APPARATUS FOR CONTROLLI NG AN A-C PONERED LEV. ATOR Field of the Invention:
The present invention relates to an i nproved’ apparatus for controlling ant-
«elevator that is drlven by an -a-c nmotor. 5 Description. of the Prlor '
An |nduct|on notor ‘is often used to drive the cage of ar.elevator.

case, A C power havi ng a variabl e voltage and a vari abl e frequencyggé% ned
.thbpugh an inverter is supplied to the electric notor to contr

running speed, as shown in Fig. 1. In Fig. 1, reference nunera enotes.a
_ ‘power ‘supply, nuneral 2 denotes a well known typ'e of "i nverter which
“consi sts of transistors -and di odes and whi ch supplies A:-C el ectrlcopower of

-a variable voltage and a%ﬂ?@%coﬂ?mﬁﬁyg%f“'ﬁ PEWERER\EHFTATOR

~-modul ation system nuneral -3 denotes a three-phase.induction motor which

i 5 power ed by the inverter 2, nuneral 4 denotes a drive sheave- of - a -

hoi st which is driven by the electric notor, nuneral 5 denotes a main wire
mpund around the sheave 4, nuneral 6 20 denotes a cage connected to one

end of the nmain W T €p R gNY f@?ﬁ%l %%ékﬂyghes a bal ance wei ght connected to the-::

- other end of the main wre nuneral 8 denotes a control circuit for
“controlling the output vol tage and output . “frequency of the inverter
based upon a vol tage ‘i nst r uctthenpredens wveménarélrae‘-qaemm Mmmm on

-value FW Here _aopa:atus for controll;nq an. elevator that is driven by an

' a=C motor.

5 Description offthe'P:io: Art:

_ Ao induction moto:'is often used to drive the cage
. of an elevator. In this case; A-C poﬁer having a variablep
'voltage and a vsriable .requenoy obtained through an anevte:t
s ig sunolied to the’ electric motor to con‘-*-o1 its running
je speed, as shown in F;g. l.
Co In Fiq. 1, re‘erence numeral 1 denotes a D=C

' power supply, nume:al 2 denotes a well xncwn type of inve:te-

which ‘consists of transisto:s and dzodes and which supol;es 'ﬁ .

a-C electric power of a variable voltage and a ‘variable
-equenoy cf a pulsevwidth-modu+ation system,.nume:al 3

”denotes a threeéohase'induotion motor *whioh~is ooweredﬂ

'7by the iuver.er 2, numeral '3 denotes a d:ive sheave of - ;_m;1¥

a hoist which is d:iven bv the elect'ic motor, ‘aumeral 5
_ _deuotes a maiu wire wound around the sheave 4, numeral &
20 deuotes a cage connected to one end of the mazl wire :,
nume:al 7 denotes a balanoe weight connected o the other
end of the ma;n wz-e S, end nume:al 8 deqotes -a control

ci:ouit for cont.ollxng the ou put voltage end outout



the voltage instruction value Vr varies nearly in proportion to the
-.freqﬁsncy instruction value Fr. Being controlled by the control circuit 8,

t he

verter 2 generates an A-C electric power.-having a variable voltage
and

vari abl e frequency with a phase sequence that corresponds . to the -~ -

~operation direction of the cage 6. Therefore, the . notor 3:starts to.run-in

- a direction 10. deternined by the phase sequence of i nputs. Thereafter, thg s

[ —

vol t age on the outputs of the inverter 2 cortrol the running speed of the

- motor, thereby controlling th g uglq_:ng ‘-343:6%(;523 e gaggltg]g They J'%Q?rom t he

speed of the cage 6 °AHgYe over e range of spee
start to the stop tvEQﬁé!Qf- ahg a&e&&hén&pamJWevaLMm tmaemtor 3is

~driven by the inverter 2, the notor 3 devel ops a. torque ripple havin

frequency of 6nf (\Aﬁépevqiﬂ-ﬂaselmi"-mstim -V-alaﬁd"’f variescneaniguin fﬂré’aﬁgﬁt‘if‘ of .

~the inverter 2). ' ntgg rteg :E‘gnq_ugt%% ﬁ@gﬂ@@%hes t he resonance .
evat or

frequency of the nmechanica

for exanple, the
natural frequenay of the mai aef.me:di)::omea ayi tire icpntrahsitirttitl 8.ntt:het he

..cage 6 which greatly reduces the confort of the passengers therein, I\4\/A
OF THE | VENTI ON 25 ‘invester 2 genegpre; 83 dinf PROTRICOROYES iMaV Bt JATLE0L

“inprove the above-ngg Q‘#)a(e;(lnge; ah@ﬁé@qu&ﬁ@y QhjraCh ﬁa&hgemt ion.is

to prow de an: appar at us

contro Ing an "A-C
that oor responds to the operat;on dzrection of the caqe 6..

.Therefore, the motor 3 starts to run in a direction
‘jb _ determined by the ohase sequenca of inouts. *herear.er,__]
the voltage on the outputs oz the znverter 2 cont.ol the
runn;ng speed of the motor, thereby oontroll;nq the —unnxng
. speed of the cage. 6. ' '
_ The runn;ng speed of the cage 6 must be controlled
ur'-over a wide range of speeds from the s tart to the stoo
thereof. As is well known, however, when the motor 3 zs'
:ﬂ'driven by the inverter 2, the motor 3 develops a torque
'_ripple having a: ‘requenoy of 6nf {where n zs 1, 2, 3, e————,;
and £ is .he output frequenoy of the 1nverter 2)._ When |
-~ 20 .the.torque rzpple approaches-the resonanoe ﬁrequenoy of-
the mechanical eyetem:ofﬁthe;elevator.&for_exeﬁple, the
~ natural frequeocylof_the;ma;n:rogei5),~vibratron is
- trenehitted_into,the:oage_s-which greatly reduces the

- comfort of the paeseogers therein.

SUMMARY OF THE INVENTION

The present anentzon is Lntroduced to improve -
'the above—mentioned defect. Nemely, the object of the

_anentxon is to prov;de an. apperatus for cont-ol an an APC



2 . . ’ .

3 powered el evator; in Wwhich when the frequency instruction value lies
wthin a- predeterm ned range of frequencies -an A-C el ectric power having 0
fv equency which |ies outside the above-nentioned frequency range is- ._ )
produced by an-inverter, .so that the -torque ripple of the electric notor
wi il .not be within the resonance frequency of the mechani cal “system BRI EF
DESCRFPTIO\I OF THE'DRAWNGS.Fig. 1 is a diagramill ustrat i ng the setup. of
a’ conventional appar at us for controlling an A-C powered 10 elevator; Fig.
2 iNsa diagramillustrati ng the setup of an apparatus for controlling an
A-C powered el'evator according to an enbodi nen® of the present invention

Fig. 3 is a‘diagram |d»dmadaéls%gtbhe inRHLAWD YinRut tdd fvegaéx?é-‘yt ehkstigoaf -
t he frequency converter circuit of Fig. 2, Fig. 4 is a diagram of curves
whi ch represent . r unni YRj3&peies \Yé‘-h%'aﬁqﬁee‘%%ﬁ%ﬂéﬁ‘|%%nﬁes°bff=telqeemﬂ$r: of -

Fig. 2, Fig.. 5 s a difgraniddedst r%’dgeggna eng’ ng'éé?iléégm hzi%& éb'rsdrﬁui"ﬁlde -

-char act eristics of a voltage conver circult [
whi ch the- frequency cthey aboes-ment-Londd anelquédw raigeage fiaReliChy G CUI t-
are realized usrng_ g{v circuits; . 7 1s_ a diagram which

strates

schematical Iy ill Vst sPh’éh%‘br?P@nF%“?‘écBFE%‘rf PR She electric -motor
function- gener ati ng RAVLOhofita wﬁthﬁﬁ@he resonance ‘frequency of the mechanical

) SYI bem-.

: Bazzr' nssca’:?uoﬁ"or m' DRAWI'NGS |

Fig. 1l is a diagram illastrating the setup of -

a conventional apparatus for contrclling an Aec powsred

j0 elevator; o
fig. 2is a diagram illustrating the setup of_ _
an apparatus fcr‘contrclling an A-C powered eievator |
;acccrding-to an emhodimsnt of ths present ihvsnticn;
© T Pig. 3 is a diagram ilidstrating the innut/cutput
' characteristics of the freauency converter circui* of Fig. 2-
Fig. 4 is a diagram of curves which represent
running saeed vs. t::gue charac-eristics of the motor of
Pig._z- | . , |
_ Fig. S is a diagram illustrati“g the i1put/output.
' zg E characteristics of a vcltage converter cireuit;
Fig. 6 is a diagram in which tne frequency
converter circuit and. ‘the voltage ccnverter circuit are .
:rsalized using digital circuits;_
B Fig. 7 is a diagram which scnematicaily illtstiates

_1::' the. ccntents recorded in a ‘unction-generating ROM of Fig. §;

and



- numeral -

4 Fig. 8 is'a flow chart illustrating the operatlon of Fig. 7. In the

~drawi ngs, the same reference nunerals denote the sane or correspondi ng
: |ons 5 . ; The invention will be described by way of exanmpl e.
‘reference to t he draw ngs. An enbodinment of the invention will. be-

dESCI’I bed™bel ow i n conjunction: with Figs. 2 and 3,:in which ref erence

9 denotes a frequency conversion-conputer which 10- converts thev
frequency instruction value Fr into a frequency instruction value Frierr]’
and sends t to the control. circuit 8. The ,other portions are the same as™
those of Fig. Fig. 3 illustrates the reﬁ’atlonshlp bet ween the freguency

“instructi.on vaI ue Fr and thg érqqligngynda,saam mmus&amague@moe-mﬂ%, n .
-FC.denotes an out put frequency of the inverter 2 at-which the generated

torque rippleis atoftiaﬁg.rasonant frequey of: the mechanical system of the -
el evator. The frequency FC |ies betvve SOLENRCY Eézé{d.d Auhéradsency F2,
wherein F1I - Fc < Flerr] Iﬁ"FF‘be gﬁ%?va ue of F?[err] Is 20+ as -

. follows: Wen.F[ e'r F_JenEO<Fn[.ﬂ shme or correspondinfréqantﬁ-]ms‘:' F2-For all ot her _-
cases, Fr1 r nsequently, if the frequency instruction value Fr-

- given, the. freq_:pency conver sh@nifventishesild bredescribed piewaysof exefifiency
i nstruction -val ue Fr1l according to the relation.of .Fi g 3. Therefore the
cont’ roI “Ci rcui t 8 cfithredferdrice to the drauu.ngs. |

An embodiment of the invention will be deecribeo
- neiow in conjunction with Figs. 2 and 3, in which reference
'numeral 9 denotes a frequency conversion cumputer which
: 10 uconverts ‘the ‘requency instruction value Fr into a ‘requencv
:.ins.ruction value- Prl and sends: it to the. control Cchu;t_sff
The other portions are the same as thoee of Eig. l.
Pzg. 3 illustratee the relatiorehip between tne
-"frequency instruction value Fr and the frequencg instruction-
.15_' value Frl, wherein Fc denotes an outcut frequency of the; “
inverter 2 at which the generated torque ripole is atltne o
resonant fr-quency of the mechanical system of the elevatcr.
| The frequency Fe lies between a frequency Fy and a ‘requencyﬁ
._Fz, wherein Fl < Fe < Fz. In Fig. 3, the" alue of Frl is
20 as follows:

' when F]. < E'r < E‘z, S -E‘rl =. Fy
fFor all other cases. - E‘rl = Fr

Consequently, if the frequency inscruction value Fr |

"is given, the frequency conver51on computer9 generates the

25 .frequency instruction value Frl according to the relation
=3 ___'of E‘.ig. 3. 'rherefore, the control circuit 8 contro].s the _

.. inverter 2 so that it produces the output frequency :rl



*inverter 2 so that i't produces the output frequency
. Accordingly, if the frequency instruction val ue Fr

Frlerr] 5

i Nncr eases and reaches S
beconmes F2, and the

Flerr], the frequency instruction value Fr[err}] e
:“frequency i Astruction val ue. F2 is maintained until. the value Fr. reach he
val ve Flerr].  Further, when 5:the frequency instruction val ue Fr decr eases
Is held at F[err] until .

Bel-ow F2, the- frequency |nstruct|on val ue Frgerr]-

he'frequency |nstru§£é
uency instructi-on v

e Er becomes F|err at which time, the

é‘rfr L FETFRATY 1pEkERAtdoR  Walue Epninaresses v,

€4
the i ver ter 2 does. mma :reeenbu:é!' Lhend epaugeny. 10sekieath fusiguaes desgngnce
- to develope in the nechanical system of the élevator. cco é;;?

resonance does not otzurttnthe, TREESRAY] éa#tmﬁ.emvand rgascaaixoeatine& t he

the above case, if only

passengers in the Caﬂ&i@. kfe '@lﬂ# EQacg‘os\CAﬁ:a vne[ Fe- f rEFSRARY when

t he frequency 15 _instruction val

‘instruction valu@ Frthpodsequencyf iqnimec!uxi hralleﬁp@é?'fdek?eﬂ'e% 58&&&%3

instruction val ue Vg Therefqre, the notor produces ‘a sud

en chéng

torque which affects ﬁeﬁge??nﬁFﬁE'WiPﬁeV@d’gerla#mhslm darF,yustfleehs the N
qyent ‘this effect from

confort the occupant&e&ﬁ’ency &n&t‘f‘ué%égg %al&&? I8CORAS i B YBARRIEARR ( not "

7occur|ng ' I's - 'desirable to provi

shown) in addl tion ttdet ﬁ%emanein;}:ruommr sremiie(ngp

dhitged thbedolEl #0

| tage i'nstruction el ue

convert the voltage L{#* |on e i'into-a
}gf Yer3er 2 does not produce the frequency

Vrl and- apply I't to t

) 10 Fc which causes resonance to develope in the: mechanical

system of the elevator. Accordingly, resonance dces not

occur in the mechanical system, and

the ccmfort ot tne

passengers in the cage 6 is maintained.

However, in the above case

_’f,. instruction value Fr is changed, the

» if only the frecuency

frequency instruction

< 'value Fr goes out o* phase with respect to the voltage

instruction value Ve. Therefore, tne motcr 3 produces a

sudden change in torque which affects the running of the

cage 6 and similarly effects the comfort the occupents

‘A0 in the_cage._ To prevent this effect.

frcm cccurino. it ig -

desirable to provide a voltage conversion computer {not shown)

- in addition to. the frequency .conversion computer 9, in order

-_cf_r__iy

to convert the voltage instruction velue Vr into a voltage
_instruction value Vrl and apply it to the control circuit 8
while adjusting the output voltage of the inverter 2 simul-i

taneously. This is explained below in’ conjuncticn with

Fig. 4.

apprcximately given by the following

The torque produced by an induction motor is

equati on, assuming that

: Sb'. the slip frequency varies within a small range.



25 while adjusting the output voltage of the inverter 2 simul- taneously.
Thi's is-explained belowin conjunction with Fig. 4. The torque produced by
an duction motor is approxinately given by the follow ng equation,

as hg that - - 30 the slip frequency varies within a small range .
[errT wherein: R denotes a secondary resistance converted into the - '
~primary side, Flerr] denotes a primary frequency, Fs denotes aslip
frequency, and VO denotes a voltage on the pgimary termnal. In the above ““‘.‘

~-equation (1), if V /F[err] is held constant, the torque T varies in

proportion to the slip frequency FV The foj_IO\an descri ption conshgers the
control ‘operation-where V[err]/F['Er’f] re n(ss' oﬁzstaﬁ's First; *the ase
where the nmotor 3 is being-accelerated is conS| dered The voltage -
“instruction value Vr reaches the voltage V[err] just before the frequency _
~instruction value Frlerr} rea&hssxaheR&rm@yaﬁchdﬂ heesi§tangmerating

point lies at-a point A on-a cury frequ cy the

frequency instruction val ue Iﬁ"f’gfﬁedi%ﬁﬁ%p%ﬁ PEHE 522?2 qu ﬁgnglg%/s[ age .

- instruction value Vr[err]- changegmiﬁorfgy&ugﬁyy[gr rdena%e,wegl,_bhgrééumb@g _
speed vs. torque characteristics-of the notor 3. Sare represented by a curve

12, 20 ' e The tor q@@eTV lﬁﬁn"lSE?c# é’qua%rqneé'thsP{}rm@ém sznal.
” In the above equatxon (l), if Vo/Fg is held

constant. ‘the: torque T varies in proportzon to the s.ip
f*equency Fg-. o _ '
The followxﬁg descrintzon consxders the control
jo  operation where Vo/Fg remains constant.' o “
| | First, tae case whe*e tne mo or'3'is'being N
acceleraﬁad xs cons;dered.' The voltaqe xnstruction value :
Vrl reaches the voltage Vl just before -ne f'equency . -
xnstruction value Frl :eaches the ‘-equency Fl' and the
/5 = operating peint lies 'at:e peiﬁg A on a curve ll. “As
 “the f*equency given'by*then‘?éQueﬂcy ins rustion value Frl '
. o 'changes from cl to Fz, the voltaqe znstruc*ion value Vrl .
'4“f,“”f“*'f'”'”changes from v, to VZ' so that .he running Speed vs. torque.
' ;haracteristics—of the motcr 3 a:e :e;resented'by e curve 12.
,io ¢ The toréuéjr'jnsﬁ before'it vafiee is given by,

T=K- ———-(

V o :
l 2 :

F' .- ....-(2)
Ry~ Fy S - '

‘and the torgue immédiately afte: it'is vafieﬁ is given by,

.rax-—( 2,2

)
Ry F

- (Fg + .(Fz_‘-. DR I

- Since the equatioh (2)’is equal to the equation (3),

eeeses(d) -

1
v,
[
N
- .
N B
<
-




3 .
[err] - . ' (2) and the torque imediately
after it is varled IS glven by, [err] _ I
(3) Since the equatlon (2) is equal to the equatlon (3) [err] . 7.Th
characterrstlcs in this case are as represented by a curve 12 in Fig.. 53\
Since € he .control operation is carried out with V[err]/F[err] bei ng
consfant, the value Vi*F2/F1 of the. equatlon (4) is equal to the voltage v3
when the frequency instruction value Fr is Fi That is, [err] Therefore, o
- even/when the frequency instruction value Fr[err] is changed, the operation -
poi nt- ‘A does not. change, and the, torque does not change either
_Thereafter - 10 -the voltage instruction va%ue Vr;g%% adua

I
increased fromV2 to V3 so that2e s8ap 5+ gaals rL ruenstelnl‘:e‘i

the frequency Instrucgg uelfrinrﬁfgvhes F@x;ﬂaertséorambheopwawes is
instruction value Vrl Should change according to [err] wherein: a denotes

V /Flerr], ‘Vr denot escarwidd age witht V(24 beinglcsashatey éhsevﬁb‘%/?{u,r%zl/ﬁaﬁﬂ
Fr _denot es a frequenc¥P6nstre¥g‘élﬁ vaane b f@é%%ovouage v, whelCleRg vari ed

Fig. 5 shows the rela gi ven
L ' 5 - frequency instruction value Fr is Fy. That is,
S SR J TRy R -
: VvV, =V .—_(...—-_—-—r ) eesee

"Therefere;:even when the freqneney'instructien
velue Prl is cnanged. the eperetion point a dees not _ _
| chenge, ‘and the torque dees not chenqe, either._ Thereefter,:
f}o " the voltage znstructien velue Ve, is gradually increesed '
o from v2 to v3 'so that the operetzon eeint moves on a line
.KE until the frequency Lnstructzon value Fr reaches Fz.

' Tberefore, the voltage instruct.on value V 1 "should cnenge _

ac-ording to
. SR Ve, =V _ -
s ST 3 Eg +iFy = FE)
ria_u__rs

-V, \[ 5. T
3\ rg + v

- vr) ceees(B)
wherein: a denotes Vb/FO' Ve denotes a ve’taqe
instruction velue before bexng varied, end Fr o
E denotes a frequency instruct;on value before
a0 R 'being varied. |
| | _ N Fig. 5 shews the relation between Vr and Vrl ngen _
" by the equetxon (5),; The curve 13 of Fig. 4 represents the
: running speed vs. terque cheracteristics when the frequency
- instruction value Fr; is F,, and the voltege instruction '-fi”

15 value vry is'V3. ‘By adjusting the voltage_simnlteneously



by the equation (6). The curve 13 of Fig. 4 represents the running speed
VSs. torque characteristics when the frequency instruction.value Frlerr] is
-and the. vol tage instruction value Vr[err] is V3 By adjustlng the
, age simultaneously  as mentioned above, it -is possible to change the
frequency wi'thout permitting the torque to be varied. Fig. 6 is a diagram _
of acircuit setup for carrying out the above-mentioned control. operatron\Ja
in adigital manner. ‘In Fig. 6, reference nureral 11 denotes a CPU, :
- nureral .12 denotes a function-generating ROM nunerals 13 and 14 denote AKD/
converters, nunerals 15 and, 16 denote D/ A onverters, and nuneral 17 '

denotes a bus conductor of the CP ney,gdg.gt:r.uctron g
‘val ue Fr and the \AS| PagEF99E: PRRNS- or‘i%vaﬁ & s\”/J'méler etccgﬁ?/ #eeq;, g| nto digital .

‘quantities by the W00 DeRh 8 fngl Tne ldorquadearse variedn the CPU 11 which
cal cul ates the frequency instruction-value Frierr] shown -in Fi 3.

. responsive to the frequencFignst riscii 8draPueE A %C“‘-arﬁftpﬁ’o es an

out put through the D/ A converter EeHPHQUSpdda28bh en above -'
description, the G351 e"r"‘efé %‘ %%vef%? d'v?nhﬁg si mpl e ‘?:pal “Cul ations: Wren Fr

< Hl Y f'&[x@iéil maEheWemnF?wr]e.<rEfesedéa numeral lkrdenotes = .
(7) Wen Fr >F2 Fr . Fr Further, when the vortgg |nstruct|on
is-to be changed i C@Hdewwaérb?/é‘(??°&°§lﬁjcfé‘ﬁc‘v'h‘?'f'§tef‘ﬁﬁa?‘ﬁgt0 ‘gu .

numerals 13 and 14 denote A/D converters, numerals 15 and "
16 denote D/A converte:e,_and.ncme:el 17 denotes a bus

_ condnctor of the CPU. | -

:;]b_ o . The frequency Lnstructzon value Fr end the voltage
Lnstzuctlon value v: are converted Lnto dlg‘tal quantit*es
by the A/D converters 13 14, and are sent to the CPU 11 -
which calculates the f:equencv Lnsuruction velue Frl shcwn

| ':.n F'.g. 3 respons:.ve to the ‘requency :.nst:uct:.cn value Fr
;)5’ and produces an output through the D/A ccnve:ter lS. '
As will be cbvxous from the ebove desc'lptzcn,

the CPU 11 performS'the following simple calculatzons:

‘When Fr < Fy, . .Erl = Fr
=  When F; < Fr <Fy, ?:l =Fy . eeeeedd)
._i01 'When Fr > Fy .:' ' ; Fr) = Fr

.Purﬁher}-when the voltage instruction is to be
changed in ofde::to.prevent'a sudden variation ig torque, -
tﬁe follcwihg values"ate;stcced-in the-functzon—generetinc
:RCM 12, end a vcltece inserﬁctioe #elte Vr, corres pondin

‘285 to the volcege instruction vr is read from the ROM 12, a“d o

. is produced as follows:



sthe foll owi ng val ues are stored in the function- generating ROVI12 and a
vol t age- |nstruct|on val ue Vr[err] correspondi ng- 25 to.the voltage
“instruction W js read fromthe ROM 12, and is produced as fol | ows: “‘:‘*_s'
{err], .That is, t he vol tage instruction value Vr is conpared with val us
stored.in the ROM wherei'n val ues given by the above equation (8) are -
stered in a formof a Table in.the ROM This state is illustrated in Fig.
75and a flowchart for . this case is shovvn |nf:|g 8. Referring to Fig. 8

. _tt)} voltage instr uction value 10 S i ntroduced in step 18 t.hrough the-
. converter -14 of' Fig. wﬁ,ntdf}_ed':vgtents Vr vof -aV€orrespond| ng. addr ess
which corresponds to. ‘the vol tage in

truction Vr is reagd i ’S[epFJ.Q fromthe:
ROM 12, and-the thus read value is. 8 ced | e Stee r

converter -16. Accor di ng t dMeReVpedEnt Hventldn ag1dé‘scrblb§db e, WYEh a
friequency instruction.value for controlling the inverter lies within a
-predeternined frequency range, a frequency instruction value V\/m ch I|e§3)
~outsid the above-menti onathehr ¥gueNgy range. i ¥r 1np3t"ed to the inverter. 20
" Therefore, resonance does -not take place in the mechanical system of 'the

elevator, ‘and the confort of passengers_in the ca bgp&@w&d;, .
Further, since the voltage i nsﬁ*ﬁ%t%’on%l" éteﬁ?ingégg‘?%%%g‘her wi.th the
_Change in the. frequencc\émb&s&{ With%iues stored in the ROM, wherein values:

given by the’ above equation (8) are stored in a £orm of

| a Table in the non. This state is illustrated in Pig. 7,
ﬁ'and a £iow chart for this case is shown in Fig. 9. _
“ Re'erring to Fig. 8, the voitage instruction velue L
T 10 . vr is introduced in step 18 through the A/D converter li
. of' Fig. 6. the contents Vrl of a corresponding address -
-’which corresponds to the voltage instruction vr is read
: in step 19 from the ROM 12,_and the. thus read velue is
t'~fg -produced in step 20 througn the D/a converter 16. o
e 2 According to the present invention as descrihed-
.:above, uhen a freguency instruction value for controlling
the inverter lies within a predetermined frequency range,
| a frequency instruction value which lies outside the
above-mentioned irequency range is inouted to the inverter._
_Elbti'.rneretore, resonence does not teke place in the mechenicel. |
- 'systen-of the elevetor. "and tne comfort o£ pessengers in o

_the cage can be improved. .
g'urther, since the voitage instruction value

.changes together with the change in the ‘requency instruction

value, sudden changes in torque are elimineted by changing_

| &3
Vi

the value of the voltege instructicn value accordingly in = .7

- said predetermined freguency range.



25 val ue,

frgapency range.
gd el evator,

into AC el ectric power

_ sudden changes ih torque are elininated by changing the value
-of the voltage instruction value accordlngly I n-said predeterm ned :

N - 10 CLAIL NS 1. Apparatus for controlling an-AC

conprising an inverter connected to a DC power. supply, .

- for energising an AC electric notor to drive an eltevator cage, and a

frequency,

converter which, when the frequency instruction value. 10

NAverter . belng controlled by a varying voltage instruction value and a
“varying-frequency instruction 5 val ue, for inverting DC electric power .
having a variable vol tlage and a variable frequency

i
Y

'|sa

frequency val ue wEEAIMSa range such as.to devel op resonance in a nechani cal

- system of the el evator,

instruction value_ lyin

' outS|de he resongnce frequency range of ‘s
- mechani cal systent*so ggp?ﬁatﬂ% o At qﬂ€§oﬁ8ngg ﬁ“gﬁfa eleve r*2

prov[dessald inverter with a converted frequency

Appar atus for contrglIngnéwgéxa§%g%¥é¥jégd%%%%% %ccgrgtng?tgacéﬁég *{ ]
u err

wher ei'n when the FelRhante fTequency Trang extends froma

to a frequency Flegpplikféftds Eﬂfﬂd]coﬁ¥¥$fﬁg% b

__value and the converted frequency 1 Instruction v

20

15

1nstruct1on value and a varylng frequency 1nstruct10n

_.value, for 1nvert1ng DC electrlc power 1nto AC

-

eleotrlc power having a“- varlable voltage and a

: varlable frequency for energlslng an AC e1ectr1c
o motor to dr;ve an elevator cage, and a frequency,
" converter wnich, when the frequency'instructlon value
'is.a-frequency valué Within a range.such'as to develop
- resonance in.a meohan1cal system of - the elevator,

"prov1des sa1d 1nverter Wlth a converted frequency

1nstruct10n value lylng outs1de the resonance

_frequency range of sald mechanlcal system, so as to.

'suppress resonance in said system.

2. . Apparatus for controlling an AC poWered'elevator'
_'according'to claim,l, wherein'when'the resonance

" frequency range extends from a fregquency Fl to a

frequency Fz (Fy <3F );'anthhe frequency instruction

value and the converted frequenoy 1nstruct1on value'
.'are respectlvely denoted by F and F i, the

_frequencles F1 and._F2 being included in the'frequency

U

zequegeylhaswsye&ggn 20 .



.are resoectively denoted by Fr and Fr[err], the frequencies F[err] and F2

sconverter delivers a converted frequency instruction vaIue of: [err] -3

‘Apparat-us or control ling an AC.powered el evator according to.claim 2,
wherein the frequency instruction value F varies so as to increase or r
- decy ease'lrnearly and when t-he frequency instruction 10 val ue Fr approaches
t he range determ ned by the frequencies Flerr}land Flerr] in either '
.Nrection,” said frequency converter delivers the specified converted S
- frequency instruction val ue. paratus for controlling an' AC-powered
el evator 15 accor dPﬁﬁrt‘SttPar Walsue %?(e'r egiar'?'dsafr"&‘*ﬁ’F@ﬁMeﬁB?"%Bﬁ%’ér?%r1""3 ;
-conprises:. an AD. convertg dmp i ch conveggi fregugn #nstructlon val ue -
Fr into a digital 2qG8RYPEY®Ca" TR SHiXH é@ﬁr °Ag ' £0“Th&blt put val ue of
sai d A/ D converter, effects a priedetergmi ned cal gylagi an gor the 20
f requency |nstruct|on value F soths t & generate thelfr frklfuency
i nstruction val ue. Frlerr]; and oF A,qonverter mhbch oOnwer&srtheoputput
fronrsald CPU into an analog quanttty.. 2 o :
5 Fg = Fe : for F, < Fo

.being included in the frequency instruction value Fr, said frequency
&

2

._3.'._Apparatusufor controlling an Aclpowered elevator
aecording to claimgz, wherein the'frequency. |
'instruction value Fh.varies 8o as to increase or

' decrease 11nearly and when the frequency 1nstruct1on

10 .value F epproaches the range determlned by the
| .frequencles Fl and F2 1n~e1ther d1rect1on, saxd
b S frequency converter dellvers the speclfled converted

'frequency 1nstructlon value.

4. .Apparatus for controlllng an AC powered elevator
lS_.accordlng to claim 3, whereln sa1d frequency converter
comprises: an A/D converter;uhich converts_the
frequency instructiongvalue}Fr.into a digital quantity:
.”:'a"CPU'which;'accordlng to-theoutput value of said A/D
-converter, effects a predeterm1ned calculatlon For the
20 Frequency 1nstruct1on value F so as to generate the.
Frequency 1nstructlon value F 1, and a D/A converter
- whlch converts the output from said CPU 1nto an analog q

quantxty.

R



- - 12 - 5. Apparatus for controlli ng an AC powered el evator according,to
_any ) ecedlng claim further conprising a voltage converter which, mhen
“sai quency converter- operates, gives said inverter a- vol tage -5.°
| nst t i on. al ue .corresponding to the frequency instruction val ue : e -
del i vered by said. frequency. converter. 6. Apparatus for controlling “an AC _
-power ed el’evator according to claimb5, wherein said voltage converter.
cdnprises:, an A/D converter which converts a ¥l tage 10 - instruction val ue
Vr into a di gital. quantity; a ROM which pre-stores functional val ues
- corresponding .to predeterm ned v | ues Vr V\:hl ch .

| .

reags out the val.tPage ﬁ?ﬂ%"tﬁ‘éf‘%%"%gggal‘n # u'%’:élao'(r':]opf eosoﬁ'oerfcfdngeled ress in:
ROM to .15 th - nAnd

S RO rehOnag e RSB Y A 001 7 LA CUEIringnd o

" DIA converter .whi &f age. instruct! on | nt o -an
‘anal og quantity. 7 yqy f%to'fs%efr%rcomml i #éin adla AL ﬂqca/ap.reaﬂ:yel evat or,
substantially as Rerein described with reference to 20 Figures.2 to 8 of

‘the dramnngs }{f converter operates, gives sald 1nverter a voltage

'5 ';1nstruttlon value correspondlng to the frequency

11nstruct10n value delivered by said frequency converter.

6. .Apparatus for : controlllng an AC powered elevator
accordlng to c1a1m 5,-where1n said voltage converter o
ucomprlses- an A/D converter whlch converts a voltage
llo instruction value.V 1nto a dlgltal quantlty a. ROM
'wnieh'ore-stores functlonal values correspondlng'to;
- ' _ ' predetermlned voltage 1nstruct10n values V 1, a CPU
| whlch reads out the voltage 1nstructlon value v, £l
f of a corresponding address in said ROM in response'to
: 15e the output value of said A/D converter- and a D/A
- converter which converts the voltage 1nstruct10n value'

rl-lnto an analog-quant;ty..

7,.. Apparatus for controlling an AC powered elevator,
lsUbstantially.as-herein described with reference to

20 Figures 2 to 8 of the drawings.
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