nsYr

uction circuit 16, a speed control circuit 17 for.control which nmakes
t he actual speed 5 of the induction notor 2 equal to the instructed speed, _
a primary current calculation=crcuit 18 a torque current instruction. It ';;
fromthe-speed control circuyit 17, g flux instruction. | fromthe flux =

ilnstkenel worreetion1grerd ARSFEINGSLON FeRSRFAHAAL A HAOF fFPVSRLT i on®

detector 19 to produy 10 an.instantaneouys ,feference value ia of an aﬁaxis'
(r- 30g thetheval ofsfERTPBREI 188 pRrEH2 .e?%f}?iﬁe#orrponent and

i f lue.i of a,B-axis (j-axis i u.S. '
Pa; GRILEEREORCRPSBH -t Re FAFry IR ATHES Tt T0hrer of roui
20 i ] e N v e Lo -
con{)%?c{g#éf g?g?ﬁgigf??rgrkggggﬁlgﬁlt \éﬂf:lonvgirgtkét%gtr% ?\at%é%ﬁ]gseg%%a;sz si gnal s,

d t. Us : ) o
99 rengl gL tls o W astmlea gady gy

Si gng fmary heutbExtPealuA tddne Titiowliy A8 ta brifhd anety@st a rotation
angul ar speed w of the rotor and the torque instruction It to detect the

f | uxi poEHiceonThe I@PErai eheofspdeds conmmblnenireuit YDw defHescri bed.
Primary current [err] is resolved, on the rotating 25 field of the
i nduliseruoeion 2m from theefdiux rgshauakion erirruibnk®rand fluxused as
the flux instruction) in a flux direction and a torque current vector .
conpuoeition §igedlasfrom a flux position detector 19 to produce | ku)
10 an instantaneous reference value id of an a-axis (;-axis in
the aforementioned U.S. Patent No. 3,824,437)-component and
instantaneous reference value ig of a g-axis (j-axis in the
same U.S. Patent) component of the primary current, a three . | ;;)
phase convérter circuit 20 receiving the instantaneous
15 values of the a-axis and B-axis components cfithe primary T
current to cohvert them into three-phase signals, and current
controllers 21U, 21V and 21W for controlling the primary
current value of the induction motor 2 with reference to the
three-phase signals. The flux position detector circuit 19 \_j
20 receives a rotation angular speed wr of the rotor and the
toréue instruction It to detect the flux position.
The operation of this embodiment will now be
described.
Primary current I, is resolved, on the-rotatihg
25 field of the induction motor 2, into an exciting current
vector component Im (used as the flux instruction) in a flux

direction and a torque current vector compohent It (used as

the torque current instruction) which is in a direction
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t he Lordue current instruction) which is in a direction ort hogonal to

&

the flux direction and flows so as to cancel out a magnetonotive force due. {

to the secondary current, This relation is indicated by a vector expression ¥
[err] 5 In order to control these orthogonal vectors Imand It
i idependently, for a fixed Im It is se® #o [err] within a region of |arger
torque and to Itl1 within a region of smaller torque, as shown in Fig. 2,

as foll ows:

t her eby dt t @rthogensl rte| the fhukvdizectiont aad f3owisneed s ttioe cABawl! or .
i ndicates the principle of the vector controlling as wll

10 Thi s.

from the af @utrentmagretonctive: arcrodug, $24the7 seThadasyqearaentsnt
instruction |t fromthe speed, control circuit 17 ‘and the fl ux instruction

I'm from the Thik Relatien (t8i tndirptaft bysasvecser peprepsinn @sofeldnwss

on the rotating field pursuant to..the above-described principle of the
vector controlling. Thus, these jpstructions are required to be nverted
dfby=tﬂﬁ tE dﬁg

into vari abl es- defi ne

to di nat es *on*thé *stator “havi-ng hogonal

and B axes by 20 wusing rotating field position signals sin[err] fromthe

T A e CPEFH Ere bl BotBbGRRT0 ety pptpgd e Trom

flux posigi
.the primary
[err]
';v/
10
N '
is
(N
20
- 25

: independently,'foi a fixed Im, It is set to It, within a

region of larger torque and to Itlgwithin a region of

_'smallef torque, as éhown in Fig. 2, thereby attaining

controlling equivalenf to thét obtained'by the DC motor.
This indicates the principle 6f the vector controlling as
will be known from the aforementioned U.8. Patent No.
3,824,437. |

The torqué current inst;uction It from the speed’

control circuit 17 and the flux instruction Im from the flux

'inStruction circuit 16 are defined by the coordinates on the

rotating field pursuant toithe above-described principle of
the vector controlling. Tﬁus, these instructions are
required to be converted into variables defined by the
coordinates on' the stato? having orﬁhogonal a and B.axes by

using rotating field position signals sin wyt and cos wt

from the flux position detector circuit 19, thus obtaining

ia-and iB as outputs from the primary current calculation

circuit 18 which are:

i, é sin mlt Im + cos mlt It eosssee (2L

i1 = -cos mlt Im + sin wlt It AL (3)

be known

a
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the 5 t-hree-phase prinary

~._phase fromeach other by [errr,lphus obtai ning three-- phase pri mar

whi ciwhexe Ye r#? an angular speed which . 1S represg ted by the ;=
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can ‘bé obtained. In this case,
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Bevel correction speed Instruction’

Ui vg'f erﬁ-]grh %%e?gﬂ?al:ﬁ\e/egée%lF g‘rﬁfalvq,&gs RARG PRI drits G AIEt&Fd Sti C

In Fig. 3, the nore the |evel difference approaches zero,

phase primary currents iU, iV and iW as outputs from the

three-phase converter circuit 20 which are:

.

iU'='ia+iB g : ssevsessscsccsscs (4)
. 1, /3 .

iv = —5i, + —3—18 B R R AL (5)
ie7 _ L. /3 . o,
J.W——zll.a'---_-—z--l.B ceeccccscscnnan {6)

By supplyiﬁg these three-phase-primary currents serving as
lnstantaneous reference values to the induction motor, the
controlling performance equlvalent to that of the DC motor
can be obtained. '

As will be appreciated from the‘foregoihg
description, when the speed control circuit 17 produces the
torque instruction It in response to the output signel from
the level correction speed instruction generator ;5,.the |
level correction speed operation eharacteristic_equivalent
to that of the DC moror can be obtained. -

in this case, by setting the characteristic of the
level correction speed instrﬁction such that, as shown in

Fig. 3, the more the level difference approaches zero, the

.l where [err] is an angular speed which is represented by the suﬁloﬂ i
i on angul ar speed w of the rotor and slip frequency ws proportignal
e torque instruction It. These variables i and i. are converted i'nto
current havi ng phase currents which are out of

y
‘currents iU, iV and iWas outg ut w&gnhthe t hr ee- phase, converter circuit 20

1

*R o the induction



| evel of .the elevator car and the floor |evel of the target fl.oor can b¢
controlled to zero. According to this enbodinment, therefore, torque 5 o
thQ\IndUCtIOH not or 2 devel opi ng durln%nﬂpe very | ow speed operation
QELuglve of stopping of the i nduct iTort or can be controlled sufficiently
snnothlz and with hjgh accyracy, to ensure that acguracy_ of correction for
e

the dif r%%%%19§tﬁkén59ﬁ8dfPBGFZP9ﬁ£°WﬂbQQQﬂq§«aﬁﬂﬁndkﬁﬁeEﬂﬂFqfR?#WQE# 10
G ven Lo (B8 aEbOPE LAVENCOH Ehe: SLSYALGR, Hak A HAS ALaRT AR SF °
Cevel i ng SibeFarust,fTBRE FRBOR 088'\%‘%‘116"4’34@2%§ﬂ%"3"mﬁﬂt 18 can give a
Condrti on that LQ%Q&B?%?%@%‘EPE ild SRR, AR e

Co”eCtsonoprﬁQ 938{1@&5.8 ml:'& S’ﬁ%ﬁlﬁﬁmﬁ Huridy the ¥dRAAGFISHEY 30

for 20 “the elevator car i on torque |nstruct|o

circuit 3lo§éfaeﬂsﬁd1helhéeverrwdIswaipﬁigow*f ithe | ihdubt AL MSHAW dn this

enbodi nment, therefore, a |arge change in the speed can be prevented even
when' t he |Bédcéﬁtﬁutléhalﬂﬁila:ieﬁ&i?eWdﬂﬂ@t and wit thidle fdaudey, car
25 during the level correction speed operation, so that the floor | evel of
t he el evatee eﬁSueenthatnacdarwcyhc&hedﬁnnntﬂcnuﬁonﬁtﬁéuﬂiﬁﬁq#ﬁndéoor
mnthout gi ving an unconfortabl e

\,/ between the floor level of the elevator car and the floor

1 smaller the speed i nstruction becones, the difference between the fI
¥

ip"level of the target floor can be improved and comportable
feeling can be given'to-passangers in the elevator car during
._the level dlfference correction operation.
\vg | - Referrlng to Fig. 4, another embodiment of the
levelling apparatus of the invention will be described which
. 15 can give a comfortable feeling to passengers in the elevator
' car even under the condition that the load torque is
externally disturbed during the level correction speéd-
operation. )
14 o In the embédiment-of_Fig; 4, a ioad detector 30 for
20 the elevator car 10 and a load correction torque instruction
circuit 31 are added to the embodiment shown in Fig. 1.
According to this embodiment, therefore, a large
" change in the speed can be prevented-even when the load
torgue changes as passengefs get on or off the elevator car
25 during the level correction speed operation, so that the
floor level of the elevator car can coincide with thé floor
level of £hé-target floor without giving an uncomfortable

feeling to passengers in the elevator car.



between the instructed speed and the actual speed develops'5 and the

Rg to passengers in the elevator car. 12- More particularly, as’™ =
An Fig. 5A, when the external disturbing torque develops in the Fig. .
aapodi nent without ability to correct ‘the external torque, a difference

~.difference attributes to a torqd€ imstruction. -As a result, the actual (i%

_ . : L . S
speed undul ates_as shown.in_Fiq. 5A, thus giving unc ortable feeling to
passengers in tﬂgrélgéﬁF&FuééFiﬁﬂ1§§)- A58 1 mAFigen €8%odi nent '

i
I

A eroatnal SUR k2B 4° kRN WAL ON, UL G4 T | GG p st oL O
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Che dft Shot € GRELIELTSY, BRI cnd el Ve dil, (MLt RehEy O ©
¢ . ! o \ ! ed
ohecbytireh. e, EpReractiiipted Bl Bl acf! sk et
g@er%%?s%\?% d3SERECENRE 82 t83ButddTRd he M HnsEFudPidnNS Asunit of

strai tance, and 20 the level difference is detected by counting the
di st afiCLe Hil €. thRef 8EEuRl spelsidi un@ulatiespas! Sheaaneir ®iqy tn gl evator car

10 is trained around upper and lower pulleys.41 and 42 disposed al ong the
vertigils npieiRgt upsbhforzatle feeling to passengers in the
elevator car. | |
In contrast, with the Fig. 4 embodiment added
10 with the load detector 30 and load correction torque
instruction circuit 31, as shown in Fig. 5B, the torque
inst;uction"can follow the change of torque.without_causing_
time difference and hence undulation of the actual speed g_)
disappears to permit a smooth level correction speed opera-~
15 tion. | ..
.Fig. 6 shows still another embodiment of the

invention which features in that a distance pulse generator

44 is provided which genérates a distance pulse each time

the elevator car 10 runs a unit of.straight distance, and 2
"20 the level difference is detected by counting the distance
pulse.
: Referring to Fig. 6, a rope 43 connected with (_)

eleQator'car 10 is trained around upper and lower pulleys 41
and 42 disposed along the vertical moveméht pathé, and a
25 rotary disc-45 of the distance pulse generator 44 is
connected to the upper.pulley 41. Slits dre formed in the
rotary disc 45 concentrically therewith, and a pickup device

46 generates a pulse each time it detects the slit. Thus,



25 r.otary disc 45 of the distance pul se generator 44 is connected to thg&)R
upper pulley 41. Slits are formed in the rotary disc 45 concentrically 4
therewith, and a pickup.device 46 generates a pulse each tinme it detects «
the slit. Thus, - 13 - 1 the upper pulley 41 and rotary disc 45 rotate
i i_synchronismwi th the running of-tl# -el evator car 10, and the pickup.
device 46 generates a pulse each tine the elevator car 10 runs a unit of

di stante ¢thetapfemnpulliey 41 and rotanwdalist f{erxotatecincsynchromism 47
recei ves. the pulse fromthe distance pul se generator 44 and delivers a

si gnal inditht the shnniag ofeiths elevatar faaymkhe and Jeie (PHIJFURo a | evel
correction speed instruction generator 15. Fig. 7 shows details of the

| evel diféeviaee4boggaesates @ Rulise fachting the S1e@ER($h theed

instruc- tion generator 15. Referrjng tq Fig. 7, a car position detecting
-count er 4Eu\‘3§ugt unite of, Adstangs theq"d? & 3Per pul se generator 44 and

d i i i lee A fl I | st . 49, st . fl
Pevel 57 cach targeft 18VEY SH RPITDARRSSeT | St FFeHIeE | O
. I . £l ¢ _ ti
cort esPonghuSphash Al 14 ¥arte UBAIE UnGh PR Sind N ERVefo! (1 On
Speci T1 cabl ki gHAGN 58 LALRPUE 1t VERAI LAl £LUF| £nd easguipar at of
‘50 produces a“positive value 20 proportional to the difference, and when

the car pegbbirORd 2 NAVAY Idérrdcddion Atled | indkMshicEsn gdrardtor Vs ue
pl.r opor -

L Fig. 7 shows details of the level difference

10 detector circuit 47 and the level COrrecfion speed instruc-
tion generator 15. Referring to Fig. 7, a car position
detecting counter 48 counts the pulse from the.distance
.pulse géherator 44 and produces a car position signal. A
floor level storage 49 stores the floor level of each target

15 floor and produces a floor level signal correspon@ing to a
landing floor. A coﬁparator-so compares thé car position
signa; with the floor level signal to produce a level
difference. Specifically, when the car position exceeds the
floor level; the comparator 50 producés a positive value

20 proportionél to the difference, and when the car positioh is
.below the floor level, it produces a negative value_propor-
tionél to the difference. The level correction speed
instruction generator 15 receives the level différence td
produce a descending level correction speed instruction

.25 proportidnal to a value of the level difference when the

- level difference is positive and an ascending level correc-
tion speed instruction proportional to a value of the level

difference when the level difference is negative.



to the difference. The | evel correction speed instruction generafbri
dives the |l evel difference to produce a descending | evel correction
agd/i nstruction 25 proportional to a value of the level difference whén
the level difference i's positive and an ascending | evel correc- tion speed
~.nstruction proportional to a-alde of the |evel difference when the |evel
difference is negati ve. -14- 1 These descendi ng and ascendi ng
|nktrnhesendeacendthSBmdt@@dendins(ﬁﬂ@kﬁu4¢m9@§n%¥atDllnstrahedspeed
i nstruction becones constant for the | evel difference exceeding a

pr edeinr &i hdackabde thehgeagraias dm i ndthepipeed | trstrustieni ety to

passengers and occurrence of dagnger, dur the levelling operation at which
t he dBEF°W§sk§EPSG§§ﬁe oFh Fisy gfg‘fﬁ;]eilfg%ﬁgr%ﬂf’%re‘fﬁ?e‘?%ge?evator car. As

has been _descri,be a cordi t he re ent 1 nvent t he_| andi ng | evel
ofsthBIQE?EEEWéPS ﬁ%ﬁﬁéﬁﬂu?q Yﬁﬁ%*?ﬁ:*ﬁk?ﬁéigﬁ CBe® Eorrectgd Y

i 81 cruRid %r%ﬂ‘f’aﬁ%%%a% i R e Slbiee Hhe e cvator

o car. levell®ng SpaNEion at which the door is kept opened and

passengers get on or off the elevator car.

As has been described, according to the present

;

N
N

invention, the landing level of the AC elevator driven by \uj

10 the induction motor can be corrected accurately at the level

correction speed commensurate with the level difference while

giving a comfortable feeling to passengers in the elevator

car. - ' o | | o/

),




1.© *=».  Alevelling apparatus for an AC el evator wherein an el evator ;éﬁ

i's driven by an induction notor ”lﬂ"mm)m plurality of target

fl oors. 'sai d apparatus conpris- A "ﬂﬂl"“' a vector control un

i ndependently controlling a torque clrr'ent" cénpovnent and an exciting
cur.rent conponent fed to said induction notor; |evel detector neans for
fetecting a |l evel difference betweenlhe floor |evel of said target floor
and 10 t-he f1oor |evel of said elevator car; |evel correction speed

I nstructi ocCLyEMSt at or neans for generating a |l evel correction speed

instruction in response to_the level difference, anguharﬁggeed det ector
means for Hetecting & 38VRdLANEoAPRAFALYES SPEANoRCsELEVALPSr ¥PERG 1Reans

for generating_a torque current .instruction_gn the basis _of a_difference
bet ween t haR oBlBViRteFgRaF &Ff 35?8‘%5?& a&‘oﬁf‘g&t’i;‘&ﬁns&‘@&%ri (ﬁ& Fg‘(k:‘t i on

generator neans and the.out pu I I e | I ' d I "eans,
Jai'd 20 T PEESTA BIEARREY | 65 FORIRS agonss savd dPRaRRREel SHREs e
t or que curg&g; conponent of sai-d vector control unit. 2. The

P

~levelling aratus according to Caim1l wherein said |level difference

det ect org Means conpr,Sgackod shateelhunie FeRchatepehdengdecahitagld ipg se
each time 25 said elevator car runs a unit of distance, a car position

det ecting goudtghef eireeutt cogpohentlland o dxcdttingheuraent compbneaitd
el evator car, and conparator neans for S
fed to said induction motor; |
\\¢’ _' ' level detector means for detecting a level
- difference between the floor level of said target floor and
10 the floor level of said elevatpr_car;

I 'level correction speed in;truction generator means
for gengrating a level correction speed instruction in
response to the level difference:;

angular speed detector means for detecting a
15 rotation angular speéd qf'said motor; and
means for generating a torque currgnt instruction
on the basis of a difference between the output signal of
-saia levei correction speed instruction generator means and
the output signal of said #ngular speed detector means, said
20 torque curreﬁt instruction being used as an instruction for
S . the torgue current componént of said vector control unit.
2. The levelling apparatus according to Claim 1
_ Qherein said level difference detector means comprises a
distance pulse generafor for generating a pulse each time
25 séid elevator car runs a unit of distance, a car position

detecting counter for counting the pulse to detect the

position of said elevator car, and comparator means for

N
L

K}

T




e TR

R

fl | evel of the target floor. 3. pparatus " ..
. ing to daiml1 or Claim?2 vvherelni i‘ﬁk‘ lon speed <
instruction 5 generator neans generates ul reictt+ on which i ncreases _

-.igﬁg produci ng a difference betmeen t rTion and,a"1'oredeterrn'v_rj_(f,\',f;it'if"=i
ac
- with the magnitude of said lLeygl_difference and becones constant for said 7 *

. IeveI di fference exceedi ng a predeternined val ue. 4. The levelling

. APRAGERSRF GO F ¥ b éndd BbdtwedR) YHET 8P §ag§tisﬂean&0£rect ion speed -
i nstruction generator nmeans generates the speed instruction which becones

POYrd At HmiRUR IS Mo NLSESDT SRNERe WehAgébestbsect i on of said |evel
difference. 5. © "The levelling apparatus according to daim1l 15

- furd.her conpritsd rigeveeklisnd cipplet £k s ngcGotdbg oto seidiml Bvetor car, said

" torque_current conponent being corrected in accordance with the car | oad.

- 6. Claim 2 avHegwedld issidiphavel usofvectionGpeedatnstruttiantial ly as herein
; described with reference to and as illustrated in 20 Figs. 1 to 4 and 5B,
érgﬁmggat@ramfapﬁﬁgqnﬁr%&%%wﬁaﬁq¢%@ Hﬁ%ﬁ%?@ﬁlOn which Increases

with the magnitude of sald level dlfference and becomes
"constant for said level difference exceeding a predetermlned _

value.

4. The levelling apparatus according_to Claim 3'. \“)-

wherein said level correction speed instruction generator
means genérates the speed instruction which becomes positive
or negative in accordance with the direction of said level
difference. .__ "_ : . . o o | iu;
5. The levelling apbaratua accofding to Claim 1 | |
further comprising means for detecting.a load on said

elevator car, said torqne current component being corrected

in accordance with the car load.

6; ' A levelling apparatus for an AC elevator,substantially
as herein described with reference to and as illustrated in
"Figs. 1 to 4 and 5B, or Figs. 6 and 7 of tne accompanying

drawings.




