T nvention relates to a ‘control apparatus for use in an A C. el evator
in ch an induction notor for running a cage is driven by a 1?3057
vari abl e-frequency power source. 5 An A . C. elevator is such that "an

i nduction notor is enployed as an electric notor for driving the cage of
the el evator, and that the induction notor is supplied wth the output ofg%

217%257 1 CONTROL APPARATUS FOR A. C. ELEVATOR Background of the Invention:

vari abl e-frequency power source, whereby a torque control is perforned by§ >
varying a slip 10 frequency. In this regard, there has been proposed &
met hod in which the frequency and voltage of the power source to be appliedf
to the induction notor are controlled so gs to prevent regenerative power '
from devel oping in the induction notor in case of a braking node or 15
an unl oaded operation (a heavy | oad descent operation (
or a light | oad ascent operat (“ONFROFi 4F PARATESaFRR nplG-f IEGEVATRR val ent
circuit diagramof an induction notor for explaining the above nethod of
preventing the déeskegpremd off thegtmeemtione power. 20 - In the figure,
synbols [err] and [errL,denote l eakage i nductances on the primary side and
secondary side of theTPh¥UviedAiABL DI ESpECt PVvetntreandPRyPdOIS foarr] and

[Le[ [] resi st ance%sgni;ahgn m.im%¥e§i gc?r airltd wﬁqggngr?‘r:%dsulcggogel:?&)teocrt tvely.

etter : -

for running a cage is driven by a variable~frequency

power source.

i .l:h

A ' 5 An A.C. elevator is such that an induction motor
is employed as an electric motor for driving the cage
of the elevater, and that the induction motor is supplied
with the outpu:z of ; §ériab1e-frequency power source,
whereby a torque control is performed by varying a slip

10 frequency. 1In this regard, there has been proposed a
method in which the frequency and voltage of the power
source to be applied to the induction metor are controlled
§0 as to prevent regenerative power from developing
in the induction mdtor in case ¢f a braking mode or

15 an unloaded operation (; Heavy load descent operation {;
or a3 light load ascent operation).

Fig. 2 is a‘simplified equivalent circuit diagram

of an induction motor for explaining the above method
of preventing the development of regenerative power.

, denote leakage inductances

200 In the figure, symbols ££ and £
on the primary side and seconédary side of the induction

motor respectively, and symbols r, and r, resistances

1 2

on the primary side and secondary side respectively. Letter



2 Sindicates a slip, and letters Vand | indicate a voltage applied to the
|nduct|on nmotor and a current flow ng therethrough, respectively. Fbre '
assuming the*slip Sto be: 5 S=- [err]

" (1) "a nechanical input P becomes: m[err] On the other hand, elect
pomer [err] which is consuned in the induction notor becones: [err] so
t he..mechani cal input and the power consunption in the induction notor
equal i ze. Accordingly, when the induction notor is operated in the selip
st satisfying Eq. (1), no regenerative power devel ops fromthe induction’
15 notor, and the supply of electric power is. unnecessary. Meanwhile, '
letting [err] denote the rotational angulae velocity of a rotor and [err]
denoté the input angul ar frequency, the induction notor generates a torque

T given below [grrl bere,, SUbSLLtULING Flerd B W30 Bruck®la vorlabs' ']

applied to the induction motor and a current flowing

therethrough, respectively.

Here, assuming the slip S to be:

5 - . S ==r,/r] : R ¢ )
a mechanical input P becomes:
- _1-:s 12 = - 2
W, . ) Pm = =5 r2 1 (r1 + rz) I™ ... (2)

On the other hand, electric power PE which is con39med
in the induction motor becomes:
10 P, = (r; + 1y) 12. ) | e (D)
so that the'mechaﬁiéal input and the power consumpkion
. in the induction motor equalize. Adcorﬁingly, when.
the induction motor is operated in the selip state satisfying
Eq. (1), no regenerativg power develoﬁs from the induction
15 motor, and the supply of elecﬁric ﬁower is unnecessary.
Meanwhile, letting @, denote the rotational angular
| - velocity of a fotor and &g denote thg input angular

frequency, the induction motor generates a torque T

given below:

: : I 1 1 - s 2
20 T w, - (I -8 S rp 1
_ To 2
~os 1 o e (&)

Here, éubstituting Egq. (1) into Eq. (&),



Fugt her, when S = - [erf] indicated in Eq. (1) is applied to Fig. 2, the
A\owi ng rel ati on between the voltage V and the current | .is obtai ned:

\[e4] Wen this equation (6) is substituted into Eq. (5), the following is

obtai ned: [err] Thus, the devel opment of the regenerative power can 10
prevented by controlling the voltage V on the basis of a torque conmmand.

Wth the above control nethod, however, the torque T is inversely

be

~.

proportional to the cube of the input angular frequency [err] as indicatg

in Eg. (7), and a 15 controllability therefor is very inferior. Anothér-
problemis that, when the slip S is changed stepwi se to the value indicated

by Eq. (1) upon the shift of the torque cgomrand from power running to
braking, current flows to the prinmary side to generate a transient: torque

20 on account of residual current or residual magnetismremaining in the

rotor, so a confortable ride il i?he cage is spoilt.
ainms to solve the problenms of¥¢he prior art as described above, and in
particular has for its object to provide a control
el evat or which pFestdfits Fhgerertari Ye/ ppvidifppsd in Eq. (1) is applied

10

15

20

to Fig. 2, the following relation between the voltage

- V and the current I is obtained:

Ve (2, + 2, wl | cee (6)

When this equa:ion (6) is substituted into Eq. (5), the
following is obtained: '

1 ! 2

T = - . ( ) o V¥ . eee (7)
w03 El + 22 . . .

Thus, the development of the régenerative power can

be prevented b& conttolliﬁg the voltage V on the basis
of a torqﬁe command. |

Wiﬁh the above con;rol method, however, ;he torque'

T is inversely proportional to the cube of the input
angula; frequency w, as indicated in Egq. (7), and a
controllability therefor is Qery inferior. Another
problem is ﬁhat, wﬁen the siip S is changed stepwise

to the value indicated by Eq. (1) upen the shift of

‘the torque command from power rumning to braking, current

fiows to the primary side to generate a transient torque
on account of residual current or residual magnetiém
remaining in the rotor, so a comfortable ride in the

cage is spoilt.

4 Thi s.i.nggntion

apparatus for an A C

]



devel opi ng in the sl owdown node and unl oaded operation of the elevator and
whi ch énsures good controllability as well as a confortable ride. The
present invertion resides in a control apparatus for an A C el evat
havi ng an i nduction nmotor which is driven by A C. power thereby to M a
cage of the elevator: the control apparatus ionprising a vari abl e-frequency
power source which converts direct current ihto alternating current of a

desi i.ed frequency for energising the said notor, a braking side current
conMrend- generator which generates a current connand val ue with an angul ar

frequency [errlrHileeViaiitdiei o PIRSIUES | §8L0é €RECPLOBLENE BEWehel bedozai d
i nduction notor when a brakJ%éhforce S @ 1|ed ducti on,not or
f

to,said i
where or is th@tcafidearibad 13QRens3n ?hgaﬁ’éf"d?;af ngt 8L, d&8<t ance
on the prinmary objbsetoftd prowids ,a r@onsttdk appasatusefon aheAs@sondary side

of the notor, r.e cto [ t S current
fl ow ng throug smﬁféguﬁﬁiéhnpéﬁggﬁgé §&§ﬁégﬁﬁ | ééegeemﬁﬁgh cgnpares
t he current coﬁmxaiapﬂngatnutnemslaanMMamedesanéruahoadﬁd ebesRtden: rol s
current to T1oye RifiQh & br "if bRl ObRbur 86 §86a°¥bhEED1IABIIAEy 2l e

as well as a comfortable ride.

The present invention resides in a control apparatus for
an A.C. elevator'having an induction motor which is
(% driven by A.C. power thereby to run a cage of the
elevator; the control apparatus comprising a
vafiable-frequency power source which converts direct
current into alternating current of a desired frequency"
for ehergising the said motor, a braking side current
command generator which generates a current command
value with an angular frequency
0y = wr/(l + rzlrl)-preventive of production
of regenerative power from said induction motor when a
braking force is applied to said induction motor,
where o, is the actual_angular frequency of the
motor,
L B is the resistance_on the primary side of the
motor,
L, is the resistance on the secondary side of
the motor,

a current detector which detects the instantaneous
current flowing through said induction motor. and a
control device which compares the current command value
and the instantaneous current and which controls current
to flow through said induction motor, at the current

command value.



'ntrol apparatus for an A C. el evator enbodyi ng this performs control
@A hat, in the case of causing an inductien notor ‘to generate a control

torque, current is supplied to the induction notor in conformty With a
current command val ue which has a frequency such as not to incur
regenerative power and an anplitude based on a torque comand. In the
control apparatus for an A C. elevator thu%@onstructed, the current itself._

“is controlled, and hence, the controllability of the torque is enhanced ::;;
much nore themnuraﬂuaqpanntuﬁtfommamokee, ahevacgsSemprUenssthaﬁ li kel y=*

to arise al be el arof AN ORNE! {4"0h0ohBePbRkbAds1HG Al the

el evator control apparatus affords a co orta e ride. Brief Descrlptlon of
t he EXamnngsinﬂmgtipﬂsﬂQ$Qﬁr%ﬂuge%ﬁ%@?%n@sﬁ%ﬂFﬁglaﬁ°EﬁHGd|ﬁEﬁFeGF

- Eont r <2)I appars%wlai;a dtaﬂ thd ilrﬁi@d@i@ﬁ ﬁ?@gt diﬁgcbﬁfbbmitygw&mw Qn; 5f
1 g Is a sinplified equiyva Clr L a an |1 nduetion tor tor
expl ai ni ng t FRLHENCGRMR (kﬂd Qihﬁ fﬁéthﬁﬁ g gﬁeﬂPFBFyanc o RS & ot
appar at us meoaﬁn%di nﬂgﬁnﬁn&tlib power &nd. af ampidtudecbaisedcionca t :
dlagran1shomnn%
que command.

In the control apparatus for an A.C. elevator thus
“constructed, the currént itself is controlled, and
hence, the controllability of the torque is enhanced L
much more than in the prior art. Moreover, an excess
torque is not likely to'arise at the change-over from
power running'to-braking. s0 -that the elevator control
apparatus affords a comfortable ride.

Brief Description of the Drawings:
Fig. 1 is a circuit diagram showing an embodiment of a

control apparatus for an A.C. elevator according to this
invention;



inter nal arrangenent of a control conpensator; Fig. 4-is a diagram
illustrative of the output of the control conpensator in Fig. 3; Fig. 54
an electric circuit diagramshowing an 10 exanple of a practicable @
operating circuit of a selector switch; Fig. 6 is an equival ent circui

di agrgm of an induction nmotor; Fig. 7 is an electric block diagram show ng
the 15 internal arrangenent of a power running side current conmand
geperator; and Fig. 8 is an electric block diagram show ng the internal
arrangenent of a braking side current command generator. 20 Description of -
the Preferred Enbodinents: Fig. 1 is a circuit "diagram whi ch shows one
enbodi nent uE a control apparatus for an A{. elevator according to this
invention. Referring to the figure, nuneral | designates a subtracter by
whi ch an. actual velocity 25 signal [err] provided by a tachoneter generator
14 to be described | at®is.i 8 s$sbd reicpedffedmeanvahgul airvel noiitagran 6
command signal [err] nuneral 2 a control conpensator which subjects the

out put signal -of PheaButdraEte? mPtEs ARSI PAGAPEMS dNcoRT iaftP SfuRéral 3 a
power running sideg current commnd geper at or. which r.eceives tshefogct ual

or-art control apparatu

vel ocity
an A.C. elevator;
5 . Fig. 3 is an electric circuit diagram showiné.the
~internal arrangement of a cont;ol compensator;
k,/ ' Fig. 4 is a diagram illustrative of the output
of the control compensator_in Fig. 3;
Fig. 5 is an.electric circuit diagram showing an
10 example of a practicable operating circuit of a selector
switch; l - |
fig. 6 is #n equivalent circuit diagram of an induction
motor;
Fig. 7 is_an electric block diagram showing the
15 internal arrangement of a power rdnning side cufrent
command génerator; and
Lv) Fig. 8 is an electric block diagram showing the

internal arfangement of a braking side current command
generator. | |
20 Description of the Preferred Embodiments:
. Fig. 1 is a circuit diagram which showé one ‘embodiment
vf a control apparatus for an A.C. elevator according
to this invention. Referring to the figure, nﬁmeral
1 ucsignates a subtracter by which an actual velocity
25 signal w. provided by a tachometer gemerator 14 to be

described later is subtracted from an angular velocity



5 signal [err] and a torque command signal T provi ded fromthe control
(fgggensator 2, thereby to deliver an instantaneous current conmand val ue | A
C

~-power running mode. Nuneral 4 designates a braking side instantaneous |,
rent command generator, which receives the torque command signal 10 T
and the actual velocity signal [err] thereby to deliver a current conmand
value | in a braking node. A switch 5 selects either the current command
value 1A in the power running node or the current command value IB in thg
braki ng node, and is changed-over according to the 15 sign of the torque -
command signal T delivered fromthe control conpensator 2. The enbodi nent
further conprises a subtracter 6 by whichéthe output of a current detector
15 to be described later, fromthe current conmand value | A or IB selected
20 by the switch 5, a pulse width nodul ator 7 which receives the out put
signal of the subtracRFr 6_apd subjects i} to'gulse wi dt h nndu%igign, and
an inverter 8 whfRRPIR SERPPDI T BYSEAE DA SE°W ot 1FOMBAAFATDY “71the A C.
el evator includeg,pfled AYGEI OB S Q% gQa VI LR nleSs i VRN 251 Y phase ,
vari abl e-vol tage and vari abl e-frequency power source, and a sheave 10 which
is driven by thecbhgkrdadtdonDéd nume?a® And pooefidr WiiGR aige raurkdnwith a
cage 11 and a weight 12 fixed to both its ends is wound. The tachoneter
generator is shofPA®Band, geeeERCAY Vhisl Faeeicitsr &Rt dtuedt splocity

S- signal w, and a torque cohmgnd signal T provided ffoﬁ
the control compensator 2, thereby to déliver an instantanecus g;)
current commaﬁd.valué IA in a powgr.runnipg mode.  Numeral
4 designates a braking side instantaneous current command
generator, which feceives the torque command signal

10 f and the acfual velocity signal dr thereby to deliver
a current command value I, in a braking mode._ A ;wi:ch
5 selects either the current command value I, in the
power running mode or the current éommand value IB in
the braking mode, and is changedfbvef according to the

15 sign of the torque command signal T delivered from the
control compensator 2.

The embodiment further comprises a subtracter 6 et
by which the output of a currént detector 15 to be described
later, from the current Eommand value IA or IB selecfed

20 by'tbe switch 5, a pulse width modulator 7 which receives
the output signal of the subtracter 6 and subjects it
to pulse width modulation, and an inverter 8 which is
controlled Sy the pulse width modulator 7. The A.C.
. élevat&t includes an induction motor 9 which is driven
25 by a variable-voltage and variable-frequency power source,

and a sheave 10 which is driven by the induction motor



at nuneral 15. 5 In the control apparatus for the A C. elevator :
constructed as described above, in.a case where the torque canmand signal ff .
which is output fromthe control conpensator 2 receiving the output sigmrN -
of the subtracter 1 for the subtraction of the actual angul ar vel ocity
signal [err] fromthe angular velocity command signal [err] is plus, tRg
is, where a power running torque is-to be generated, the switch 5 selects
t current command value | which is produced fromthe power running side
current conmand generator 3 receiving the torque conmand 15 signal T and
the actual velocity signal wr. The output signal of the switch 5 has the:
out put signal of the current detector 15 sgybtracted therefromin the
subtracter 6, that is, it is conpared with the actual current, whereupon a
necessary current comuand is supplied to the pulse 20 w dth nodul ator 7.
The pul se wi dth nbdaddatropnd woirhr ¢l sithd 3 miektercagej bl AtorrddAEeR i th t he

requi red current command, whereby current to be feg from.the ierrwerter 8 to
n I

the induction notbf 9i%ed EBARTTN &4 & %ad 5t 8°8¥ht r SiMet R 1B GSE
to-be-generat ed. Nextouni De CRASR 130 98NEIAl tRY & SQBkr ke Orgue for
whi ch the torque %%nrfrfe?ﬁarsfgnalw? p-Fow dérd fromthe:control 8t
conpensat or 2 becstasm#rausisa vel ocity command signal [err] is obtained

fromthe actug;ll velocity signal [err] on _
: In the control apparatus for the A.C. elevator

consﬁructed as described above, in a case where the
K~) _ forque command sigpal T which is output from the control
comfensator 2 receiving the output signal of the subtracter
1 for the subtraction of the actual angular velocity
10 signal w_ from the angular velocity command signal wy
is plus, that is, where a power running torque is.to
be generated, the.switch 5 selects the current command
value IA-which.is produced from the power ;unning side
cutrent';ommand generator 3 receiving the torque command
15 signal T and the actual velocity signal w_. The output
signal’of the switech 5 has the output signal of the current
L detector 15 subtracted thereftom in the subtracter 6, that
is, it is compared with the actual current, whéereupon
a necessary. current command is Supﬁlied to the pulse
20 width modulator 7. The pulse width modulator 7 controls
the inverter 8 in accordance with the required curreﬂt
command, whgreby current to be fed from the inverter 8
to the induction motor 9 is controlled so as to control
the torque to~-be-generated.

25 Next, in case of generating & control torque for whi@h.

the torque command signal T provided from the contro;



basis of the follow ng equation: W = (1 - S)[err]

~)(8) S Substituting S -r /r into Eq. (8), [err] 7

.NZX/n the other hand, the follow ng is obtained fromthe torque compand
signal T on the basis of the equation (5) nmentioned before 10

[err] O Accordingly, the braking side current.conmand generator 4 produces

t he instantaneous current command val ue | which has the anplitude and the

angul ar frequency obtained fromEq. 10 and Eq. 9 respectively, and mthh;Q;#

is supplied to the subtracter 6 through the switch 5. The subtracter 6 ™

finds the difference between the instantaneous current command val ue |I and

the actual neasurenent val ue delivered gromthe current detector 15 and '

applies it to the inverter 8 throu%h the pul se w dth nodul ator 20- 7, -
wher eby a curr BREPSPERERT tD PEECTRY TG Ehe® iMTdast tofoMBEBY F&P&lcontrolled to

a target value, The gbove £¥00di iRl has head desaliihed as sho the case of
sel ecting the r@spective current command values [err] and [err] in the

power running epeeaand éhebler aking inpdeq@ioby t he use of the switch, - but
this invention is not restricted thereto. It is needless to say that, in
case of enploying a m cgoeconputedy.Qr the |ike, a cal cul at.i.on¢gpr generati ng
a current command val ue fray be chaﬁged according to the sign of a torque
comand si gnal Swbstituting § = -r,/r, into Eq. (8), - :

wg = w /(1 + r,/r)) el (9)

o
On the 6ther hand, the foliowing is obtained from the . -. : -
torque command signal T on the basis of thé equatibn
(5) mentioned before: |

0 1=k TV oo T ao

Accoidinély, the braking side current command
genefator 4'pr6duces the instantaneous current command
value IB

obtained from Eq. 10 and Eq. 9 respectively, and which

which has the amplitude and the angular frequency

15 1is supplied to the subtracter 6 through.the switeh 5. The
subtracter 6 finds the differehce between the instantaneous

current command value I_ and the actual measurement value

B
delivered from the current detector 15land'applies it -_h_;.
to the inverter 8 through the pulse width modulator

20 7, whereby a cﬁrrent value to be fed to the industion
motor 9 is controlled to a target value.

The above embodiment hﬁs_been described as to the

case of selecting the respective current command values

'IA and IB

25 by the use of the switch, but this invention is not -

in the power running mode and the braking mode

restricted thereto. It is needless to say that, in case
of employing a microcomputer or the like, a calculation
for generating a current command value may be changed according

to the sign of a torque command signal.



9 Next, the princi pal ones of the constituent elements of the circuit shown
in Fig. 1 will be described nmore in. detail.  The control conpensator 2 Gy
~functions to’'enhance the 5 control performance of the speed feedback - N
control. '‘Although it has various conpensatory nethods in accordance vvlth
the characteristics of controlled systems and can realize a required
function with software technology in actuality, a hardware construction

mnll be exenplified here. 10 " Fig. 3 shows an exanple of the control
coﬁbénsator 2, which conprises an operational anplifier A a capacitor C

and resistors [err] and [err]. The transfer function F(S) of this circuit

is given by: [err] where T1 [err] and [err] This circuit generates an

out put as shown in Fig. 4. The devi ation between a speed command and an
actual speed is not directly used as a torque command, but the tine

variation of the 20 deviation is noderated in order to stabilize the speed
control. The conpensator in Fig. 3 serves to raise a gainin a |ow

frequency regl on so\‘as toth%l g]r{] nci h]aa? §r§eesa%¥ gl?é/ic%agpﬂuent elements

of the circuit shown in Fig. 1 will be described more
in detail.
The control compensator 2 functions to enhance the

.9 control performance of the speed feedback control. Although

Kﬁj it has various compensatory methods in accordance with
the cha;acteristics of controlled systems and can realize !
a required function with software technology in actuélity.
a hardware construction will be éxémpiified here.
10 Fig. 3 shows an example of the cﬁntrol compensatbr
2, which compfises an operational amplifier A, é capacitor
C2 gnd resistors RO' R1 and Rz.
The transfer function F(S) of this circuit is given by:
15 - F(S) = ;l x ;g_;_;_;
0 1=
NS

where T1 = (R1 + Rz) C2 and Tz = Rz'Cz. This circuit
generates an output as shown in Fig. 4. The deviation
between a speed command and an actual speed is not directly
used as a torque command, but the time variation of the

20 deviation is moderated in order to stabilize the speed
control. |

The compensator in Fig. 3 serves to raise a gain

in a low frequency region so as to diminish a steady

deviation.



10 The output of the control conpensator 2 becones the torque command, and

t ntrol needs to be changed dependi'ng upon the sign of the output. The
coRtedl change should preferably be realized in software fashion.” However
.5 it will be described with reference to a circuit in Fig. 5 here in

order to facilitate understanding. In Fig. 5 synbol R denotes a resistor,
synbol RL a relay corresponding to the selector switch 5in Fig. 1, synbolxk
Tr a transistor, and synbol D a diode. 10 When the output T of the~ ™™
control conpensator 2 is plus, the transistor Tr turns "on" to energize tife |
-relay RL, the switch of which connects A- Cin Fig. 1. On the other hand,
when the output T'is mnus, the transistor Tr turns "off" to deenergize the’
relay .15 RL, the switch of which connects B- Cin Fig. 1.. The control
change is effected by such operations.JJhe power running side current
command generator 3 has been proposed in various forns, and is often
realized wth software technol ogy. However, an exanple enploying 20 a
hardware circuit will be exenplified here. Before describing a practicable
circuit, the equi vgleeRle e oYl tndfcodRrbNAUGHERE dHt OF bi¥ddesPe explained. In
Fig. 6, synbol [err] denotes the excitation inductance of the induction
notor, and symheltdrgoe]cdnvandecontdany @mtrolesesisanoebe¢ rhapeed

debending upon the sign of the output. The coﬁtrol'chéhge

should preferably be realized in software fashion. However,

5 it will be described with reference to a circuit in Fig. 5 - i‘) v

here in order to facilitate understanding.
In Fig. S,.symbol R denofes a resistor, symbol
RL a relay corresponding to the seléctor swifch 5 in
Fig. 1, symbol Tr a transistor, and symﬁol D a diode.
10 When the output T of the confrol compensator 2
is plus, the transi;tor Tr.turns "on" to energize the
relay RL, the switch of which connects A - C in Fig. 1.
On the otﬁer hand, when the output T is minus,
the transistor Tr turns "off" to deenetgize the relay
15 RL, the switeh of which connects B - C in Fig. 1.
The control change is effected by such oper;tions.
'The power running side current command generaﬁor
3 has beeﬁ'propﬁsed in vﬁribus forms, and is oftenlrealized
with softwvare teﬁhnology. However, an example emplofing
20, hardware circuit yill be exemplified here.
Before describing a practicable circuit, the eﬁuivalent
circuit of'aﬁ induction motor will be explained.
In Fig. 6, symbol Lb denotes.:he excitation inductance
of the induction motor, and symbol r, the secondary

25 resistance thereof.



The ouﬁput P of the notor becones: 0 P r2 1T o
..~ (11) On the other hand, the output torque T is given as follows when the~-

angul ar velocity of the notor is 5 denoted by [err] [err] Here, [err]
denotes the slip frequency and is expressed by . [err] 10 Next h
followng holds in view of the equivalent circuit in Fig. 6: [err] }
Accerdingly, 15 From Egs. (12) and (13), T o] s... (14)
Theyrefore, assuming | to be constant, 0 .12 Simlarly, fromEq. (13),
[erfT These equations (15) and (16) indicate that, assum ng the current |
to be constant, nanely, assuming the 0 5 magnetic flux ( [err] ) to_be

constant, the torque O T is proportional to the slip frequency, while the
current - 11

The output P° of the motor becomes:

_l=5 _ .2
o S a2 ‘1 =

.1

On the other hand, the output torque T is given
:"'(_j as follows when the angular velocity of the motor is

5 denoted by u&:

P

.'I.=_o= 1 _I-Sr 12

J, vy (1 —-5) S 2. 1

T

2 2 . .
T-;,—IT v ..(12)

s
Here, U, denotes the slip frequency and is expressed
by_ug -.Uo S. |

10 Next, the following holds in view of the equivalent

circuit in Fig. 6:

. Tr
. ' I f L =2 I,
s

LN . o o o
Accordingly,
L, R
IT = US.;‘_-.IO ) | ..0(13)

2
15 From Eqs. (12) and (13),

Te2.12.45 L .14)

Therefore, assuming Io to be constant,

T=Rpoo, | .o (15)



he secondary side is simlarly proportlonal to w2. Accordingly, .when a
frequency command signal * X . . ‘
* [err] and a secondary current conmmand S|gnal [err], are generated 10

acecording to a torque command signal T as illustrated in Fig. 7, the notor
can generate a desired torque. In Fig.7, a circuit [err] and a CIrCUIt K2
are circuits * * which calculate [err] and [err] in conformty with Eqs

(15) and (16) and deliver them respectively. An angular *.15 vel ocity \(»
command signal [err] to be fed to the notor is obtained by adding the A
actual angul ar velocity [err] to * * the signal [err]

This signal [err] is input to a voltage-to- frequency converter V/F,

-whi ch provides pul ses of a frequency changing in accordance with the input.

- . The 20 pul ses are input to a counter , the output of whi.ch causes a

- menory ROMto produce a binary signal expressive of a unit sinusoidal wave
as stored theramiidbey priedwceg. qubpyt passes through a digital-to-analog

converter DA and is converted into the anal og signal of the unit 25 '

si nusoi dal wave. = 13 Gy Fhk, %tsher hand, the secondary current (@émand

signal |1 T* passes through a nonlinear anplifier AW _
These equations (15) and (16) indicate that, assuming

the current Io to be constant, name;y, assuming the
s magnetic flux (¢ =TI, Lo) to be constant, the torque
T is proportional to the slip frequency, while the current . KUJ
on the secondary si&e is similarly proportional to wz.
Accordingly, when a slip frequency comqand signal

*

ms and a secondary current command_signal_lr

are generated - -
: i - .
10 according to a torque command signal T as illustrated

in Fig. 7, the motor can generate a desired torque.

In Fig.7, a circuit K1 and a circuit K, are circuits

2
which calculate ws* and IT* in conformity with Egs. (15)
and (16) and deliver them, respectively. An angular

15 velocity”comgand signal mo* to be fed to the motor is:
obtained by adding the actuai angular velocity w, to ..w

* *
. This signal w

the signal w o

8 is input to a voltage-to-
frequency coanverter V/F, which provides pulses of a
frequency changing in accordance with the input. The

20 pulses are input to a counter CWT; the output of which
causes a memory ROH.to produce.# binary signal expressive
of a unit sinusoidal wave as sto?ed therein. The produced
output passes through a digital-to-analog converter D/A

and is converted into the anmalog signal of the unit

25 ° sinusoidal wave.



and becones a primary voltage command signal | This signal [err]
nmodul ates the output anplitude of the DA 5 °~ converter DDA and forns the
anal og val ue ‘of a primary current command [err] to be fed to the notor
When'such circuits are disposed for the respective phases, a three- pha{é@%)
current command to be fed to the notor can be produced. 10 " The
braking side current command generator 4 is arranged as shown in Fig. 8. A
cirguit [err] provides * the frequency conmand signal [err] proportional to
the™ctual angular velocity [err] and a constant [err] for executing the '
proportienal calculation is expressed by: 15 [err] Also a circuit [err]
cal cul ates and provides the current command [err] which is proportional to
the notor torque * conmand signal T Sincesthe other circuits are simlar to
the corresponding 20 circuits shown in Fig. 7, they shall not be described
in detail. 14 As descri bed above, in a control apparatus for an A C

el evator according t o0t hite ppaventhaon, thﬂ'menbndarsehﬁriam:fh@wnidwrough an

i nduction notor is contrqlled,
signal IT passes through a nonlinear amplifier AMP

X *
and becomes a orimary voltage command signal I1 . This

* .
signal Il modulates the output amplitude of the DrA.
5 converter D/A and forms the analog value of a primary
*
ij current command il to be fed to the motor.

When such circuits are disposed for the reﬁpective
phases, a three-phase current command to be fed to the
motor can be produced.

10 The braking side current coﬁmayd'genera:or 4 is
arrangéd as shown in Fig. 8.. A circuit K3 proﬁideé\
%

the frequency command signal Wy proportional to the

actual angular velocity'wr, and a constant K

3 for executing
the prqportional calculation is expressed by:
15 1 '
K =
3
1+ rzlr1
N Also a circuit K4 calculates and proyidgs the current

command 11* which is proportional to the motor forque
conmand signal T*.
Since the other circuits are similar to the corresponding
20 civcuits shown in Fig. 7, they shall not be described

in detail.



so that the controllability of ~a torque is sharply,enhanced. 5 Anot her,

r kabl e effect is that, since an excess-torque is prevented fromarising:-
a@e change-over of power running to braking, the A . C. elevator can, be
conttrolled with a confortable ride in a cage. More specifically, unlike the
current control type 10 inverter of this invention, the voltage control
type inverter in the prior art produces a voltage corresponding to the .
magni t ude of a mnus torque command when a torque command has changed frofr
plus to m nus. However, when current having been flow ng through the rotor.
of the 15 notor for the plus torque command remains transiently, it causes
~current to flowto the stator side of the nmotor. This current is added to
an essential current, so that the transient torque develops. |In contrast,
with the current control type inverter 23 described in this invention, only
current corresponding to thjg’ t.or gue cqrrmand itso aused to flaow and no
unnecessary current ¥ 8885759 ARV hé " F aFETERL TFG86 tan be prevent ed
from devel opi N a.cl5e AN adeoMi1GQNEL OlniBPRAY S Snl, Ofudenl. C. el evat or
havi ng an i nduction notor which is driven by A C. power thereby to run a
cage of the el evatolf tbhéloonhretshmratatvsticanpris A§ aoverilapfe- frequency

power  source mthr%hat the conﬁrqllability of a torque is sharply enhanced.

5 Another remarkable effec; is that, since an exéesg'torqpe
is prevented from'ari;ing at the change-over of power
running to braking, the A.C. elevator can be controlled
with a comfortable ride in a cagé._

More specifically, unlike the currént control type

10 invérter of this invention; the voltagé control type
inverter in the prior art produces a voltage corresponding
to the.magnitude of a minus torque command when a torque’
command has changed from plus to minus. However, when
current having'been flowing through the rotor of ;he

15 motor for the plus. torque command remains transien:iy,
it causes current to flow to the stator side of the motor.
This current is'édded-té an essential current, so that
.the transient torque developsf -

In contrqst; with.the current control typé inveffer

20 described in this inveﬂtion,.énly current corresponding

to the iorque command is caused to flow, and no unnecesﬁary
-'c;rrent flows, so thaf the transient tofque canlﬁe prevénted

from developing.



conver.ts direct current into alternating current of a desired frequency for
energi sing the said notor, a hraking side curre ener at or mhich
genérates, a current connand value with an angul2$~eennﬁgﬁEg“r“rrf-
preventive of production of regenerative power f l"Wﬂ NDt Of ="
when a braking force is applied to said in qptlo "@p iif%%%
actwal angul ar frequency of the motor, [err] is the resi stfanse @n the
prkggry si de ELA&QE motor, [err] is the resistance on the secondary side of

the hotor. a Torremt detector which detects the instantaneous current
fl owi ng through said |nduct|on notor, and a control device which conpares

the current commmpd vl uBn8eda! BBpaRSICEY 20604 SHIL W) AP INIIEI EOD! ol S

current to flow {hrough sal tion notor he cur contmran value
2. A control 3BphRdng IPBrNQEOA EhisheﬁatdﬁiﬁgnkhMrhx94rPQwQﬂrﬁugtébvther

conprising a wwﬁnrunaaae BEdenEURIRVa toRTTRMS CMAH aphl A diener ates a
current command v running of said induction notor, a
swi t chi ng dev?gﬁpﬁﬁ?gﬂgsﬁngegﬁﬁ5ﬂ9 ~$ £ 8ENRBSYs ROWeLo HOURCSMAIRN wi th ei t her
of the outputcénvertai dibeoki ogr2edet dutoeal tedRFIhg VW MY ¥t t he
out put fro"]sﬁeglpgﬁefrequency for energising the said motor, a
- braking gide current command generator which generates a
_current command value with an angular frequency '
L '00 = wr/(l + rzlrl) preventive of production
\4‘. of regenerative power from said induction motor when a
braking force is applied to said induction motor,
where o_ is the actual angular frequency of the
motor,
r, is the resistance on the primary side of the
motor, "
L, is.tne resistance on the secondary side of
the motor,

a current detector which detects the instahtaneous
current flowing through said induction motor, and a
control device which compares the current command value
and the instantaneous current and which controls current
to flow through said induction motor, at the current
command value. '

~

2. A control apparatus'for an A.C. elevator as
defined in Claim 1, further comprising a power running
side current command generator which generates a current
compand value for power running of said induction motor,
a switching device which switchingly supplies said
control device with either of the output from said
braking side current command generator and the output
from said power. '



16 running side current conmmand generator., and a conpensator which causes
sai_d switching device to switch on the-. basis of a difference between a
.v@‘jty command signal for said notor and an actual, velocity signal ,of .
S 5 notor. 3. A control apparatus for an A.C. elevator as defined in
Claim2, wherein said control device conprises a subtracter which conpares
the current conmand val ue supplied via said swtching device and the c
current value 10 delivered from'said detector mm mmumm; a 1‘}'
di fference val ue between them and an inverter m“l u ed by a ~.
command signal produced on the basis of the output f *safd Subtracter and
whi ch outputs the alternating current of variable voltage and variable
frequency. 15 4. A control apparatus for an A C. elevator as
defined in daim?2, wherein said conpensgtor generates a t orque  command for
said notor on.the basis of the difference between t.he two velocity
signals. 5. A control apparatus for an A . C. elevator as 20 defined in
Claima4, wherein said power running Si (rj,g current commnd gjenerator and said
e

braki ng si de cuf F&Ht"8cSARMF 'JEREr AV e8RIFE PR 1T GuESRRHITZRAT f r om sai d

conpensator and, {8 aeLal 348l306L1 vemingnaky e 331 G UL s they deliver -
the current conmand signal for the power running 25 and the current

command signal basig lvd brdidfregencantaryeen a velocity command signal

for said motor and an actual velocity éignal’of said

5 motor. ' ' ' .'.. . | | . - Q;J

| 35 .A control apparatﬁs_for anlA;C. eleyator as

defihed_in Clai@ 2, whefein said controi device comprises
a subtracter which compares the current command value
supplied via said switching device and the current value

10 delivered from said detector and which outputs a difference
value between them, and an inverter which.is coﬁtrollgd
by a command signal produced 6n the basis.of_the output
of said subtracter and which outputs.tﬁe alternating
current of variable voltage and variable frequency.

15 ‘4. A control apparatus for an A.C. elevator as
defiﬂed'iﬁ'Clai@'Z; wherein said compensétor generatés ' LN
‘a torque command for said motor on the basis of the
difference between the two velocity.signals.

5. A control apparatus for a# A.C. elevator as

20 defined in Claim 4, wherein said power running side current
command genefator and said braking side current command
generator receive the torque cocmand from said compensatof
and tﬁe actual velocity signel of said moibr,'and they
deliver thé current command signal for the pover funniﬁg

25 and the current command signal for the braking running



-

* Co,L M S * 17 on the .basis of these inputs respectively, and these
out put signals are applied to,said .switching-device. 6A control apparatus
f.or gM A.C. elevator as defined in aimb5, wherein said switching dew

sel ects 5 and-del i vers the output of said mlltu e curre
command generator when the torque conmand fro r is plus;
and it selects and delivers the output of said braking side current command
ge’-‘r.]%pator when the torque command from said conpensator is mnus. 10

7. A control apparatus for an A C. el evatdor, substantially as herein
described with reference to Figures 1 and 3 to 8 of the acconpanyi ng

drawi ngs. _

on the basis of these inputs respectively, and these
output signals are applied to said swgtching device,
6. A control apparatus for an A;C. elevator as
defined in Claim 5, wherein said switching device selects
-5 and- delivers the output of said power running side current
command generator when the torque command from said |
L,;. combensator is plus, and it selects and delivers the
output of said brakiﬂg side current command generator
"when the torque-command from said coﬁbénsator is minus.
10 7. A control apparatus for an A.C. elevator, substantially as

herein described with reference to Figures 1 and 3 to 8 of the

accompanying drawings.




