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2081534'31- AC ELEVATOR CONTROL SYSTEM This invention relates to a system H
for ¢on- trolling an AC el evator car driven by a three-phase induction -
not or.. The confortabl eness of a ride and the accuracy 5 of |anding 2tﬂ81534
st8pping floors are strictly demanded for el evator cars. An AC el evator
control method satisfying such a demand py-enpl oyment of a hi gh-speed

I nduction notor and a | ow speed i nduction notor is proposed in, 10 for

exdﬁﬁle, U.S. Patent No. 3, 8AG, BURVATORCONTROLOSESIIRMEt hod 'is such that,
depending on the error between the speed conmand Signhal and the speed

f eedback signal, the AC voltage applied to the hi gh-speed induction notor

is controlled when the elevator car is acceler- 15.ated or running at the

rat ed speed, while the DC braking current supplied to the | ow speed

i nduction notor is controlled when the elevator car is decel erated.

Therefore, according to this elevator control nethod, both of the notoring
torque andl the 20 brakThdst dMyRn AR ke bakes ofFPed FYSERM fOFEHNT y

control acceler &ion and decel eration of the el evator car. However, the-

pr oposed conFFBi "BEhaY (éEQEa??Ft- fv?ﬂebaoﬁbF LR YR? Sot or -

structure 25iﬁ§u8%& e EXRensi ve and the application of DC braking

The comfortableness of aride and the accuracy
5 of landing at stopping floors are strictly demanded
for elevator cars.

_An AC elevator control method satisfying
such a'demandlby employment of a high=-speed induction
motor and a low-speed induction motor is prprsed in,

10 for examplé, U.S. Patent No. 3,876,918. The proposed
method is such ﬁhaﬁ;.aéﬁending on the error between
the speed éommand signal and the speed feedback signal,
the AC voltége applied to the high-speed induction
motor i§ controlled when the elevator caﬁ is acceler-.

15 ated or running at the rated séeed, while the DC
‘braking cu:réht supplied to the low-speed iﬁduction

"motor is controlled when the elevator car is
decelerated. Therefore, adcofding to this elevator
control method, both of the motoring torque and the

20 braking torque'can be cohtrolled to satisfaétorily :
control acceleration and deceleration of the elevator
‘car. | |

Howevét, the prbposed'control method is
defective in that thé double-winding motor structure

25 is quite expensive and the application of DC braking



1 torque for the control of the deceleration of the elevator car -
ul'ts in. a great energy |oss. Especially, such a energy ‘loss,is very ..
rge and is not negligible in the case of an elevator. car whichis =
repeatedly 5 started and stopped at a high frequency. On the other hand, a
met hod for controlling an induction notor_is widely known from for .
example, U S. Patent No. 3,568,021 and“U. S. Patent No. 3,940, 669 each of
whi ch disscl o I L.pye I | | & inverter is
enpl oyed for éégﬁ%frgﬁéo%sgﬁgaFrégﬁéﬁ%g%%ﬁﬂ%%g%i}%%@eéfsgggly vol tage
suppl i ed t G Alyd fCEap NrERA0Es AR BPigreal dterly SHbs 2N £8 ee&_sg,lgé an AC
el evator systemi1s proposed I n Japanese Patent 15 Application Laid-Open No.
137845/ 77 | réﬁb ) be 13 6 PLOPRSE! né hat ,
dependi ng f)gr’fﬁ% eé)e evg?‘%rwlgf g%eggrgom*r?ngde,ut}ﬁie voﬁggengﬁéigﬁ'gésency of
AC pover suppltéipsl ¢f9séhefi aduelieatdrt Par wHICH BSShepeyteatyeased during
20 accel eration of the elevator car, while the AC voltage and frequency are
progres$ vealtariced casddstopped decal dvigh Greyfudnwey el evator car. According
to the proposed nethod, therefore, an induction notor of a single w nding
structure can be enpl@yetheaotheire handyowee mesthosd nfdx ccontnohbdingved since
regenerative braking is applied during decelerati.on of the elevator car.
However, acsoridiductionhmotorcads widelyikngwn from, for example,

U.S. Patent No. 3,568,021 and U.S. Patent No. 3,940,669

eaéh of which discloses the so-called inverter system

10 in which an inverter is employed fof thé control of
the frequency of an AC power supply voltégé supplied to
an induction motor. | '

An application of such an inverter to an AC

elevator system is praéosed in Japanese Patent

15 Application Laid-Open No. 137845/77 (laid open on
Novmeber 17, 1977). The proposai is such that,'
depending on the elevator car speed command, thé
voltage and frequency_of Aé_power supplied to the
induction motor is progressively increased duriﬁg

20 acceleration of the elevator car, while the .AC voltage
and frequency are progressively decreased during'
deceleration of the elevator car. According to the
proposed method, therefore, an inductiqn motor of'aﬁ
single winding'structure can be eﬁployed, and the

'_25 power-consumption can be saved since regenerative

braking is applied during deceleration of the elevator
car. )

However, according to the so-called inverter




4 . -
- 3- systen1|t is necessary to control the large current supplied during (jia
accel eration'of the elevator car, so that the capacity of the inverter used ’
for the control exceeds necessar|ly the notor starting power requirenent to
steh an“extent that its value will begcone several 5 tines as large as the

rated capacity of the induction notor, Consequently, the proposed nethod
ha%;been defective in that. the in- verter apparatus requires a very |large

CapRorty andybie 16 £ AbCosuipNS Lone 10 thEGRUE cbrbt° ORI IERESE 1o

‘met hod has ndt yet bee ut to prac ca Use” it

i s desirabl %c&@lé%h@férﬂ%faﬂaé BREVAMBY A o568 ’ErtflfeOE{;gégn yo? % GARL A9 @

t hr ee- phase i nduction motor, in which ¢ontro apacity
can be enpl aged ﬂd&eaﬁ@toﬁﬁ\mnaxéééasﬂm&gs&ﬁw%ﬂa 8tor %ﬁﬁh t@ﬁ: epunber of
necessary parts can be reduced thereby attai ning the econom zation of the
system 15 requirement Aocsucli ag éxtehtechatednivaivey /il Gacéie sevéralpr ovi ded
an AC el evator control apparatus for use in an AC el evator systemincluding
a t hr ee- phagdmesCasolangesasiithe, ratedhcapacitynsdf thel inductrionuoror. and an

el evat or car and a count erwei ght suspended fromthe opposite ends of a rope
trai ned aroGﬁl!S%AUﬁbtbt»abh%md hasbeery defiectivedincithat th@ it or

sai d apparatus conprising: neans for su pl yi ng AC power of the sane
frequency a¥YeEHRTIIPRATISUR Teguirasear Y| dange sapasdfErandois herefarei d

i nduction mptor t.o control notor ue, thereof at |east when said

el evat or caf*BPE1LYeeand %ﬁ?‘“ﬁ%&ﬁ Eﬁ%tq?’eﬂerﬂﬁfé‘: txa the Mevhof hasorate et rheenni t

for supplyi AC_power of a frequency |ower than that of said AC 25 power
source to sggﬁ ’["‘ﬁg&’ﬁ C5ACHHBSE to control motoring torque thereof at |east

when sai el evat or G, QRALAL €5 siNgd ISt el %afu'-o%demacrjxe improved AC elevator

control system employing a three-phase induction motor, in which control

elements of small capacity can be employed thereby _savihg‘ the power
| conétmption, whilst the number of necessary parts can be reduced thereby

attaining the economizatiori of the system.

15 - According to the present invention there is provided an AC
elevator control apparatus for use in an AC elevator system including
a three-phase AC power source, a three-phase induction motor, and an
elevator car and a :comterweight suspended from the oppoéite ends of
a rope trained around a rotatabie member and driven by said induction

20 motor, said apparatus'comprisirig: means for supplying AC power of the
same frequency as said AC power source from said AC power source to said
mduct:.on motor to control motoring torque thereof at least when sa1d
e}evator car operates in an acceleration mode; and a power convertmg
unit for supplying AC power of a frequency lower than that of said AC

25 power source to said induction motor to control motoring torque thereof

at least when said elevator car operates in a deceleration mode.
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- m/nn one preferred enbodi nent of the apparatus of the present .inventign =
tghf‘((é i§ provided a full-wave bridge circuit including a plurality, of, .
cortrol elenments connected at its ACterminals to the three-phase AC power
source,. the connections between the control 5 el ements being suitably -
sw tched over to serve both the control of the notoring torque and the. o/
‘control of the braking torque, and t_Qgt the full-wave bridge circuit is
provi ded by a singl e-phase full-wave bridge a structure. O her objects,
features and advantages of the present inven- 10 ti.on w |l beconme apparent
from the fol | owing deh airefrél3eEd RnbOdinhe B AL ibafRdbLE RS pdiRh EO"
taken in conjunction W e acconpanyl ng draw ngs, 1 n which: Is a
bl ock di agr _' @Hg%dgaﬁto e - : r t us
accordi ng tgintv%;em%rﬁesent |b'n entv? %erﬁ QFlﬁfeﬁ ghﬁ%ggg%%%ﬁféﬁgwﬁ&%ﬁ?%%e
charact eri stpig¢apityl BE ddntP6T elbidRts Edliebtal atDiey ACM e d o RiHe 1; 20
FIG 3 is a graph showi ng a speed characteristic of the elevator car; FIG
4 is a graphhreevphase it powen isaurce,h the Connéctiions Witwedie the Buatren not or
IM 25 FIG 5 is acircuit diagramof a preferred -5- 1 enbodi nent of o
the AC el évatlementsbeing spptabdyuswitched diven too seive potlsethie conteol iohh; Fl G ,
6 is a circuit diagram of another enbodi- nent of the AC el evator control :
appar at us ofthehwotaringrtiorque and the control of the braking torque, and that

o

the full-wave bridge circuit is pmvided by a single-phase full-wave
bridge a structure.
Other objects, features ~and advantages of the present inven-
10 tion will become apparent from the following detailed description of
preferred embodiments thereof taken in conjunction with the accompanying

drawings, in which:

FIG. 1 is a block diagram of an embodiment of the AC elevator

15 control apparatus according to the present invention;

 FIG. 2 is a graph showing torque characteristics of the three-
phase induction motor IM shown in FIG.1;

20 : FIG. 3 is a graph showing a speed characteristic of the

e€levator car;

- FIG. 4 is a graph showing other torque characteristics of
the induction motor IM; " '
25

FIG. 5 is a circuit diagram of a preferred




e

5 inyentfon in which a transformer is connected between the induction notor
and the power’ converter unit; FIG 7 is a circuit diagramof still another
enbodi ment of “the AC el evator control apparatus of the present invention i'n
whiceh the notoring torque control 10 unit and the power. converter unit

I nclude parts common to each other; FIG 8 is a circuit diagramof yet

angt her enbodi nent of the AC el evator cogteol apparatus of the present

i nvéntion in which bidirectional control 15 elenments are used in the power

convertery Ur%rﬁbﬁ@i’?ﬁ@ni:”o?' Ehe’ acFleBeviticr e €£OL t aghargtusnaotoriihgrédier
enbodi ment of the AC el evator control apparatus of the present invention in

whi ch singl epphagpesbhtUihGentdoad used to constitute the power converter
unit; FIG 10 is a graph showi ng the torque characteristics of the

i nduction nmotor | Mto FEbusé tisatae ctirewiperdtagranf of henapperaembosicown in
FIG 9; and 25 FIG 11 is a circuit diagramof a still further
enbodi nent afietbeofACtreeat el evartiorlcappr bt apparitush ofpths presentvent i on i n
whi ch singl e-phase circuits are used to constitute only the forward - 6-
1 convert$®r ibdventigowén wbielr wertnanisformerrisngonagctedrbetweemich is a

bl ock di agram of an enbodi nent of the AC el evator control apparatus
the induction motor and the power converter unit;

FIG. 7 is a cirguit diagram of still another
embodiment of the AC elevator control 'apparétus of the
present invention in which the motoring torque control

10 unit and the power cohverter unit include parts
common to each other}

FIG. 8 is a circuit diagfam of yet another
embodiment of the AC elevator éontrol apparatus qf the
present invention in which bidirectional control

15 elements are used in the power converter unit shown in
FIG. 7;

FIG. 9 ié a circuit diagram of a further
embodiment of the AC elevator control appar.'atus of the
presenﬁ-invention iﬁ which single-phase'circuits are

20 used to constitute the péwer converter unit}

FIG.-ld is a graph.showing the torgque
characterisﬁics of the ihductibn motor IM to illus-
trate the operation of the appa;'atus shown in FIG. 9;
and o

25 ' FIG. 1l is a circuit diagram of a still
| furthér.embodimént of the AC elevator'contfol'amxuatus
of the present invention in which éingle-phése_

circuits a;e'used to constitute only the forward



a c@ﬁ ing to the present invention, an elevator car CA 5 a counterweight s
e suspended fromthe opposite ends respectively of a rope RP tralned

around a traction sheave S. A three- phase induction notor IM an electro--

magnetic hrake unit MB and a tachometer generator TG are coupled to"the

sheave S. Therefore,

the el evator car 10 CAis driven to run up and down by ‘e

controlling the three-phase induction nDtor IM A three-phase AC power
source U, V, Wis connected to a notoring®torque control unit VR through

mai n contactors 11 for

novenent and nmain contactors 12 15 for down

nmovenent . &FQNY%Fﬁﬁre?EhEPetEQWHE ﬁQﬂﬁﬁ%ﬁEBr%nii or 12, the AC powerto
‘be supplied to the notori t Qrque contral VR | ause to, have its
efer 3 hedhieh f8naqpL

phase rotation directi oR

Féa oﬁﬁW1 Q(f§ ﬁnad €€Ki on of the

ey V\;C] o' d{rarain Ot Bn enbpdi elt“ﬁfr St e AC Sl 2h §F§8§§@?§#“%ﬁ%s
. : 1

the. of ovat gg%&ﬁmgggoa RE, bR8sRid Alloflafh b3 faoheng! ad Fﬁ@g o
three- phasse ’%C c%@n@é’i‘@%héﬂ'ﬂréﬂ YreVsu %&daééoffémpkhgdoﬁapogﬂg@’\%

converter

and

uni t S

out put romthnhis power con-

suppl i ed to s pdehicveep BBt 8 rbldel MOUHRIRL £066A41 8" Eridelnh

decel erati on purpose

-7- 1 which are sed mhen e elevator car CAis

decel erated. sHuaveepd SAgaakeappa&rs@&x{dmim :a@eaﬁrrrn?r an electro-

magnetic brake unit MB and a tachometer gene:atbr TG are

coupled

to the sheave S. Therefore, the elevator car

10 CA is driven to run up and down by controlling. the

three-phase induction motor IM.

A three-phase AC power source U, V, W is

connected to a motoring torque control unit-VR through

main contactors 11 for up movement and main contactors 12

15 for down movement, By closing either the main contactors

11 or 12, the AC powerto be supplied to the motoring

torque control unit VR is caused to have its phase

rotation direction corresponding to the desired run

direction of the elevator car CA. The output from this

20 motoring torque control unit VR is supplied to the

induction motor IM through main contactors 13 for
ﬁotoring purpose which are closed when the elevator car
CA is accelerated and when the elevator car CA runs at
its rated speed. The AC power from the three-phase AC
25 power source U, V, W is also supplied to a power
| éonvgrter unit PC, and the Qutput'from this power con-
verter unit éc is_éupplied to the induction motor IM

through main contactors 14 for decéleration purpose

B T IO y

i L o e it i



—

generatof TG is fed back to a speed control unit SC. This speed control
uni t* SC i nclrudes®a speed pattern 5 generator PG and a speed conparator CP.
The signal indicative of the speed error between the speed pattern signal
ankL't he speed feedback signal is applied fromthe speed conparator CP to
phase shirfters [err] and [err] which control the notoring torque control
unit VR and 10 the power converter unit BC_respectively so as to cancel the
sp&ed error. As described later, the power converter unit PCin the

enbodi MeNy OfKiBR BERSeNoddd WHePNEhE £08DEE8E 86raChOTMAIL LONMIL&] ., f OF
deriving DC power 15:from the AC power supplied fromthe AC power source

and a reverse ConverteTH@'deéHtéi?iél §Pp¥aEringy firbm PR VMR hdn¥ter

| ow frequency AC power. In the AC el evator control - apparatus having the
structure degehebatoah@Ge id Fedrback ytooht ageeds coh teall eliteddy the
notoring torque control unit VR when the elevator car CAis accelerated and
when t he eIeThﬁsrspeedC&onﬂrnkﬂunis 3Qt bocipded, asepeled pattermiuct i on
motor IMis controlled according to the output signal fromthe speed
pattern gEnegeneraRGr2PG tdng ¢byspred| compangtoneCel.evfthe scgnalA or
running the elevator car CA at the rated speed. Wen the elevator car CAis
to be deceleiadéﬁatﬂms|ﬂ£lthNﬂEﬁﬁiw%rHQrfBﬁtageéléhﬂniﬂeqﬂuaﬁkmﬁkne

-8- 1 opened and the main contactors 14 for deceleration
signal and the speed feedback signal is applied from

the speed comparator CP to phase shifters PS1 and PS2
which control the motoring'torque control unit-VR and
10 the power converter unit PC respectively so as to cancel
the speed error.
As deecribed later, the power converter unit
PC in the embodiment of the present invention is
_composed of a forward converter for deriving DC power
15 from the AC power supplied from the AC power source
and a reverse converter or inve:ter for converting the
DC power into low-frequencY AC power.
In the AC elevator control apparatus having the
structure described above, the primary voltage is
20 controlled by the motoring torque control unit Vﬁ when
the elevator car CA is accelerated and when the
elevator car'CA runs at its fated speed, sO that the
_inductioﬁ_motor IM is controlled accofding.to the
output signal from the speed pettern generator PG
25 thereby accelerating the elevator car CA or running
'the elevator car CA at the rated speed.
When the elevator car CA is to be decelerated,

- the main cqntactors 13 for acceleration purpose are
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pdse are closed. Consequently, the |owfrequency AC power is suppligd
the inverter of the power converter unit PC to the induction motor kM

. ' The frequency of the |owfrequency AC power suppl-i ed fromthe

i nverter of the power converter unit PCis selected to be 1/5 to 1710 of
that of the AC power source U, V, W  (Then, the characteristic wll be

anal ogous to that of a two-speed eIevétéﬁ'lO system enpl oying a nultipole

o that & OREAS AR chdoBalK| RERe ARt 34 Fer MaatitileioNiousr fav ng
such a ffeq%g@%ﬁtlogpéi 8 OEbAELALEINY, Und MRBOMELGGORNGT hEr UM L

PC to 15 regeneratlv rakt ng occurs

th d I t
in the indu Ve“ 5 ﬁ}eﬂéﬂé&rf%mcﬁﬂé' @.gzv%‘ict%lzelﬁaf &;bregenere evator car

CA while re nergy produced as res a- tive

braking F dpe §@I@é|gaebghwggQﬂaHaﬁgkogcmmue T and the slip S

In such a case uppose now that the elevator car CA runs upward in a

full -1 oaged condHn(N1¢m@dggequéﬁc§ beavhe Qxw-Frafirancyyat hgoward torque

line LI, then, the elevator car CA continues to run upward at a constant 25
speed gi ven plied 'twoh eche Ofnberween ofhahen pbver qronvertet! and the

torque curve [err] of the induction notor 'IM At the point of comencenent
of decelerahmmm Hduis(xeaectedveo[berl/sftmhdﬁlohnilthat of9the

AC power source U, V, W. (Then, the characteristic

will be analogous to that of a two-speed elevator

10 system employing a mﬁltipole induction motor in whidh
the number of poles is five to ten times as many as
that of the induction motor IM.) When the low-
frequency AC power having such a frequency.is supplied
from the inverter of the power converter unit Pc"tq.

15 the induction motor IM, the state of regenerative
brakihg occurs in the induction motor IM thereby
causing deceleration of the elevator éar CA while
recovering the energy produced as a result of regenera-
tive braking. FIG. 2 shows £he relation between the

20 torque T and thé slip S in such a case.

Suppose now.that the elevator car CA runs
upward in a full-loaded condition loaded'with a heavy
load as shdwn by the load torque line L1, then, the
elevator car CA continues to rﬁn upward at a constant

25 speed given by the intersection between the load
torque line L1 and the torque curve Ty of the

induction motor IM. At the point of commencement of -

deceleration, the torque cﬁrve T3 of the induction
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1 nbtors« I Mis changed over to the torque curve [err], with the result that
the forque. of - the induction notor | M changes nom/along the torque curve
[err], and the-efevator car CA is decelerated due to application of the 5
riegenerative braking torque until the speed is reduced to the level of the
synchronous speed nf determ ned by the ®requency of the | owfrequency AC
power supplied fromthe inverter of the power converter unit PC. The
kipeti c ganemgtor IMeagprehpmmdednoverr topthdi torguel Gurve {.o5 ryitls
converted into the electrical energy by the power generati characteristic
~of the not otheansuicst citeat rtival tengugyofs thet indagt ttion motmmeIM sour ce.
The synbol "no" represents the synchronous speed determ ned by the
frequency ofhangesC nuweslaisy stiue cbOTIUY, CUEVAS Ty, @ANdl dihey RIRVALOX CA i s
decelerated in the manner descri bed above, the elevator car CA runs stably
at the poi ncadt %I%@Qﬂ:}?ﬁtﬂ)dﬁet #0eAPPAdcatiQre afhdiht eristic [err]

determ ned by the power converter unit PC and the | paded condition LI

(or L2) & Fﬁ&?qﬂqﬁ¥iVQThﬁﬁk%ﬁgtH@rﬁBglFPG# 1othe sReed os ?ﬁpiﬁﬁer k

| ff b h t t t
sane Vine, | e e davRl OF ¢, avchE '3393{33538930&%3M%%@%4?3- 5
IR Ca'| BV r?&fq%g“?%u2°€a%§?f{>§%?§ﬁ§§%rﬁ%cﬁ ot %C%%&ﬁ%%@ﬁ"ﬁ”;
the 'nverte%rog“tﬂ§“155é£tbfhgfaﬁﬁgrbﬁ%e? 2BRVeter unit PC.

The kinetic energy of the proportion corresponding to

10 1 - (22)2,15 converted into the electrical energy by

the power generating characteristic of the motor,
and the electrical energy is returned to the power
source. The symbol "no" represents the synchronous
speed~determined by the frequency of the AC power
15 source U, V, W. | -
After the eievator car CA is decelerated in
the manner described-above, the elevator car.CA'runs
stably at the point of balance Pl (or P2) between the
torque characteristic T3 determined by the power
20 converter unit PC and the loaded condition L1l (or LZ)
at that time. Then, at the position of final stop,
the power supply is turned off by opening the main
contactors 11 (or 12), and, at the same time, the
elevator.car_CA is brought to a stop by the electro-
25 magneticebrake_unit MB. Thus, an.operation
. characteristic ourve'ae shown in_FiG. 3 is obtained.
In the curve, the.range B ~-~D -~ E is controlled by

the inverter. The operation characteristic shown in
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'L FIG 3 is general |y anal ogous to that exhibited by drive by the
eptional two-speed notor. However, .-in the case of drive by the *

i ..

ntional two-speed notor, the speed ratio of 1/3 to 1/6 is a linit due -
to the 5 manufactural limtation on the notor and fromthe aspect of the

cost of the notor. In contrast, the speed _ratio can be reduced to about o’
1/ 10 according to the present inventionf‘s&? tthat the accuracy of floor

the ol avat o B3FwopbriR MAreenlbe ap8ToRgu B, Taat MRRNRIYSA i heti 0w
of 1he o ovat SE0R T the G VRRERGnYL " EHBRSRESE s, ot Ehe “thcona.
o quant i 1y £iber cas’ pf BigE ninElS cRFRnTionin eddiRagl (pSes T OV ©f
her i nvef or e’ S48 AP0 o0 10 TR B R e B S8 e ' G 1o

a stop at 8 PoialafacthidLl NP EAEi8E bRCLHBCRLROR! IaNa ISl ¥hd he points B
and D, as shown by the dotted ine DGin FIG 3. The relation %ﬂmeen t he

torque T and hipedt RS tHe tddSt CGECLthé ROLHRQWN In Jof@rabt 2othdef erring
to FIG 4, the elevator car CAis decelerated along the regenerative

braki ng tor qugpeed ¢dtld |cdre ¢ - ré@iteadtbhaboat l/am eidotdinycto

characteristic fromthe high synchronous speed. (In this case too,
the present invention, so that the accuracy of floor
landing and thé stép shock alleviation which are

10 important féétors'for'the elevator car operation can
be greatly improved. Furthér, the kinetic energy can
be substantiélly complefely regenerated since the
kinetic energy of the elevatof car CA during decelera~
tion is proportional to the second power of the speed.
' nf

15 1In other words, when 55 = 0.1, the kinetic energy of
2

quantity E = 1 - 0.1° = 0.99 can be'utilizéd for

regeneration. |
Alternatively, the DC braking technique

disclosed in USP 3,876,918 cited hereinbefore can also

20 be utilizéd so as to bring the elevatb: car CA to a
stop at a point G while maintaining the deceleration
between the points B and D, as shown by the dotted
line_DG_in FIG. 3. The relation between the torque T

~ and the slip S in this case is as shown in FIG. 4.

25 Referring to FIG. 4, the elevator car CA is decelerated
along ﬁhe régenerative biaking'torque curve t, repre-

senting the low-f:equency-torque characteristic from

the high synchronous speed. (In this case too,
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- 11 - 1+'the speed control unit SC shown in FIG 1 carries out the speed
f eedback cont-roel *by conparing the speed feedback signal with the speed
patt.ern signal.) 'Then, at a speed in the vicinity of the synchronous spee
5 (0f determned by the output frequency of the inverter of the power
converter unit PC, switch-over fromthe ddgenerative braking torque curve
T3 ‘to the DC braking torque curve [err] takes place. As soon as the

.el dvat or tar the speadomontzal tirit |$Orshawni 4y F3Gel 1 ©axrriies out

el ectromagnetic brake uniit MB is energized and kept in the energized state.
‘The DC braki et speed [feaedbagiprerntrel {h¥ campardngz&he spead speed which
Is nearly zero. Therefore, at the vicinity of this speed zero point, 15

the control #eedbackaddanal,fieh t the csReedoragkernc sgomed -uni tThER mi t hout
resorting to the DC braking . torque [err]._The range. D-F in FIG 3 is
brefer ably adtoRosBesd o s o Loyt Lhragf hERe: PHHRBAOBP R R3Sy ¢ he | oad

he' annt G- b8haeHesrhosh i 368 Foflub, Feddr SR ofl s dRGe g i
Gner of zat | on OB ARG FENB, A VRE Ve 8€n§€d?§2“%ﬁ@%%b%%x%%ﬁ#@%?%f onit 1
nergi zat _ X§fre !
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the decel er atbpguel Cizve 10 ddidds (pIEce. TNAS EBBAChCHPUldlatdl Pe

car CA is stopped at the floor landing level, the

10 electromagnétic brake nnit MB is energized and kept
in the energized state.
The DC braking torque T4 approaches the”
value of zero at the speed which is nearly zero.

: mherefore,_at:the vicinity of this speed zero point,
15 the control may be made by using the eleétromagnetic
brake unit MB without resorting to the DC btaking

torque Tq° The range D-F in FIG. 3 is preferably as
short as possible. This may be attained by detécting
the load of the elevator car CA on the basis of the

20 level of the motor current in the.running condition
of the elevator car CA or the level of thé'braking
‘current in the decelerating éondition and controlling
the timing of energigation of and the braking force
of the electromagnetiq bréké unit MB,Jso that the

25 curve of deceleration due to thé-application of the
braking force by the elecfromagnétic brake unit MB
may become a linear extension of the'decele#aﬁion

! curve up to that time. This manner of control can be



-Iéﬁ 1/achieved relatively sinply and i nexpensively. It wll -be understood -
rom ¥hie above descrip- tion of the enbodi ment that the notoring torque - .
fol unit VR controls the notoring torque applied for. 5 accelerating
the el evator car CA, and the power converter unit PC supplies the AC power
of a frequency |ower than that of the AC,mower source, to the inducti.on

motor IMfor controlling the deceleratio& of the el evator car CA.

Fegener at Fon BP8TRE: LRIy Sr FimBEYChndr hRARERBARIYT V) 1Y 11E

descri bed above, but al gm%im&seagﬁckgpﬁqkh@%%;d ghLer

unit PC can be reduced for > reasons which w be des ‘presently.

15 tilr:ﬁ Hf tHH @ ten t NEnREBReCABYLO R WHHqUE dSntESE! Y

required for providing an AC power output of a frequéncy I'ower than that of

the AC pover ys3¥ §& cOrtrldied hetering torgReappl e®vivr t he equi prent
cost of the power converter unit PC can be reduced in proportion to its
out put frgquagerlebadiigig rthe Wbeva bor ooapuCal,r aadettie @owdre pover
converter unit PCis selected so as to reduce the synchronous speed of the
I nducti on notohvekiter umith®@C sippPlbést bher ACepoweredhfa tfreqiervayor car
CA, its equipnment 25 cost can be . reduced to about 1/10 of that of the case
i n which thelpwesr thamn diitalr afhi theAC spower| gsonsiciead tpdthd or the contro
of accel eration and decel erati on .

induction motor IM for controlling the deceleration of

the élevatdr éar CA., Therefore, not only the desired

10 power saving can be achieved by the regeneration of
power during deceleration of the elevator car CA as |
described above, but also the equipment capacity of
the power converter unit PC can be reduced for the
reasons which will be described presently.

15 In_this-embodiment.'the power converter unit
PC is merely required for providing an ac power output
of a frequency lower than that of the AC power source.
On'the other haﬁd, as is comﬁonly known, the equipment
cost of the power converter unit PC can be reduced

20 in pfoportidn to its output frequency. Therefore,
when the outpuﬁ frequency of the power coﬁverter unit

- PC is selected so as to reduce the synchronous speed
of the induction motor IM to be about 1/10 of the
rated speed of_the elevafor éat CA, its equipment

25 cost can be reduced to about 1/10 of that of.the-case. 
in which the power converter uhit PC is sqlely relied.
upbn for the controi of acceleration and deceleraﬁion

of the eleva;or car CA.

M St maBis w1 L



powel conver.t er* unit PC for the sol e pur pose .of deceleratlon cont r ol

provi des such an‘additional advantage that the output of the inverter can
ué/reduced by the anmount corresponding to 5 two tines the |oss of torque
due to the | osses occurring in the nechag cal system of the elevator (for
exanple, the gear loss in the hoist and the friction loss in the guide
shoes guildi ng the cagefurtiveparthewiase olfe thas powerndanverieepouei t
converter unit PCis used for both 10 of accel eration control and
decelerat|omcuﬁurcﬁheFanlqepurpnsepoﬁedeceﬂGCEméonnﬂqnﬁrblrpr¢wtdes
enbodi nent need not carry out frequency control continuously over a w de
frequency r@auph amaddibtionakcadvantsagri that ke m@gtﬁwhe power
converter 15 wunit PC can be nmade sinpler in circuitry and nore ecaononica
than the corR¥REtakIcamebanreduredcby- thecaapunt arrasrending ko pover
converter: unit deS|gned to carréﬁout frequency caontral contlnuouslgPover

Wi dg fredue H'T?KP '%i'lrﬂﬁs u%osﬁ\/nd t?SE“SxQH‘Elhém fi"@e RS9 \RESHTE 9CCiIA is
FI Gs., 2 3,
tEe bower  co e meshal BRaf s vEF é&rn'y°f cber BYeatsE G exae £8maaﬁ||.ng
AC
:E,hg el e\?gi (F;r tht%rg% el&’?sﬁ?o&ﬁg%gﬁgfo%§§d%?%t¥%%g%€%c*? _ bggewi '? R
reference to.fida éhdébY&ﬁféiﬁaetEQ‘EE@%ngcHH§H£E¢ with the case

in which the power converter unit PC is used for both

Ofl{he el evator -car CA - 13 -1 Further, the use of the “wh(jgég

10 of acceletation control and deceleration control.
| .Further, the power converter unit PC in this
embodiment need not carry out frequency control
continuouslf over a wide fréquency range. Therefore,
the phése'shifter-Psi-connected’to the power converter
LS unit PC can be made simpler iﬁ éircuitry and more.'
economical than the conventional one which.is con-
nected to the conventional power converter unit
designed to carry out frequency control continuously
over a wide frequency range. Thus, when, for example,
20 the elevator caf_CA is to be conﬁrolled 1@ ﬁhé manner
described with reference to FIGs.'Z_and 3, the powér
converter unit PC is merely required to be capable
of conﬁrolling the AC output to have a“predeﬁérmined
. frequency. On the oghef hand, when the elevator car
25 Ca is to'be'cpntrolled in the manner described with
referehce to FIG.'4 in which the DC braking_toréue
Ta is applied for,stopping the.elevator car CA, the

power converter unit PC is merely required to be



Is applied for stopping the el evator car CA, ‘the power converter, unit PCis .
perely required to be - 14 - 1 capable of controlling the AG qutput at ,
frequency. In the above description, the AC output.frequency of 't he "
f converter unit PCis selected to be constant. However, a plufality
of Trequencies 5 |ower than that of the,ZK AC power source nmay be generajed
fromthe power converter .unit PC, and Th%4oﬁtput frequency may be

oct 7 on b S RRRERCHe KBRS ORI SN R SRR 00080 bPR BRI
Control can be i mprovel HE APRY ARFARGoNl e hE SRERET) VT (i

si npl er 't ha%ééﬁ&eﬁé?gnﬁﬁt efle! %o%‘i %‘if‘éﬂé)f'a&nfe‘gﬁ?rg?“%i@éfteﬁ“@n

designed to continuotislTy carry out the frequency c over a w de

frequency r aggecodbeadBovendRavery! i bltdal £if £ st aqhlicyag of the pover

converter unit or the decelera- tion control. necessary to run B

the el evad orygiér Chhah 8hheWoEPed@ it tﬁwssb@fe:efﬁayesangbﬁer%@ed
mai nt enance and inspection of the elevator car CA Wen such a | ow speed
run is requifesm the powes! eonvRrted ivnit B, ramd athéheutpwespeed
determ ned by the output frequency of the power converter unit PC. \Wen the
| ow speed abfwequescyihag be saccesaively Xwitdite@uoveengscowed
i nspection purpose, a plurality

- ones depending on the elevator car position or the

-~

s et e -y
RPN 1 M s o7 C -

motor speed. Although'the structure of the phase

10 shifter Pszjbecomgs complex in such a case, while
the deceleration control can be improved, the.circuitry
-of the phase s-hifter.l?s2 is ;till'simpler than that
connected to the~convent;onal power'converter unit
designed to continuocusly caﬁry out'the:fféquéncy control
15 over a wide frequency range.
- The above description has referred to the
use of the powér convefter unit PC for the decelera-
tion control. It ié necessary to run the elevator
car CA at a low speed in the case of, for example,
20 ma;ntenance and inspection of the elevator.cér CA.
When such a low speed run is required, the elevator car
' CA is to be run at the low speed determined by the
output frequency of the power converter unit PC.
When the low speed above deécribed ié too slow for
25 the maintenance and inspection purpose, a plurality
of frequencies as déscribéd'above-may be prepared,
and a suitable one df them may be utilized.

FIG. 5 is a circuit diagram of a preferred




o

of frequencies as described above may be prepared, and a suitable one of ,
themmay be Gtilized. FIG 5 is a circuit diagramof a preferred - 15 - :
1 enmbodi ment "of the el evator control apparatus of the piresent invention. In .
tﬁe/enhodhnent shown in FIG 5, the notoring torque control unit VR

I ncludes two pairs of 5 anti-parallel-connected thyristors 21 to 24, and

t he ,power converter unit PC is conposedlsf -a forward converter including
thyristors 31 to 36 and an inverter including thyristors 41 to 46. The

power copveehbodimientPGfi Lheorelertabatconsral iapparatus of nespiasehbe 10

AC power source U, V, Wthrough a transfornmer T. The above arrangenent

provi des suthvedtdenages that the breakdown voltage | evel of the thyristors

31 to 36 conposing the forward converter can be decreased and the radio

i nterference agai nst e fhewvambedinentapheenitn ElGevSat &dteby t he

reactance of the transforner T. In this enbodi nent, the fact that_ three-

phase AC poR@FOBANY ORIV FRMEP kdir b VBt ANRAHABS tWPePSis® & DC power

by the inverter is utilized so th%i qﬁéesCue ruE of tg% el evator car CA can

be made 20 PRAtLRBALFIICIGCPVRGTES, FRYEISERY & F1n§Ot 6%m @S5 ERsy eper gency

it Over pARaL SRR IR Ty SRy WSt BRIk ued Of LS
power Sourcgoﬁbe¥t3¥/iﬂ@fﬁde§3é§§§f§{§r§5§? @3d36_and an inverter
' iﬁcluding thyristors 41 to 46. The power cqnvérter
unit PC is connected at its AC input terminals to thel
10 AC power source U, V, W ihrough a transformer T.
The_above_arfanqement provides such advantages that

'the bféakdown voltage level of the thyristors.3l to 36-.

mgqmposing the forwérd'converter can be decreased ﬁnd
the radio_intérference against the power source can be

15 alleviated by the réaétﬁnce of the transformer T.
| In this embodiment,.the fact that three- |
phase AC power of a low frequency can be obtained by
inversion of DC power by the inverter is utilized so
that a rescue run of the elevator car CA can be made
20 in thé_eVent of power failure. Referring to FIG. 5,

. an emergeﬁcy switch-over conf#ctor 15D (not shown),
which is normally turned off, 'is turned on upon
detection of interruption of power suppiied from the
AC power source U, V; W. Thus, the contacts 15Db and

25 15Da of fhe.contactor 15D are opened and closed-
respectively thereby'connecting a battery ED to the
invgrter.' Thetefore, by contfollihg the thyristo:s.

41 to 46 cqmposingsthe inverter and supplying the



24;%£é§a of the contaétOr 15D are opened and cl osed respectjvely thereby 1

con ing a battery ED to the inverter. Therefore, by controlling the A
thyristors 41 to 46 conposing the inverter and supplying the * -16,- 1

| ow frequency AC power to the induction notor IM the elevator car CA can ;)
be brought to the nearest floor while run '@g_at the | ow speed. Speci af

nmeans for permtting the rescue run in the event of power failure 5 have

been requi ned iy 088! phired! B¥Aittle FMHAIA iy ShSEdr | EMCORKRAST , e
~according Eb Hhe e#%%%%gai%nt sgomnfin FIG 5, the rescue rﬁn can é sinply i ;
attai ned by the ffPud:Si @i OfAt 88nbBk! BrYuERLAS it GrEdPes€r £168r 10

In the final stage of deceleration of the elevator car CA the DC braking
torque can be wild achiyikgr atnghanlbhe spoled .si Fpdc D heshs ofbpe _
thyristors 42 and 45 only anong those conposing the inverter and by turning
of f the gate Pexmttinyitiletpesbaer Ui An the rydrdtyrdSipdwer Bfagduker i ng
the selected thyristors 42 and 45, direct current flows through the

wi ndi ngs uSanthavefbddre reguitedninoaoconMent ipmal RE elékaborki ng torque.
The magni tude of this DC braking torque can be controlled by controlling
the gate 20 sicprtiraX systemyri Inoceondrasdt ,3@connmdigigigte hehé cembodi~
converter on the basis of the error between the speed command and the

f eedback speederry Ghavn hitnsFiGet fer thehreseme mm idan be simply

attained by the provision of the battery ED and the

vem e v e

contactor 15D.

10 In the final stage of deceleration of the

e tve i e s Abmor

elevator car'CA. the DC braking torque can be applied'
by turning_on the gate signa; applied to ﬁhe thyristors
42 and 45 oniy among those composing the inverter and
by turning off the gate'signai'applie& £o the remain-
15 ing thyristors. By so firing the selected thyristors
42 and 45, direct current flows through the windings u
and w of the induction motor IM.to generate a DC
braking torque. The magnitude of this DC braking
torque can be controlled by controlling the gate
20 signal of the thyristors 31 to 36 composing the forward
converter on the basis of the error bétween the speed
command and the feedback speed.
FIG. 6 shows another embodiment of the
present ihvention in which the transformer T is
- 25 inserted bétween the ﬁower converter unit PC and the
induction motor IM. 1In this case, contaétors.16 are
required between the transformer T and the.induétion-

motor IM so that current may not flow into the
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|nvent|bn’in.mhich the transformer T is 25 inserted betwee

convert er’ unit PC and the induction notor IM In this case,

IMso that current may not flow into the -17- 1 transforne

the el evator car CAis accel erat ed. FIGL% 3hows still another enbodi ment

of the present I n entlon I N, whi th nDtorln ue control unit VR and
Fllge 43 VRt iatg far

ment

st¥racceiprarpd.
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e
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e contactor

ein uctlon not or y provi ding the

and 187 are tur and’ on respective in the

HP¥iEs t&PsT 88 Béoaaéraﬁshheaarnbdgﬁf&&ﬁraeea%sa§7that of the

unit PC shown in FI G I.n the enmbodi nent

shown in Fl Gor, méfl@rﬁﬁ@tﬁﬁk@b&elananéoh%aﬁ'ﬁbi@wcf@ﬁ aécé!néraﬂdUCt ion
IMat a position nearer to the notor | Mthan

not or

10

15

tion purpose are additionally required. Referring to
FIG. 7, tne'contactors 17 are turned on in the
motoring mode, and the anti~parallel circuits of

thyristors 31, 32 and 33, 34 are inserted between the

phases U, W of the AC power source and the windings

u and w of the induction motor IM, thereby providing

) thensame_arrangement as that of the motoring torque

control unit VR shown in FIG. 5. The contactors 17

and 18 are turned off and on respectively in the

. deceleration mode, thereby providing the same'arrange-

ment as that of the power converter unit PC shown in

FIG. 5.

20

25

In the embodiment shown in FIG. 7, the
contactors 1l and 12 are connected to the induction
motor IM at a position nearer to the motor IM than
the contactors 17 so as to make unnecessary the
switchfover of the gate circuits of the thyristors.

The method of inserting a transformer as
shown in the FIG. 6 embodiment is suitable for

application also to the arrangement of FIG. 7 in which

~ the motoring torque. control unit VR and the power



contactors 17 so as to nmake unnecessary the switch-over of the gates
c¥ytuits, of the thyristors. 25 : The nmethod of inserting a . .
ransforner as. shown in the FIG 6 enbodinent is suitable for ‘appli.cation _
alsoAo the arrangenent of FIG 7 in which the notoring torque control unlt,\J
VR and the power - -18- 1 converter unitjg&include thyristors common to
each other, as described below. FIG 8 shows yet another enbodi ment of the

present i nyentdeivatiah usie POdiAblate0thyh iidtors admibwetd adehn in F|G-&4
7 in that the common thyristors 31 and 33 in the forward converter are

repl.aced by bigliNeac} igmadeseonibed betownts FLS respectively. In the

enbodi nent shown in FIG 7, all of the four conmon thyristors 31 to 34 are
required 10 to have a EIGci 8 yshawgeyertoago therx enbad inémt i oflutheon not or
IM In contrast, in the enbodi nent shown in FIG 8, the bidirectional _
controll ed el pregentlhventianewhighi ded at modbiicationcofapheity, and the
remai ni ng ten thyristors need-not have a | arge 15 capacity. Further, the -
nunber of $he emhadiment sowndingFIGn Ae ide dehe MQEMOn and 11 show

ot her enbodi nents of the present _invention. In these enbodi nents, the power
converter uni tth¥SiEHk9%s e 1|%n§h§3dé8eFBPa@FﬁV@ﬁﬂk9QHVQF$?rs%r?hat t he

structure of the power converter unit PC ca lifie
replaced by bidirectional con ro ents FLS

respectively. In the embodiment shown in FIG. 7, all
of the four common thyristors 31 to 34 are required

10 to have a capécity large enough to control the
induction motor IM. 1In contrast, in the embodiment
shown in FIG. 8, the bidirectional controlled elements
FLS only are required to have a large capacity, and
the remaining ten thyristors need not ha#e aﬂlarée

15 capacity. Further, the number of the cont;ctors 17
and,lS can be decreased,

FIGs. 9 and 11 show other embodiments of the
present invention. In these embodiments, the power
converter unit PC operates in the deceleration mode

20 only so that the structure of the power converter unit
PC can be simplified. |

In the embodiment shown in FIG. 9, the power

converter unit PC is éntirely composed of single-
' phase circuits. Thus, this embodiment is featured by
25 the fact that the regenerative braking torque is
produced within the range of.SL < O'on the low-
frequency single;phase torgque curve, as shown ‘in

FIG. 10. Although the magnitude of the regenerative



In f’e enbodlnent 'shewn in FIG 9, the power converter unit PCis entirel
conposed of" S|ngle- phase circui'ts. Thus, this enbodinent is featured by
2 the fact that the regenerative braking torque is produced within the
ge of SL < 0 on the |low frequency singl e-phase torque curve, as shown
|n FIG -10. Al though the magnitude of +h&9regenerative -19- 1 braking
qP?ue is less than that of the three-phase tor%ue curve shown by the
do

ed |ihe, bFaking toyquendseess khan sthak ¢ the tbrﬁg‘@b@ﬁ@m cally
greatly advant ageous, in-conparison wi th the_enmbodiment of FIG 5, in
that the nunB%FgB? FH??’FSFGP?"CQY fheaetrdligeei 4nt Fﬁﬁonﬂto\nelﬂ’@ and,
al so, a trans- rner T ase can be us pl ace. of the
t r ansf or mer qmle? tmeat. ﬁ%@ q%h%@st%rﬁ%kﬁﬁﬂ‘?ﬂfﬁg}ngrPﬁ% ch the 10
si ngl e- phase n_on roduced, e cou h uch a
proglenPthat éﬁ%ggFSF Fﬁg 9&r&§@%ﬁﬁiﬁﬁ tﬂi%& ﬁngH% OFevator car

oC only S PORESE 8¢, Enl YBIREY, M ?%.@*w*‘é’%#%esp‘i?gﬁ% boolying

only. Fbwever I'em Ca

necessary St&éékéﬂs al‘q eeq_ q-._r% Can h%?&retg 89 LOEQ#SPCOH'[I’M un

VR. Once started, evator I Ven o run-a he | ow

s e TSR o e b b e B plAGh BE WS
three phase #¥afgformer T of three-phase.
l The system shown in FIG. 9, in which the
10 single-phaée tofquo can only be produced, is encountered
'with such a problem that the starting torque'oannot be
obtained, and the elevator car CA cannot be run at a
low speed under control of tho power converter unit PC
only. However, this problem can be easily solved by
15 applying necessary starting torque under oontrol of the
motoring torque control unit VR. Once started, the
] elevator car CA can be driven to run at the low speed.
The embodiment shown in FIG. 11 is a modifi-
cation of the embodiment shown in FIG. 9 in that the
20 inverter only is composed of a three-phase brldge
circuit. .Thereforé, the elevator car Ca can be run at
a low spoed for the maintenance and inspeotion'purpose
under control of the power converter unit PC'only;
It is apparent to tnose'skilled in the art
25 that suitable combinations_of_the aforementioned

embodiments can also exhibit corresponding effects.

it




it. Therefore, the elevator car CA can b at a low speed for thRe *
manb%t nance and inspection purpose under cont Mverl er “i,
Conly. It is apparent to those'skilled |ym ar suitable
nations of the aforenentioned enbodi nents é M’

/control -

correspondi ng effects. -20- CLAIMS: 1. An° A e!

~apparatus for use in an AC el evator-gystem including a three-phase AC power
source, a three-phase induction notor, and an el evator car and a
count er wei gligtapusspended fromthe opposite 5 ends of a rope trained around -~
- a rotatable nmenber and driven by said induction notor, said apparatus
conpri si ng: 1eans. f ain agp¢@levabor Aonproieappdraths formesd riagareACyebesvasar d AC
power source fromsaid AC power source to said i-nduction notor to control
not ori ng t orsystent linchefingta Ithuee-phase Alapavwes! eource, & ahrepephase sindnctionl0
accel erati on node; and a power converting unit for supplying AC power of a
frequency | oaeer i ad amelevstorgar Al goweuntegweightt suspended farom tthenoppasate
to control notoring torque thereof at |east when said el evator car operates
in a dece? erends of AotRpe trriped around gyyopgtablemamber Bk fBiveRpPaSAids as
claimed in Claiml1, wherein said notori nﬂ torgue control means includes

swi t ch neandnA@FtioBMRIOTs il RRPATAEYS S duction nmotor to said
t hree- phase AC power_su direction of ase rot tlon corres ng
to a desired running™ %‘%l’? W@f é&{em 8# i‘g}@

ool L0 B A Ak, Dy L e Sl il

motoring torque thereof at least when said elevator car operates in an

B

10 acceleration mode; and
. a power converting unit for 'su'ppIying AC power of a frequency

lower than that of said AC pc_mei source to said inductioh motor to
control mtoring torque thereof at least when sai_d elevator car operates
in a deceleration mode. |

15 2. An AC elevator cantrol apparatus as claimed in Claim 1, wherein
said motoring torque control means includes sﬁitCh means fdr connecting
said three-phase induction motor to said three-phase AC power supply in a
direction of phase rotation corresponding to a d_esired running direction
of the elevator car. |

20 3. An AC elevator control apparatus as claimed in Clain 1, wherein
said motoring torque control mea.ns includes ant.i-pa'rallel-connected
thyristors or bidirectional cmtroll'ed eleménts inserted in at least one
phase beﬁem said three-phase AC power source and said three-phase
induction motor. | | |

25 4. | An AC elevator control apparatus as cla:med in Claim 1, wherein

said power convertmg unit is



thfrrstors or bidirectional controlled elenments ins st _one \
phas‘e bet ween sait d t hree-phase AC power source and: s hase
i nducti on not.or. 25 4. An AC el evator control mm B M’ med i
Cdakm 1, wherein sai d power converting unit is -21s

suppl y AC’ ‘power of a fixed predet ernZhed | ow frequency. 5. An" AC

~elevator control apparatus as clained in Claim1l, wherein said power
-conwerting unit is arranged to supply AC power of a plurality of .

~predetermn i t e Srmingd 1R P&}"EHS’- -
plurality or%rr)‘rgegeterm ne equ nci I(egd}i((::i?)rrespcc)% Ing to t{11e pog on ‘of the
‘el'evator carsis sel egj igl g1dvatee c%HEPél Afpdrathdi 45 cOsMeld B CTRIRL, ©-

An AC el evator control apparatus as clained in Caimi1, wherein sdid power

converting uhereirehid gower convertiap it o uresngedgtd Guppy AC pewed' of
supplied fromsaid three-phase AC power source into DC power, and an

inverter fora phurality of paedbtBininededifferent\Erpquencies, and redRuRQ powepwer
than that of said AC power source. 7. An AC el evator control

appar at us5asofc baé refdthe plueality of predatienminedd foenuenciesr correspoadiggdte o
convert AC power of selected single- 15 phase supplied fromsaid

t hr ee- phase the pesidion @fr the ielewator earnds, selectable tonber supplied o saifed to
convert said, nglomer i nto single- phase AC power. 8. An AC el evat or
control app ORsMOLi-ed in Claim6, wherein said converter IS arranged

e o Ry SR Sl IS SRR BIRB T e <o
conver.t sai %Qgeﬁ?\égld tc@n\ergrtnﬁgs&i%cl&q\{\ﬁes a converter f_or converting
10 the AC power supplied from said three-phase AC power source into DC
power, and an inirerﬁel_' for converting said DC power into AC power at
a frequency lower than that of said AC power source.
7. An AC elevator control apparatus as claimed in Claim. 6,
.'wherem said converter is arranged to convert AC power of selected smgle-
15 phase supplied from said three-phase AC power source into C power,
and sald inverter is arranged to convert said DC power into single-~
phase AC power.
8. -An AC elevator ‘control apparatus as claimed in Claim 6,
wherein said converter is arranged to convert AC power of a selected
20 single-phase supplied from said _.three-phase AC power source into
DC power, and said inverter is arranged to convert said DC pdwer into

three-phase AC power.
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-22- 9. An AC el evator control apparatus as cl,a in Claimé6,

/~wherein said converter is consti- tuted by a thyri stimﬂm‘uﬂu ﬂ,’,ﬂ | &fd-
}Sﬁ ch neans are provided for inserting selected oness0f¢ L rsin

aif bridge circuit between said AC power source and said induction“motor

- sO0as to control the notoring torque by 23ie& thyristors inserted between
said AC power source and said induction notor. 10. An AC el evat or
control appagatus as clam & elevadtom Gontibel capparalttasstasorcd afmedie -
thyristors constituting said bridge circuit is replaced by a bidirectional’
control |l ed eirneiaimabgd sdietdiindisaid i coaversetrr disl ednstdment is i nserted
by said switch neans between said AC power source and said induction notor.
11. Antuted| byawrothyriiatar dpptdge elrcuitai apd swidticki memnswherein a
transforner is connected between said AC power source and said converter. -
12. Anare pPrevided £on dnsephingisslegtedapnesd Pk &b€ m 6, wherein a
transfornmer is connectéd between said inverter and said induction notor.

13. AntRYEEBERRSo AN SR Prifgs f£ixcpif Betvesny$aid &G RAWRT system
i ncluding a three-phase A wes source .t hr ee- phase i nduct.ion notor, and
an el evator B3RTGRd3R @ﬁdggxﬂé%‘ff%smﬁ%ds?rﬁ% ?'f?ec_e _Qlté:_ ds of a
rope {1l nedy Bt eutile? ol il JIEI nflfs oY InBUr Yl Helliidd O Mt or

. said AC power source and said induction motor.

10. Aﬁ AC elevator contfol appératus as claimed

in Claim 9, wherein at least.one of the thyristors
éonstituting.said bridge circuit is replaced by a

' bidirectional controlled element, and said bidirectional
controlled element is inserted by said switch means |
between said AC power source and said induction motor.
11. An AC elévator control apparatus as cléimed‘
in Claim 6, wherein a transformef'is cbnnected betwéen
said AC power source and said converter.

12. | An AC elevator control apparatus as claimed

in Claim 6, wherein é-trénsformer is connected between
said inverter and said induction motor. |
13. _ An AC elevator cohtrol apparatus for use in
_an.Ac elevator system including a three-phase AC powér
source, a three-phase induction motor, and an

.elevator car and a counterweight Suspended from the
opposité ends of a rope trained around a rotatable
member and driven by said induction motor}-said apparatus
comprising:

a thyristor bridge circuit connected at its




a thx¢r§tor bri dge ci.rcuit connected at its - AC i nput termin

short- circutting term nals between DC sides of a s
c&nStltU'lng said bridge circuit and connecting the
points to said induction notor when *said induction notor operates |n a
nmotoring node; an inverter connected at_i3$ AC output to said inducti
nmdw6r; and second switch means for decel eration purposes for 10 conne

the DC side okc sghputhybkmlina 1l itdde£id Al tpdwet hgoblchDput of said
I nverter when-said induction notor operates in a deceleratlon node in

response to the turningfbfdt ofitehimedns Sor QbtéXtatEpu
el évator control apparatus for use in an AC el evator gy?})eﬁ?%ﬂaﬁbﬂrﬁg

als .
sai 0 ‘AC power ‘source; first switch neans for accel e M (’ E oses for ’@
"ﬂ“l e ar

t heee- phase  pciseniting terminalsibeewgdnbe sikids aifisose bt 0ed GnE G

on
cting

An AC

evat or

caf and a count erwei ght suspended fromthe opposite ends of a ropéatralned
around a rot aaxms ecorabdrusndg2add \eridge salxkw htuand CCoNME®E 5 n g A

onprising: a full-wave bridge circuit connected at |ts A
poRPr Sngireuikad ReLadsndFR A4 rinduehiPn contool diesh el enent
connected in at_ least 25 one of the arms thereof; first switch neans

.apparatus
to:said AC

accel erat.i on
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I nput

for
brldge

an inverter connected at its AC output to said

induction motor; and

second switch means for deceleratlon purposes fbr.
connecting the DC side of said thyristor bridge circuit
to the DC input of said inverter when said induction
motor operates in a'déceleration mode in response to

the turning-off of said first switch means.

14. | An AC elevator control apparatus for use in
an AC elevator system including a three¥phase power
soufce, a three-phase induction motor, and an elevator
car and a counterweighﬁ 5uspended f#om the opposite
eﬁds of a rope trained ground a rotatable member and
driven by said induction motor, said appar&tus
comprising- _ |

a full-wave bridge circuit connected at its
AC lnput to said AC power source and including a
bidirectional controlled_element connected in at least
one of the arms thefeof;

first switch means:fbr accelefatian purposes for
connecting the DC output of said full-wave bridge

circuit, which provides one end of said bidirectional



! ot ing node; An inverter cornected at its AC output _
rmt;}(\ ;. dand S second switch nmeans f_or' de_'cell ﬂm m @ for

circuit, which provides one end of said bidirectional =~ -24- controlledb
eqment, to said induction notor when said inductio

onngcting the DC output of said full-wave bridge cir 4 nput

o) aid inverter when said induction-2getor operates in a decel eration node -
in response to the turning-off of said first switch nmeans. 15. -~ An AC -
el evator control apparatus as clained in Caim6, 10 wherein said converter ’5"
i s a forwar dcantrodléd elémentf, utd -saddeindactidn notort when shid Haddcrjvnvweotor. .
supplied fromsaid AC power source; and DC power supply neans are connected
to the DC i npperagessia @ motoging modes. An AC el evator control apparatus .
substantially as herei nbefore 15 described with reference to, and as :
illustrated in, Fi guABsinvergen coppegteduat 5 & oufpuf docsaid imdugkien 7, or
Figure 8; or ures. 9 and 10; -or Figures 9 and 10 as nodified by Figure 11
of the accor‘rﬁﬁ?ﬁ%’nﬁn dr awi ngs.. The text of the specification has been
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inverter when said induction motor operates in a decelera_tmn mode

in response to the turning-off of said first switch means.

15, An 'AC'elevator' control apparatus as claimed in Claim 6,
10 wherein said converter is a forwérd converter for full-wave rectifica-
tion of the AC power supplied frbm said AC power squx_'ce; and
IC power supply means are cprhected to the DC input of said

inverter.

16. An AC elevator control apparatus substantially as he_réi.nbéfore
15 described with reference to, and as illustrated in, Figures 1' to 4,

or Figure 5; or Figure 6; or Figure 7; or Figure 8; or Figures 9 and 10;

or Figures 9 and 10 as modified by Figure 11 of the accampanying drawings.
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typesexipt, It say oontain & fev samndnmts which are uzncu to read. The original
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