2155260 ELEVATOR CONTROL APPARATUS Background of the Invention This

invention relates to an el evator control apparatus which enpl 02(155%9
zxgégtion notor, and nore particularly to a control apparatus ors
fl

-

elimnates a magnetic flux ripple ascribable to the air gap 5
UCtuation of an induction notor caused by the deflection of a shaft. In
reécent years, an induction notor has been utilized as the electric notor of

a hoisting machine for elevators, and an inverter of the variable voltage
and variable 10 frequency system has beeny used as neans for controlling the
speed of the induction notor over a wide range fromthe stop state to the

full speed thereof. Fig. 1 is agiavAT6RCddINTROL XPEARATOBW Ng a convenﬂ'i onal
hoi sting nmachine for el evators which enploys the aforenentioned 15

i nduction notor as a driving source. Numeral 1 designates the bed of the

hoi sting machi ne, and nuneral 2 thg indudctiEonl rmgor installed on the bed |.
This induction notor 2 includes 2&S AL 22b, which is
fastened to a shaft 3 arranged on the center axis of the induction 20 notor
2. One end of the shaft 3 is nounted on a bracket 2c unitary with the

I nduction notor 2 so as to be rotatable through a bearing 4, while the

ot her end of the shafth. \ \
This invention relates to an elevator control apparatus

which employs an induction motor, and more particularly
to a control apparatus for elevgtors which eliminates - : G:R
a magnetic flux ripple ascribable to the air gap -
§ f£luctuation of an inductio; motor caused by the deflection
of a shaft. -_ _
In recent years, an induction motor has been utilized
as the electric motor of a hoisting ﬁachine for elevators,
and an inverter of the variable voltage and variable
lo frequency system Eas been used as means for controlling
the speed of the induction motor ovér a wide range from
the stop state to the full speed thereof.
Fig. 1 is a half sectipnal view shoﬁing a conventional
hoisting machine for elevators which employs the aforementioned éi;
i§ induction motor as a driving source. ﬁumeral 1 designates
the bed of the hoisting machine, and numeral 2 the inducﬁion
motor installed on the bed ‘1. This induction motor
2 includes a stator 2a and a rotor 2b, which is fastened
to a shaft 3 arranged on the center axis of the induction

Jo motor 2. One end of the shaft 3 is mounted on a bracket



3 is extended out of the housi ng of the induction notor 2 and is nounted on
a bracket 5 installed on the bed 56 1 so as to be rotatable through a

bearing. 6.

[n addition, a sheave 7 is nounted round that part of the shaf :

3 which |lies between the induction notor 2 proper and the bracket 5. :
a brake drum8 is integrally formed at one side edge of the sheave
7, anarm9 having 10 a brake shoe 9a is déi sposed on the outer peripheral
side of the brake drum 8 so as to be freely opened or closed, and the brake
arm9 is actuated by a brake nmagnet 10. In the hoisting machine constructed
as stated above, the cage and counterwei ght q0f the el evator are suspended
15 by a mai-mrope wound round the sheave 7’ so that the |oad of the

el evat or. adés on t Re whitary @ith rtheohsduptdooepotdr: 2s8afas Fosbhppoytagdbie

Further,

both the -ends defl

ts qownpwards. \WWen the shaft 3 defl ects downwards, the
air gap Ga bet ween%f‘ﬁ%“ étggarz’d‘gaﬂd Tr']lb’tlcﬁ*_ '%5 e &M c%eoﬁh%f?orszo 2
becones | arger on bhes WRRAaSE5uaBE SRBIHRE1AR denbOLRIGHIER ecsnown in

Fig. 2. Accordingly, a rotating magnetic fl ux

o0 be generated by affording

a nmagnet onoti ve foRcandfis senbtehlonmaghrackes Soindtaliedunrt ithe bed or i s

maxi m zed when it

the sense thereol rsS¥dhker e ke

asses through 25 path of |ow reluctance, that s, when
’ﬁﬁ’fﬁgt‘:gtgﬁ%?ha?’l Rearing ot upRafR LW ened

in Fig. 3. Wen tQefBgncyl ¢sihdbhekd toudd'@nheTJA B the shatt 3

Jo

which lies between the induction motor 2 proper and

the bracket 5. Further, a brake drum 8 is inﬁegrally

. formed at one side edge of the sheave 7, an arm 9 having

a brake shoe 9a is disposed on the outer peripheral

side of the brake drum 8 so as to be freely opened or

' closed, and the brake arm 9 is actuated by a brake magnet 0.

15

In the hoisting machine constructed as stated above,
the cage énd counterweight of the elevator are suspended
by a main rope wound round the sheave 7,.so that the
load of the elevator acts on the sheave 7. In consequehce,
fhe shaft 3 supported at both the ends deflects downwards.
When fhe shaft 3 deflects downwards, the air gap Ga

between the stator 2a and rotor 2b of the induction motor

2 becomes larger on the upper side and smaller on the

) lower side as shown in Fig. 2.

_7,5

Accordingly, a rotating magnetic flux to be generated
by affording a magnetbmotive force of identical magnitude
to the induction motor is maximized when it passes through
a path. of low reluctance, thaﬁ is, when the sense thereof

is downward as indicated by an arrow or upward as viewed



or rightward sense, it is mnimzed because it passes through the air gap
part of high reluctance over a |onger distance. This situation is

il Jated in Fig. 4. 5 Fig. 4 represents the angle of a nagnetic

fl ‘ector (zero for the downward flux vector in Fig. 3) on the axis of

gl;scissas, and the magni tude of a magnetic flux on the axis of ordinates.
| ative to a reference magnetic flux indicated by a straight line I, the

magnetic so flux vector attendant upon the deflection of the shaft is in

t he shape of a sine wave which fluctuages by 2 cycles during one revolution
of the rotor 2b as indicated by a curve Il. A torque T which the induction
nmot or gener at é8 T&gi S3.gi Whanpghe magnétichdluxi jerin thenteftmapdnent of a
secondary current.orthogonal to.a rotati.n gnetic field. Therefiate, when
the magnetic Pfuﬁlght‘ﬁ‘;fg PR&%F4 B Iésaf‘é"’i‘ﬁgzg%r ayge| ttiBRSEPY. 4, tThe
torque oscill ahesugi £HeCa$A Gag icARkCor IHiRAULOLICtaRcH! S9dr Gahbiquwr sen a
confortable ride in the elevator. For the purpose of obviating the above
problem it i|idietandeler Uis ositvatdancisg Hdlesteatgdhiof Fidwe 4shaft 25 3 so

that the shaft nay_pot defl ect even when sub'kect ed .to the elevator | oad.
This, however, ne i *aF EBTRRRALGnFRG angle of a magnetic flux

vector (2zero for the downward flux vector in Fig.'3)
on the axis of abscissas, and the magnifﬁde of a magnetic
flux 6n the axis of ordinates.'.Relativé to a reference
magnetic flux indicated by a straight line I, the magnetic NS
10 flu# vector attendaﬁt upon the deflection of the shaft
is'in'the'shape.of a sine wave which fluctuates by 2
cycles during one revolution of the'roﬁbr'ﬁb as indicated
by a curve II;' | |
A torque T'which the induction motor generates
1 is given by:
T = iy é
whefé iég: the component of a secondary current
orthogonal to a rotating magnetic field. Thefefore,
when the magnetic flux § has the riéple as the curve ' -
20 II in Fig. 4, the torque oscillates at the same ripple
frequency to'dréstically worsen a comfortable ride in
the elevator. |
| For the purpose of obviating the above problem,
it is considered to increase the strength of the shéft

25 3 so that the shaft may not deflect even when subjected



the shaft to be thick and cannot be said practical on account of increase
in the weight of the hoisting nachine, etc. 5 Brief Description of the
Deawi ngs Fig. 1 is a side view, partly cut away, show ng a hoisting nac GEF
of an A.C. notor control system which enploys a variable voltage and

vari abl e frequency inverter unit; Fig. 2 is an explanatory sectional view
of d part 10 of an induction notor showi ng the rel ationship between the
rotor and stator thereof; Fig. 3 is an explanatory view show ng the

rel ati onship between the rotor and the stafor; Fig. 4 is a characteristic

di agram showi ng t B§ tie le@kddtsrN 108 . DEFHARE NhawdRG ) Chideddithtad tedigning
rotational =angle at the deflection of a shaft; Fig. 5 is a block diagram
showi ng ansénbodi hkeetshafftato deethick arshicaphotysasaidprastdeal mpto this
invention; Fig. 6 is a.circuit diagramof a, VVVE control, device 2Q in this
nvention. Fig, 785U PECKATHRSPaT SHRWMREIEN % ABI IPASE LS BASRiEr on
signal generatinge¢dit in this invention, Fig. 8 is a circuit diagram
showi ng a practicable exanple of a correction gain conmputing circuit which

25 consti t utes st hBrief Destriptiongpél theemeawings unit in this invention;

Fig. 1 is a side view, partly cut away, showing a -
hoisting machine of an A.C. motor control system which employs
a variable voltage and variable frequency inverter unit;
(] Fig. 2 is an explanatory sectional view of a part
10 of an induction motor showing the relationship between
the rotor and stator thereof;
Fig. 3 is aﬁ explanatory view showing the relationship
between the rotor and the stator;
Fig. 4 is a characteristic diagram showing the
1§ relationship between a magnetic flux and a rotational
angle at the deflection of a shaft:;
Fig. 5 is a block diagram showing annembodiment
of an elevator control aﬁparatus according to this invention;
Fig. 6 is a circuit diagram of a VVVF control device
20 in this invention; _
| Fig. 7 is a block diagram showing an example of a
correction signal generating unit in this invention;
Fig. 8 is a circuit diagram showing a practicable
.éxample of a correction gain computing circuit which
g constitutes the correction siénal generating unit in

this invention;



Fig. 9 is a block diagram show ng anot her enbodi nent of the el evator
control apparatus of this invention; Fig. 10 is a diagramfor explaining a
» ropi'gg\f ormwhi ch uses a defl ector wheel; 5 Fig. 11 is an explanatory
di-ag showi ng the positional relationship between the rotor and stator of
%he notor attributed to the deflection of the shaft in the case of using
tthe defl ector wheel; Fig. 12 is a bl ock diagram showi ng an exanple of 10
the correction signal generating unit in this invention in the case of
usi ng the defl ector wheel; and Frg 13 is a §'rcurt di agram showi ng a

practi cabl e exanple of a [err B .conponent generating-circuit which
constitutes the corFE%t|%n+ssﬁgﬁﬁﬂckg9ﬁé?€&wrﬁ&°ﬂﬁ?¥ 4q?tPF§ eﬁE?leSnE%nnﬂary of

the Invention Hy %hé“ GlRleQ0 Bgsersd! xgga;ms%@ %xgi@ %v Jor agk

descri bed above, as for 1ts obje to provi an e eva or control

apparatus in which gt n@l iseardiagrafofdy @xptdiking APeopng Mera Si NUsoi dal
wave of a 20 predeterm ned frequency or a correction signal simlar thereto
on either of cothishentes gafaflestoznyheethogonal to a secondary i nterlinking

RO Wbl - A SRR R R R T Y S
ensure a conforded@tEoisii® between the rotor and stator of the motor .
attributed to'the deflection of the shaft in the case
of using the deflector wheel; '
Fig. 12 is a block diagram showing an example of \,{
o éhe correction signal generating unit in this invention :
in the case of using the deflector wheel; and
Fig. 13 is a circuit diagram showing a practicabie
example of a A6 component'generating-circuit which constitutés

the correction signal generating unit in Fig. 12.

/S§ Summary of the Invention

This 1nvent10n has solved the problem of the prlor
art descrlbed above, and has for its object to provzde

" an elevator control apparatus in which control means

"

is controlled by superposing a sinusoidal wave of a

20 predetermihed frequency or a correction sighal similar
thereto on eithef_of components parallel and orthogonal :
to a secondary interlinking méghetic flux, whereby even
when an induction motor involves an air'gap_flﬁctuation
due to the deflection of a shaft,.no torqué ripple arises

S to ensure a comfortable ride.

A



Preferred Enbodi ments of the Invention Now, enbodiments of this invention
W ll be described with reference to the drawings. Figs. 5 - 8 show an
~enbodi ment *of an el evator control 5 apparatus according to this invention,
in which Fig. 5 is.an arrangenent diagram of an el evator control systemfo
controlling a magnetic flux to be variable by enploying an induction notor
of PWM (pul se-wi dt h nodul ation) inverter control. 10 Referring to Fig.
5, numeral 11 designates a main rope which js wound round a sheave 7. The
cage 12 of an.elevator is suspended at one ©nd of this main rope 11, while

the counterwei gt dPete SHSBERGAGheRts 4 t@.tehefqp@monA three-phase induction
motor 2 fok drivin ' o rmary vol tages [err]
cl ose to ngspective volNosgeenbodianedss [@f rthibr bnventiani wil le beolé sy bedd

“variabl e frequency control device éhereinbeloma abbreviated to ' VWF
control device') 1Withiraferenc® hfetheA%aYiAIBhr ee- phase power source having

20 phases R S and T. The VWF ¢ontrol . 0eviesidéhd 3¢l £6 ﬂevatagecl%,% ge

commands [err] from a two-phase/ three-phase conversion circu
is constructed gf appaxhife- stddrdineto HIBOIRFetiion) DPaskichopdd. Bl ifier

and a multiplier or a DA converter, Synbol s 16a, 16b and 16c denote
current transfornmeis an arrangement diagram of an elevator control system
for controlling a magnetic flux to be variablé by employing
an induction motor of ?WM.(puIsedwidth modulation) inverter
control. |
10 ‘Referring to Fig. 5, numeral 11 designates a main
rope which is wound round a sheave 7. The cage 12 of
an elevator is suspended at one end of this main rope |
11, while the counterweight 13 is suspended at the other -
end. A three-phase induction motor 2 for driving the
15" sheave 7 is fed with primary voltages Var Yo and Vo
cleose to respective voltage.commands Vu*, VV* and Vw*
from a variable voltage and variable frequency control device
(hereinbelow, abbreviated-to 'YVVF control device') 14
which is connected to a three-phase power soufcé having
gsf B 20 phases R, S and T. The VVVF control device 14 is fed with
the voltage commands Vu*;'Vv;';nd Vw* from a two-phase/
three-phase cohversiog'circuit 15, which is constructed
of &n adde;—subtracter composed of an operational amplifier

and a multiplier or a D/A converter.



- for deriving current feedback signals [err] which correspond to the prinary

currents of the U phase, V-phase and W phase of the induction notor 2

Egépectively. 5 The current feedback signals i, i and i derived'by the ,
pective current transforners 16a - 16c¢c are applied to a :

t hr ee- phase/ t wo- phase conversion circuit 17. The .t hree-phase/two-phase

cbnversion circuit 17 is constructed of -an adder-subtracter circuit

conposed of an operational 10 anplifier and a multiplier or a DA

converter, and it converts the current7Zfeedback signals [err] into

conponents [err] on coordinate axes which rotate in synchronismw th the
angul ar frequencPYRPRts t1if@ - sLék ARdr J6hedpnatec cRr BNt ERBSEQIMErFe i mduct i on

15 notor 2., Thi Sk i r he Jbasig of the follew ng
formula (1) :fTreIrare'?i %ecru??:ﬁﬂ% f}r??%%%g {%&r‘?gl sr'lqu’fV ?k? Jéw_e t he si%ﬁsoi dal
20 out put s ofhitchf WBEteéspongdeBe! i prihaiy durrdatsrdetel aigHaselhe signal
conponent [err] delivered fromthe three- phase/two-phase conversion
circuit 17 i%-phagei apd (KrpRase s fbecindurtignimeter & respegtivedygnal t her eof

with respect to_an qut iagnal .fromag coefficigen I.tiplication
circuit Z.f) [ eaﬁﬂflrgtt\f %egﬁg?’?n%é?‘a%arfwiv g\ﬁéo{n géfgg%rﬂﬁ fromthe
| ntegrator 11%1&, 'i‘e%?éétﬁﬂs taritéite aQahbisinitls Nvatl plecCate Odpprisequi t 20 and a
di vider 21, which Is _ o
to a three-phase/two-phase conversion circuit 17. The
three-phase/two-phase conversion circuit 17 is constructed '
of an adder-subtracter circuit composed of an operational \_V
10 amplifier and a multiplier or a D/A converter, and it

converts the current feedback signals i and i

u’ iv
into components ides.and iges on coordinate axes which
rotate in synchronism with the angular frequency w of
the'secondary magnetic flux vector of thg induction

i1 motor 2. This conversion is performed on the basis of

the following formula (1):

w

ijes cos B sin 9 2/3 -1z ‘143 _-iu

. . . ' iv eee (1)

1ges sin 8 cos @ 0 Yz Yz -
. k_(

Here, sin 6 and cos 8 in Eqg. (1) are the sinusoidél

20 oﬁtputs of a function generator 25 to be desaribed later.

The signal component ideé'delivered-from the three-
phase/two-phase conversion circuit 17 is applied to a

subtracter 18, and the difference signal thereof with



5 further supplied with the signal conponent [err] delivered fromthe
t hr ee- phase/ t wo- phase conversion circuit 17. The subtracter 18, integrator
19, coefficient multiplication circuit 20 and divider 21 constitute a '
circuit which calculates a slip angular frequency [err] and a secondary 10
magnetic flux. The output signal of the divider 21. becones the slip

angul ar frequency P and the output signal of the nultiplication circuit
20 the secondary magnetic flux. R and Lr-%n the coefficient nultiplication
circuit 20 designate t he secondary resistance val ue and 15 secondary -

I nduct ance val u

. conaary
egPetth o ABRYTRNY MIRAL £7PB HLAREELCLRNp MARLP IR RN he
control cireuit CkLV. 4 a@N Vac £ q8l ' recision is
permtted by en%?fﬁf%é@c%tr%ﬁeh\?gl ﬂ%?%gsgggéf)n an&gkpcegrtf %EI!J%PFPSI’]OWS at
nuneral 22 is asignsierfxrboar the dintebrator Aot he appiledr té ridmpuenefficienk of a
secondary mangetic flux vector on the basis of the slip frequency [err]
which is the oumMBltiRtigagioprcinuil 20 And 21dividera2l otvWicBndsl ar frequency

[err] which i | [ ' . t hat r gul ar Lty [err]
broduced by & « SERGIE BupBLEME tuin"Ble Aihal CRBeREN L KELIGGY

i nducti on nDt Or £2oh StHE lthirfb+pthsRy thdprusebesnvirsighec it P7by nmeans of a
mul tiplier 23. 9 Nuneral 24 indicates an integration circuit which

serves to conput e t Hthepisubtragkerel8, cintegrater ditdacpeffipientcmil tiplication
| circuit 20 and divider 21 constitute a circuit which
o calculates a slip angular frequency Pws and a secondary
' J0 magnetic fqu. The output signal of the divider 21-
becomes the slip angular frequency'Pms,-and the output
signal of the multiﬁlication circuit 20 the secondary —
magnetic flux. R, and L in the coefficient multiplication -
circuit 20 designate the secondary resistance value and
/5 secondary inductance value of the induction motor 2
to be used as parameters by the control circuitry, respectively,
and a vector control of high precision.is permitted
by employing'accurate values based on an éxperimenﬁ.
Shows at numeral 22 is an adder for evaluating
(P 20 the angular freqﬁency w of a secondary méngeﬁic flux
| - vector on the basis'of the slip frequency P.s which is
the output signal of the divider 21, and a rotor angular
freqﬁency Por which is obtained in such a way that a rotor
angular yeldcity w. produced by a tachometer generator 26

15 directly coupled with the induction motor 2 is multiplied

by the number of'pole pairs P by means of a multiplier 23.



»

vector by integrating the angular frequency [err] obtained with the adder
22. \Wen supplied with the signal of the phase angle 5 [err] conputed by
. td®.integration circuit 24,. the function generator 25 provides the = f
SiHusoi dal signal sin e and the consinusoidal signal cos [err] having the
phase angle [err]. The sinuoisal signal sin [err] and consinusoi dal signal
gqos [err] are applied to the two-phase/three-phase conversion circuit 15 .10
and the three-phase/two-phase conversion circuit 17. The function '
generator 25 is constructed of an A/ converter, a D/A converter, a ROM
etc. Numeral 27 indicates a magnetic” flux command signal .generating

circuit. A nigpanalc2t|ipdicataanan sinfegratipp rirrpbmvitich servest 27.0 s

lied t btracter, 28  which eval yatgs the diff tyeert h
mhgnet i o {1 SO CORAR- G Baeta A B e abEsheart mRBROSS 1R o

correction Sygidly sﬁnm@dxa&iﬁeiéhe?%nglb@r ee@quahsf wBEta8hedcei i gnal is
conpared with-the secondary magneti-c 20 flux signal of the multiplication
circuit 20 byhe xiderr32{ eWhed suprisiedowithtthmcisighal ot tthe phasw tangléor ner.

A magnetic. f] ux deviation thus detected is anplified by a magnetic flux
control cPrcli tSOFPUtRd by the ggﬁﬁ??ﬁﬁ‘°80ﬁ%¥ﬁﬂﬂ?.ﬁé't?ﬂ?|ﬁ&§ﬁ§%$&:fI ux of the

VA e ot °p PP sheR Sy B 066 M, 08Bl B BLEHEL ¥ TUBE T
magneti c fl uorsdmiisoid«l rsignal 3dosind havimpithet phase angle 8.
The sinuoisal.éignal sin .6 and consinusoidal sign&l.bés 8 w
are applied to.the two-phase/three-phasg conﬁersion_circuit 15 et
/0 and the three-phase/twofpﬁase conversion circuit 17. The
function generator 25 is_constrﬁcted of an A/D converter,
- a'D/A converter, a ROM, etc. | _
Numeral 27 indicates a magnetic flux command signal
generating ci?cuit. A magnetic flux command signal
1 27a from this circuit 27 is_applied to a subtracter 28,
which evaluates the difference between the magnetic flux
command signal 27a and a correction signal 2%a from a '
correction signél generating unit 29. The evaluated
differenée signal is éoﬁpared_with the secondary magnetic \;
20 flux signal of the multiplication circuit 20 by a subtracter
30 so as to subtract the Latteﬁ from the former. A magnetic
flux deviation thﬁs detected is ;mplified by a magnetic
flux control circuit 31, nd it is used for'control;ing
the magnetic flux of the inductiion moto: 2 so as to become
25 eéual to a predetermined cdmmand value ﬁt all times.

That is, a voltage command Vdes* is created

in the magnetic flux control circuit 31 ‘and is input to



the two- phase/three-phase conversion circuit 15. Numeral 32 indicates a

speed command signal generating circuit. A speed command signal [err] frgant
this circui't 32 and the rotational speed signal [err] of the induction 5 @
notor 2 produced by the tachoneter generator 26 are conpared by a

subtracter 33 so as to subtract the latter fromthe former. A speed

devilation [err] thus detected is input to a speed control circuit 34,

thereby to create the torque current co nd [err].. of the induction 10

notor 2 in correspondence with the s'peed" evi ati on. Besides, the torque

current command r I} O] i idcuit 34 and the

t orque cur rent ftégd%%%-%%éségéﬁpelé %ﬂ%%%@%gggﬁﬁgéggﬁgge 5’['\/\/0-phase ges

CONVeErsi OMeei rcui t INunkralce2phididabys ca Jpleled acdniiandSsidnal0 gefet £ifight r act

the latter fromthe fornmer. A torque current deviation [err] thus detected

i s subj ected tocirewiiput & PBRed\CoImaRd (Rignadr pehifroBnthds cdrFritt 36 and is
generated as a I co nrl... Jhi.s l ta err] is
supplied to the\ég m%‘?%ﬁte{‘see?gggg‘t*n%éeggﬁ%%% lggﬁge"?rsggn%g%n@?“t&iév The
current conmgndmbeéf ]2 igroliubed HE ehe O€itHoReCEr yereratsR W laire f | UX control
circuit 31 and the torque current control circuit 36 are supplied to the

t wo- phase/ t hr eecphpaxed by ar sthhiraciteru3d spoast to cwptracheth@slaseeerted into

the vol tage .CO grggst eergongpfj A speed deviation (mr* - mr) thus

detected is input to a speed control circuit 34, thereby

\/ to create the torgue current command iqes* of the induction

10 motor 2 in correspondence with the speed deviation.
Besides, the torgque current command iges* delivered
from the speed control circuit 34 and the torgue current

feedback signal i from the three-phase/two-phase

ges
conversion circuit 17 are compared by a subtracter 35 -

15 so as to subtract the latter from the former. A torque

current deviation (1ges

* - iges) thus detected is subjected.
to a computation by a torgue current control circuit

36 and is generated as a voltage command Vges*‘ This

.voltage command V *.is supplied to the two-phase/

ges
xuf 20 three-phase conversion circuit 15.

The current command vdes* and * in two phases

Vges
generated by the magnetic flux control circuit 31 and

the torque current control circuit 36 are supplied to the
two-phase/three-phase conversion circuit 15, threby to be

© 2§ converted into the voltage commands V *, V_* and



"[err] in three phases, which are input to the VWVF control device 14 as the
d control commands. The conversion is performed on the basis of the _

f owing formula (2): [err] Wien fed with the three-phase voltage comvands :

t hus obtai ned, the VWF control device 14 supplies the primary voltages '
[?rr] to the |nduct|on notor 10 2 is accordance with them In Fig. 5,
ntmeral 37 designates a | oad detector which is attached to the cage 12 and

whi ch produces a signal 37a corresponding to a load in the cage. The | oad

signal 37a of the | oad detector 37 is,,input to I'S a weighing circuit 38,

whi ch generates a wei ghing command value 38a in accordance with the Ioad

signal, the Wgtfgn ﬁgreemsVawer@aebmw itephe t WVWFheortralect i.0n si gnal

generating upit 29 t he Sl echion siana enegati ng 20

unit 29 is ¢ ﬁ‘ﬁ euclt‘ieas {he sﬁ’gﬁdl ‘%’etrrf’flnﬁo sf'l e'%hezé’fnﬁ ?Jh"dpagal n of 2,

a cos gener ajorped¥Fdrmad CoH the! bQGi JYEN tha! fll1RWiAG fdrmuiht (203, and a

mul tipligr 294. The phase angle e of the secondary magnetic flux vector

del i ver ed froq1 Qe,lnt on giycuit 24 (refer to Fig. 5) is anplified
to 2 e by the npnuinverting anplilier.881g of-gilegPairy 2, and this signal of
2 eis cogertefly ,I_ |y, 1, | des* -
|W' 1= 1" W3 11 cee (2)
Vw* ‘léﬁ' fléi_ .sin © cos 8 'Vges*

When fed with the three-phase voltage commands
thus obtained, the VVVF control device 14 supplies the : o
primary voltages V, , V  and Ve to the induction motor
70 2 is accordance with them.
In Fig. 5, numeral 37 designates a load detector
which is attached to.the cage 12 and which produces
a signal 37a corresponding to a load in the cage. The
load si§na1 37a of the load detector 37 is input to
IS a weighing circuit 38, which generates a weighing command
value 38a in accordance with the load signal, the weighing
command value 38a being input to the correction signal
generating unit 29, o : ' T
‘As shown in Fig. 7, the correction signal generating
20 unit 29 is constructed of a non-inverting amplifie:
291 having again of 2, a cos generator 292, a correction
gain calculating circuit 293, and a multiplier 294.
The phase angle @ of the secondary magnetic flux vector

delivered from the integration circuit 24 (refer to Fig. 5)



into cos 2 [err] is nultiplied by an output signal Ka fromthe correctiozég)
gain calculating circuit 293 by neans of the 5 nultiplier 294, to genera
the correction signal 29a. Fig. 8 shows a practicable circuit diagram of
the correction gain calculating circuit 293. This circuit is constructed of
an adder which is conposed of an operational anplifier OPI and resistors R
- R4, an anplifier which is 10 conposed of an operational anplifier OP2 and
resistors R5 - R7, and a variable resistor VR fromwhich a signal D
corresponding.-to a |l oad on the sheave ig derived irrespective of the cage

| oad. The adder adds the two inputs of @%e signal D set by the variable

resi stor VR and;d Reowerdd e 2 W@dm\!ﬁiﬂﬁe@@i’ndj pY 8 £k flg@m the
wei ghing eiscuit 38, and the result is anplified by the anplifier so as to

generate the ousfpuhesgginl2,Kand Adticr dignd)/ ,oft Re6 ciw rceavestedi gnal 29a

provided fromthe correctian signgl.generating unit 29 is identical in
phase and equalint® RE§? tude PBItIRIiSE bwAMCUERVE Heradpihddirl R the A C.

conponent sho ' .Qf t] Xk er i e to the
defl ecti on of Wp:hde s?Eg??n 4'1)518‘ C% S ldmv\gﬂg %%i‘%#c%%feﬂy]cﬁggﬁ% t%?ggr am of the
VWEF control sSdamiledpliler NOIGT 86 géhetanat €ite ToppeLtiotd sighdl EPaconvert er

which forms a three-phase full-wave - 13 rectification circuit by nmeans of
thyristors 39A - 39Fig. 8 shows a practicable circuit diagram of the
correction gain calculating circuit 293. This circuit
. is constructed of an adder which is composed of an operational
-/ _ amplifier OP1 and resistors R1 - R4, an amplifier which is
10 cémpoéed of an operational amplifier OP2 and resistors
RS - R7, and a variable fesistor VR from which a signal D
corresponding to a load on the sheave is derived irrespective
of the cage load. The adder adds the two inpuﬁs of the
signal D set by the variable resistor VR and the weighing
1§ command value 38a delivered from the weighing circuit 38,
and the result is amﬁlified by the amplifier so as to génerate
the output signal Ka. Accordingly, the correction signal 29%a
provided from the correction signal'generating unit 29
is identicai in phase and equal in magnitude to the
20 variation (corresponding to the A.C. component shown in
Fig. 4) of the magnetic flux é ascfibable to the deflection
of the shaft. | '
Fig. 6 shows a practicable circuit diagram of the
VVVF control device 14. Numerai 39 denotes a power

25 running converter which forms a three-phase full-wave



connected as a three-phase bridge to the phases R S and T of the A C
po! source. Synbols 39Ag - 39Fg denote the gates of the thyristors 39A -
< 391 uneral 5 40 denotes a regenerative braking converter which forns .a
th -phase full-wave rectification circuit by means of thyristors 40A -
48F,‘ and which has its A C. end side connected to the A.C. power source R
S T and its D.C. end side connected to the D.C. side of the 10 power

runni ng converter 39. Synbols 40Ag - 40Fg denote the gates of the
thyristors 40A - 40F. In addition, numé8al 41 indicates a snpothing
capacitor which is connected across the D.C. ends of the power running
converter 39, EeREifdgREiPn £irguil| bydreanst o€t BRYRAIStens 1392 -5 38Bnnect ed

across both the terninals of .the t hi capaci.tor. 41 and which &
const r uct ed ofc%mfegsmlegt%?.a &Eas éﬁ%ﬁ%&gﬁfﬁ(’ ictgleapﬁ‘é?ees (%'r %it whi ch
receives the sypehr e@ovfe AW Ppowde! fiirck.Si gptlolseBbhg andopge out put
signal- 42a of the voltage detector and generates trigger zo signals 43a -
431 correspondderpteo thaegates lodr sheuthynigtbrs 344 ocBfY. siNgmeral, The

trigger si | s 43a - 43f are respectively applied. to the tes 39Ag - 3'9F.
of the thyrPot &9 deRgkes aoteqanerALiY RARL A THY C5RTPRIGE 39588 | o (ho «

trigger signalg 43Qe-pAate afmr-@aggﬁaaﬂcmapraﬁeqﬁ 31%% hReafdat es 40Ag -

40Fg of the thyristors 40A - 40F e regenerative ng converter 40.

Nurrer al ' of thyristors 40A - 40F, and which has its A.C. end :
side connected to the A.C. power source R, S, T and ,
its D.C..end §ide connected to the D.C. side of the “f’

/0 power runniﬂg,converter 39. Symbols 40Ag - 40Fg denote
the gaﬁes of the thyristors 40A - 40F. In addition,
numeral 41 indicates a smoothing capacitor which is
.connected across the D.C. ends of the power running
converter 39, and numeral 42 a voltage detector which

Js is connected across both the terminals of the sﬁoothing
capacitor 41 and which is constructed of a resistor.
Shoﬁn at numerai 43 is a gate circuit which receives
the synchronous angular velocity signal w and the output
signal 42a of the voltage detector and generates trigger

20 Signals 43a - 432 coﬁresponding_to the synchoroﬁous

- angular velocity signal w. The trigger signals 43a
- 43f are respectively applied to the gates 39Ag - 39Fg
of the thyristors 39%A - 39F of the power running converter

39, while the trigger signals 43g - 43% are respectively



44 indicates an inverter which is connected across both the termnals of
the snoot hi ng capacitor 41. It includes 5 six transistors 44A - 44F, which
are such that three sets each having two transistors connected in series
wi th each other are connected in parallel. Further, diodes 39a - 39f are
-respictivel y connected in parallel with the transistors 44A - 44F. Thus,
the A .C. output 10 voltages [err] are respectively provided fromthe nodes
of the sets between the series-connected transistors 44A and 44D, 44B and
44E, and 44C and 44F. Besi des, nuneral 45 i*ndi cates a base driving circuit
whi ch receives the primary voltage corrmancf values [err] 15 fromthe =

t wo- phase/ rhr ee- p vVersio | ML 1 d_gene . base driving
signal s 458 45f gﬁz%g?}sopgg%igae&bsggghéri \?‘l% glggér}’aﬁr ?’ﬁ Japti%’srl'ngB re
supplied to the basqoridfixhe #édenctiatitie BrakingSédriverter 40 44Numbrdlne

I nverter 44. Next, the operation of the present enbodi ment constructed 20
as described abovdénindigatesyan ainvesteyywhichhdsneepnectedagpessohatind si gnal

27a is output fromthe maanetic flux comand sSign eneratjng circuit 27,
it has thepcorrec{pih ngg’fnb‘%?ﬁsﬁ% i fﬂ%"‘é%ﬂgeg?gﬁa#%l gagr gfetng'f'ﬁk"l“ﬁ uni t
29 subtracted igheigkr eranuistBes 2buas uUbiB L wllicRSard Wudhetnat hardef f erence

signal is conpared 15 in the subtracter 30 with the nagnetic flux signal
20a sets each having two transistors connected in series’

with each other are connected in parallel. Further,
diodes 39a - 39f are respectively connected in parallel
with the transistors 44A - 44F. Thus, the A.C. output
0 yoltages Vu, VV and Vw are respectively provided from
the nodes of the sets between the series-connected transistors
44A and 44D, 44B and 44E, and 44C and 44F. Besides,
numeral 45 indicates a base driving circuit which receives
the primaﬁy voltage command values Vv*, VV* and Vw*
1§ from the two-phase/three-phase conversion circuit 15
and generates base driving signals 45a -~ 45f. The respective
- base driving siénéls 45a - 45f are supplied to the bases
44Ba - 44Fa of the transistors 44A - 44F of the inverter 44.
gﬁ, Next, the operation of the present embodiment constructed
20 as described above will be explained. |
When the magnetic flux command signal 27a iS output
from the magnetic flux command signal generating circuit
27, it has the correction signal 29a of the correction
signal generating unit 29 subtracted therefrom by.the

25 subtracter 28. Further, the difference signal is compared



fromthe nmultiplication circuit 20, nanely,-the magnetic flux cal cul ated
fromthe currents actually flow ng through the notor 2, so as to subtract
@-Jatter fromthe fornmer, 5 whereupon the deviation signal between the ;
is output, This deviation signal is input to the two-phase/three- phase
conversion circuit 15 through the magnetic flux control circuit 31. On one
{ hand, the speed command val ue [err] delivered 10 fromthe speed comand
signal generating circuit 32 is input to the subtracter 33 and is conpared
with the speed signal [err] fromthegachometer generator- 26 so as to '
subtract the latter fromthe fornmer, whereupon the deviation signal being

the differengecpé EMaTc:‘ﬁGrlﬂQﬁttthEhe -mdyneelé £RMd aigean Poanal is”processed
by the speed control circuit 34 into the torque current command" b *, Whi ch

is input gefreow the mitinticatid® cipewit 20, eamimpathd magnetife torque
Conver'si on' SHRELTEIHSCRd £rgR S SrEerts SEEIRh VoA LoRU R HRBRRS of (he
currents haynaomaedt!dl,! ¥of 9VES suBELAE the1ADLE fomSthdEokRes bl Tact the
latter fromthe forner, whereupon the deviation signal being the di fference
of the twh iwherewpan tthet ﬂevimqnhasmhrhs&wmwecawvexslmtput:cwt 15 as
the voltage gomBiviaiion stonal” is°Ldbet 4o the eomphane/threa- oW 1 3¢
phase conversion circuit 15 through the magnetic flux
control circuit 31. |
On one hand, the speed command value mr* dellvered
10 from the speed command signal generating circuit 32 is
input to the subtracter 33 and is compared with the speed
signal o from the tachometer generator 26 so as to
subtract the latter from the former, whereupon the deviation
éignal_being the differehce.of the two is output. ~This
Lf deviaﬁion signal is processed by the speed control circuit
34 into the torque current command igesij'which is input
to the subracter 35. Here, it is compared with the torque
curren; feedback signal iges,deliVéred from the three-
phase/two-phase conversion circuit 17, namely, the torque
20 current components of the currents having actually flowed
through the motor 2, so as to subtract the latter from the
former, whereupon the deviation signal being the difference
of the two is input to the two-phase/three-phase convérsion
circuit 15 as the voltage command Vé;s* by the torque current

28 control circuit 36.



16 On the other hand, the slip frequency signal P beconmes the [err] angul ar
vel ocity signal M/mhen added by the adder 22 with the rotor angul ar :
f requency [err] wHi ch 1s obtained by nultiplying the speed signal 5 [enqjga
by the nunber of pole pairs P by neans of the nmultiplier 23. Besides, th
anguj ar velocity signal [err] is integrated by the integrator 24, thereby
to becone the rotational angle signal corresponding to the rotational angle
[err]. The sin e signal 25a and cos [err] 'signal- 25b corresponding 10 to
"the rotational-angle [err] are cal cul ated/@y the sin cos converter 25, and
are sent to the two-phase/three-phase conversion circuit 15 as well as the

t hr ee- phaseht wo- phaseo"bdrli‘?e%ﬁ‘% hapdeuthe ﬁiPTﬁ@qwcpmﬂh?@@ phase
conversi onNgircu 0 rr , cos [err]

si gnal 25b, and ‘e:&'?/%% tggéeg%!’?% %'333 ang “ er‘]ﬁfqo sl‘{nsall ﬁpﬁ'f signal s

and provi des theapaédisy thel adds czanwmd thel H6cod Q&x@hlwlﬁl&qaé@qsuppl ied to

the VWWF control device 14. 20 The gate circuit 43 of the VWF control
device 14 deC|de?mthhiﬁh'ishebtﬂﬁnsﬂ by implitipiningride s@eqﬂmsesnihnnlng or in
t he node of ener e br on, t he bas s, of the o t ut s 42a of
t he vol t age dggeﬁ’to o é‘ %ﬁ%r%ﬁs T Ll et?"g?gpﬁ'd'f”[err]

Subj ect 25 to theapovrfés;auamamsoaaaaiapmelbelepmlbﬁalt.bqst iheggFatagnal s
43a - 43f to the power running converter.
by the integrator 24, thereby to become the rotational
angle signal corresponding to the rotational angle 0.
&m/ The sin é signal 25a and cos e signél 25b corresponding

12 to the rotational angle 6 are calculated by the sin-.cos
converter 25, and are seht to the two-phase/three-phése
conversion circuit 15 as weil as the three-phase/two-phase
conversion‘circuit 17.

The two-phase/three-phase conversion circuit 15

/8 converts the sin & signal 25a, the cos 0 signal 25b,
and the voltage command vélues vﬁes* and Vges* béing

~its input signals and provides the primary voltage
command values Vu*, Vv* and Vw*, which are supplied to
the VVVF control device 14,

20 The gate cirquit 43 of the VVVF control device 14
decides whether the motor 2 is in the mode of power
runhihg or in the modé of regenerétive braking, on thé
basis'of the output signal 42a of the voltage deteétor
42 and the synchofonous éngular Velocity signal w. Subject

25 to ﬁhe power running operation, it appliés the trigger

signals 43a - 43f to the power running cénverter 39,



17 whereas subject to the regenerative braking operation, it applies the
trgmger signals 43g - 431 to the regenerative braking converter 40. As a
r&%?ﬁt, the term nal voltage of the snoothing capacitdr 41 is varieéed to
performthe 5 well-known PAM (pul se-anplitude nodul ati on) control Besides,
fhe base driving circuit 45 applies the base driving signals 45a - 45f
{o the inverter 44 on the basis of the primary vol tage command val ues [err]
so as to performthe well-known wal(pglse-mﬁdth nodul ati on) 10-control .
Thus, the VWF control device 14 gene/ t

of variable VgLhiAQAS s@BfedlicARhe ffutideREl $S brakend WHerhe@n OLOr 2 i
driven, and the cage 12 runs with its speed automatically controlled 15 at
hi gh preci si oit applimgnthe trfiggrr colgrald 439 t-hi4SLt toethes regenedattiamped by
subtracting the correction signal 29a fromthe nagnetjc fl ux command si gnal

27a bei ng thebF@T‘éﬁgeﬁeﬁviﬁﬁ{aqu’an%F h& 8Bt edttohe il vobtadtss a
frequency, a ghagf 3Rdoeni{RP¥ablEEieGNicoN0Aleal BS 5@%‘?@ Eng0 flux ripple

attributed to the shaft deflection. Therefore, the actual magnetic flux
does not i gtuwekl-<kmognecPAN pipud sevatpliftadet hoduliatigap aumtired Begidedi,ng upon
the position of the rotor on account of, e.g., the shaft deflection.
Accordi ngly, B8eel ePa8ranviagnfireuis 45 applies the base driving

signals 45a - 45f to the inverter 44 on the basis of

the primary voltage command values Vu*, vv* and Vw*

so as to perform the well-known PWM (pulse-width modulation) :;}

10 control. |
Thus, the VVVF control device 14 genérates the
A.C. output voltages Var Vv_§nd Vi of variable volﬁages .
and variable frequencies, the induction motor 2 is driven,
and the cage 12 rﬁns with its Speed aﬁtomagically cont:olled
1§ at high precision. A magnetic flux command at this
time is one obtained by subtracting the correctibn signal
29a from the magnetic flux commaﬁd signal 27a being the
refefence signal, and the correction signal 29a has a
frequency, a phase and a magnitude which cancel the magnetic
20 flux ripple attributed to the shaft deflection.
Therefore, the actual magnetic flux does not incur a
torque ripple even when the air gap varies depending upon
the posiﬁion of the rotor on account of, e.g., the shaft
deflection. Accordingly, an elevator of comfortable

15 ride can be realized.

es the A C. output voltages [err] =

¥



25 ride can be realized; Fig. 9 shows another enbodi nent of the el evator
control apparatus of this invention. In this figure, the same synbols as iQq
Fi.g. 5 .denote identical portions. A point of difference fromFig. 55 is ¢
that, in a signal line which couples the nmagnetic flux control circuit 31
and it he two-phase/three-phase conversion circuit 15, a subtracter 46 is

I nserted so as to subtract the correction signal 29a of the correction
signal generating unit 29 fromthe output/$ignal of the 10 nagnetic flux
control circuit 31. Even with such enbodi nent, an effect simlar to that of
t he enbodi nent shown Fig.Fi9gshéws amoltber xgmboddnientAldfthebghelevatbkustrati on i s
made, it is~also allowed to subtract_ the correction signal 29a fromthe

out put 15 Segnal SORtTHL APPAEATER AL §P18; IRVEREI’R- or the output signal of
the torque current cofft ry;<Ci | el €0t | e of the
q O éﬂls_Siéﬁgégf%ﬁﬁegr#ﬁ’%PgFolngs €n #1808 %#EL

magnetic flux, the output si t I cation circult and the
rotati onal angl e ideaticdlaperbimis.cval poimy ofydififeréneeofrdmh@&@ifunsti on o
generator in the foregoi ng enbodi nent, they may well be directly detected

using a Hal | efed@nthak, 40 assignal lipgwhiph couples themagneticnet hod of
o0 ey R ALl B GRS AT gt or Vel
: conversion circuit 15, a subtracter 46 is inserted so
as to subtract the correction signal 29a of the correction
signal generating unit 29 from the ouﬁput signal of the |
jo magnetic flux control circuit 31.°
Even with such embodiment, an effect similar to
that of the embodiment shown in Fig. 5 can be expected.
Although no illuétration is made,.it is also allowed
to subtract the correction signal 2%9a from the output
1§ signal of the speed control circuit 34 or the output |
signal of the torque current control circuit 36.- Further,
while the magnitude of the magnetic flux, the output
signal of thé maltiplication circuit 20 and .the rotational
anglé 8 have been evaluéted by the use of the function
&,} | - 20 generator in the foregoing embodiment, they may well be
directly_detected using a Hall element or a resolver.
Figs. 10 - 13 illustrate a method of generating
a correction signal in the case of employing a deflector
wheel. As shown in Fig. 10, a main rope 11 is wound

25 round and extended between a sheave 7 and the deflector



25 round and extended between a sheave 7 and the defl ector wheel 47. A
cage 12 is suspended by the end of the main rope hanging fromthe side of
t ' heave 7, while a counterweight 13 is suspended by the end of the main =
roge” handi ng fromthe side of the deflector wheel 47. In consequence, a
shaft 3 is drawn by the resultant vector of a force in the direction of
tefl ection owi ng to the deflector wheel 47 and a force in the vertical
direction and deflects as shwon in Fig. 11. The direction of the resultant
vector at this tinme defines an angle yhich is nearly equal to 1/2 of a
deflection angle [err]. Accordingly, the rotational angle at which the :
magneti ¢ fl ux wheekekd ni Acdagsik2 dspyusrended; hy chepand sof thiet h tha’:,\dj n the.
case of Fig. 3. . A practicable circuit of. a correction sjignal.genengting
unit 29 for pf“Baﬂc%Rge t"ﬁé‘g %?r%@f"i gherf%“.’se. 5%6}?"% af’ﬁe+'[€'?‘r"]]‘gcorrponent
conpensated i g s8@N¢erweikhe 173s bispériedl By tHE eh@Bf St Ragnas in Fig. 7
denote identical portions. In order to conpensate the [err] conponent, a
subtracter 29Fope hiirjiggefirom thec sideef Xhesdefleasitog wkesl #erting
anplifier 291, This subtracter 295 (s, S lied with-a [err] signal froma
[err] conpdnefP GRPASIMERHG. F RHEE 59’6s g’)fg"gu’f)‘f e §??'Lr'et-a§'ﬁl"gnal
correspondi ng ykBebd % " EbrEOMRPRAB! afFPidn’ OF UdraBBLIBWing! Nal
corresponding to [err]. The difference is input to the non-inverting

to the deflector wheel 47 and a force in the vertical

‘direction and deflects as shwon in Fig. 1ll. The direction
- of the.resultént.vector at this timé defines an angie \“}
10 which is nearly equal to 1/2 of a deflection angie ed.
Accordingly, the rotational angle at which.the magnetic
flux is maximized shifts by.Aé in comparison with that
in ﬁhe case of Fig.:3. A.practicable circuit of a co:rection
signal generating unit 29 for producing the correction
5 sigﬁal with the A6 component compensated is shown in
Fig. 12.
' In Fig. 12, the same symbols as in Fig. 7 denote
identidal portions. In order to compensate the A6
component, a subtracter 295 is disposed on the input_
20 side of a non-inverting amplifier 291. This Qubtracter
295 is suppiied'with a A8 signal from a A8 component
gene:afing.ciréuit 296 and subtracﬁs the signal éorresponding.
to the A6 component from a rotational angle signal cofresponding
to 6. The difference is input to the non-invértinq

1y amplifier 291 and then passed through a cos'generatér



25 anplifier 291 and then passed through a cos generator 20 292 as wel |
as a myltiplier 294. Thus, the correction signal 29a with the [err] -
conponent conpensated is output. Fig. 13 shows a practicable exanple of th
[err] component generating circuit 296, which is constructed 5 of a D.C.
powdr source E and a variable resistor VRL. As set forth above, according
to this invention, a correction signal is generated so as to correct a
torque ripple which is caused by a nagneg(:flux ri ppl e arising when the
air gap of an‘'induction notor fluctuates fO due to the deflection of the

shaft of a hoistingzn@¢hielt, agnd ruh@isPIdRBION Bivd)akhé crRBEtidd @
control dewkce. Therefore, even when the shaft deflection is involved, a

control frae fromsignal G9%quwith giliec AP cconponept seinpensated] isnovtpwat or of
confortable ride can q$ re Eiégd. : Clths' 1. In gn e qxftgé contro
apparatus wherein a pr rg cITEh S BFS qaht‘jﬁc?’fw_, fo?or=1%s*€ont rol 1 ed
separately for a compoléit! glRéFddify EPréuitCe98dainichnis ddnaktided@gnetic
flux and a conponent orthogonal thereto; an 5 el evator control apparatus
characterized 8§y ofnprh.€.ngower source E and a variable resistor VRl.
" As set forth above, according to this invention,
a correction signal is generated so as to correct a
torque ripple which is caused by a magnetic flux ripple
\ arising when £ e air gap of an induction motor uctuates
W isi hen th £ nducti tor f1
10 due to the deflection of the shaft of a hoisting machine,
" and the correction signal is input to a control device.'
Therefore, even when the shaft deflection is involved,

a control free from any torque ripple becomes possible,

and an elevator of comfortable ride can be realized.



means to generate a correction signal having a predeterm ned frequency,

phase and magni tude which cancel a magnetic flux ripple of the induction

ne attributed to a shaft deflection of a hoisting nachi ne caused by

ac of an 10 elevator |oad, the correction signal from said nmeans being
' r of the conponents parallel and orthogonal to the

secaon ' Lnking magnetic flux so as to control the primary current.
31!'“ Elmmﬁ" Etrol apparatus according to aim1, 15 further
cl N = defl ection detectiompyeans to detect the shaft deflection,

the correction signal generation neans creating the correction signal by
recei ving a sh§laimlsf| ection detection signal generated by said shaft

defl ection detection neans. 20 3. An elevator control apparatus®
according to O ai m, fnraherleyetpr|cuntgokedppariatus|wheredmmand si gnal
generation rreans,tquenerate %trraggx%g flux co nd signal .for the notor,
magnetic flux BEIRARY GHERERL L 87 t10R mR%AFatsnE 1led| yx in said
motor and 1 gefeNRleAlyCesr H TofboRetY FashYfe to! Hesemial¢di FRGIGhkEnS | UX,
and neans to receive both the signals and to generate a signal which :
controls sai d magmetiso fagx tande guadbnEmenitcontigpyonat thevetdet asti on signal to

t he magneti g_ 5 flux command signal, said correctiqgn signal generation neans
creating elevator control apparatus characteri;ed by comprisxng

means to generate a correction signal having a predetermined
frequehcy, ﬁhase and magnitude which cancel a mégnetic
flux ripple of the induction motor attributéd to a shaft.
deflection of a hoisting machine caused by éc;ion of an
10 elevator load, the correctiﬁn signal.from said
means being superposéd on either of thé components parallel
and'orthogbnal to the sécondary interlinking magnetic
flux so as to control the.primary current.

2. An elevator control apparatus éccording to Claim 1,
further comprising shaft deflection detection means to
detect the shaft deflection,

the correction signal generation means creating the
correction signal by receiving a shaft deflection detection 1.4'
signal generated by said shaft deflection detection means.
e 3.' An elevator control apfaratus according to
Claim 2, further comprising magnetic flux command signal
generation means to generate a magnetic fiu# command
signal for the-ﬁotor, magnetic flux detection means

to detect an actual magnetic flux in said motor and



tshe correction signal by receiving the magnetic flux detection signal. 4.

An el evator control apparatus according to 10 Caim2, wherein the _
correction’signal is conbined with the magnetic flux command signal
provi ded by said magnetic flux command signal generation t he

conpi ned signal is supplied to the control signal gener at"lﬁ nmeans as the

magnetic flux command signal. 15 S. An elevator con Wﬂ”ﬂ”m

according to Claim3, wherein the nagnetic flux detection
applied to the correction signal generagaon nmeans is a signal whi cff

expresses a phase angle of a secondary magnetic flux vector of said notor.
20 6...=, An t9l generatecensignalaeppressiveac€othl dgtectdd magnadtiavher ein

sai d magnegic flgéx detwgtlon neans detects current flow ng through said
not or and creat &% PRRLR CET IRFLeBE RAGMo Fhe; irmelgnand &opgenarade t he

detected current, G3LHL) which &nEloi%a 0 ording to
23 Cd aim 2, Wnerael n-sail (ﬁl ﬁaft defol éctg?%dnq%et éc%? %%p%gég{%lﬁ'%ﬁudes a | oad

det ect or whi ch hhieenagnetilco llux "ietectfion Figngents alhesmagmdétdieal expressi ve

of the load. 8. An elevator control apparatus according to 5 daim?7,
wher ei n sai d Torfl¥¥: fAPandyfignener at i on neans

said correction s1gnal generatioﬁ me#ns créating
the correction siénal by receiving the magnetic flux
detecﬁion signal. |

(N 4. An elevator control apparatus according to

10 Claim 2, wherein the correction signal is combined with
the magnetic flux command signal provided by said magnetic
flux command signal generation means, and the combined
signal is supplied to the control signal generation means
as the magnetic flux command signai.

15 5. An elevator control apparatus according to
Claim 3, wherein the magnetic flux detection signal

“which is applied to the correction signal generation
means is a signal which expresses a phase angle of a
secondary maghetic flux vector 6f'said motor.

20 6. An elevator control apparatus according to
Claim 3, wherein said magnetic fluk detection means
detects current flowing through said motor and creates
the magnetic flux detection s;gnal on the basxs of the
detected current value.

s 7. An eievator control apparatus according to



i ncl udes neans

Si and t he

to generate a signal corresponding to the |load acting on a

ive of the load in the cage and creates the signal

sh I rrespect
) sive of the shaft deflection on the basis of bot’h thé generated 10
I

cage |load signal. 9. An elevator control apparatus according

To Caim 1, wherein said correction signal generation neans includes.

C ' ' | generation nmeans to conpensate the correction signal
cmm mm‘mngu direction 15 of a deflective force acting on a shaft.
10

AR el evat Gr
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Claim 7, wherein said correction signal generation means
includes means to generate a signal corresponding'ﬁd
the load acting.on a shaft irrespective of the load
in the cage and creates the signal expressive of the
shaft deflection on the basis of both the generated
signal and the.cage load signal. .

9. An elevator control apparaﬁus according ﬁo
Claim 1; whereip said correction signal generation means
inclﬁdes:compensation signal generation means to compensate
the correction.signal in conformity with a direction
of a deflective force acting on a shaft.

10. An elevator éontrdl'apparatus according to
Claim 9, wherein the hoiéting machine of the elevator
includes a sheave and a deflector wheel, and the compensation

signal is determined in correspondence with a direction

. of a resultant vector of the vertical direction and a

deflecting direction of said deflector wheel.

11. An elevator control apparatus substantially
herein as described with reference to Figures 5 to 8,
Figure 9, or Figures 10 to 13 of Ehe accompanying

drawings.
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