1 CONTROL APPARATUS FOR ELEVATOR Background of the | nt,i nvent
relates to a control apparatus for an el evator whi c&a/é?%e% .
isnduction nmotor. There has been an el evator system wherein an |nduct|on '
notor is enployed as an electric notor for driving a cage, and it is
subjected to a slip frequency control, thereby to operate the cage with the
torgﬂe of the notor controlled. Fig. 2 Is a bl ock diagram of an exanpl e of
a prior-art control apparatus disclosed int of ficial gazette of Japanese
Pat ent Application Laid-open hb 59 17879. F@ferrlno to the figure, nuneral
1 designates a three-phase A G . B BLEVAOR yeral 2 an

el ectronmagneti c contactor contact mhlch S connected to the three- phase

A. C. power source termnal and which closes on starting of a cage 9 to be

descri bed bel ow gudxaPs0Raa 08¢ SEREPE APedfifs£0f - Nuneral 3 indicates a
converter by whi C%‘HQTﬁTEE‘D%aSE'E$TETﬁ§§;hg current obtained through the

el ectromagneti c cont @R8I i RPEAELSn 2ré Pa€dRNOP h I Y X8 Y ppataiti@nicorndmer al -
4 a snoot hing capacitor which is connected across the output term nals of

t he converter 3, ededanuopewhich b® dnireen by cin timdyntdiom wiotior .nodul ati on

system which is connected to both the term nals of the snoothing capacitor
4. and which There has been an elevator system wherein an

induction motor is employed as an electric motor for
driving a cage, and it is subjected to a slip frequency .
R‘/ _ control, thereby to operate the cage with the torque of
“the motor controlled. -Fi§. g is 'a block diagram of an
example of a prior-art control apparatus disclosed. in
the official §azette of Japanese Paient Application
Laid-open No. 59-17879. |
Referring to the figure, numeral 1 designates a
three-ﬁhase A.C. power source terminal, and numeral zian
electromagnetic contactor contact which is connected to
the three-phase A.C. power source terminal and.which
- : | cleses on starting of a cage 9 to be described below and
opene on stopping thereof. Numeral 3 indicates a
converter by which a three-phase alternating current
obtained through the elect:omagnetic-contactor cbntact 2
is changed into direct current, numeral 4 afsmoothing'
capacitor which is connected across the output terminals
of the converter 3, and numeral 5 an inverter of the
pulse width modulation system which is connected to both

the te:mihals of the smoothing capacitor 4 and which



tage and variabl e frequency. A three-phase induction notor (hereinbel ow,

rimed 'induction notor') 6.is driven by the inverter 5, the drive sheave 7 -
of a hoist is driven by the induction notor 6, a main rope 8 is wund round
the drive sheave 7. the cage 9 and a counterweight 10 are respectively {
coupled to both the ends -of the main rope 8, and a tachoneter generatorafi
detects the revolution speed of the i fduction motor 6 to generate a speed
signal 1lla. An adder,K 13 subtracts the speed signal 1la froma speed comand

si gnal 12¢hapgesic? | ti¥ed P deviRi A9 altednatdngd cugrepE 8dder 13 is a
conpensating, el enent. 14 whi ch seryv to..i nprove the response of the speed
control I%%%l,a%ﬁ?c oHtade 39 n‘?frelra%s]lﬁcfﬁ e85 a(éd t&’ﬁie(?h'p 8% des a slip
frequency; ' 4 ' ut A r. .15 Lhe slip
frequency“g%g‘fn%“:ﬂl“,(éjﬁ:“gt’ll M%ﬁ‘dﬂe{%gp'sp%;%e& gﬁé’lﬁqﬁ%liai.o}%mggﬁ age command
gener at or g 1fg %ﬁﬁéﬁm?ﬁw'immm&% FRlvel GheaXrel 9CBIeVIaNg the out put
15a of the adder 15, ile a frequency conmand generator 17 generates a
frequencynepstreisl &i (el By lsé NinddddiorA nfondCle,n@ @aMinCeopR IBrings switch
contacts 18a and 18b into engagenent with respective contacts a when the

slip freqguemegumdnneund stmalr v shegtalT ortheeroageadd aind ari ngs theminto

engagenment with respective contacts b when the slip frequency comand
si gnal 14coustesweight 10 are respectively coupled to both the

<z§§fhanges a fixed D.C.. voltage into alternating current. of variable

ends of the main rope 8, and a tachometer generator 11
detects the revolution speed of the induction motor 6 to §—j
generate a speed signal 1lla. An adder 13 subtracts the
speed siggal lla from a speed command signal 12, and
delivers a deviation signal. Connected to the adder 13
is a compensating elemeht 14 which serves to improve the
response of the speed control loop, which has a transfer
function.G(s) and which provides a slip frequency =
command signal 14a as its output. An adder 15 adds the
slip frequency command signal 14a and the speed signal
lla. A voltage command generator 16 generates a voltage : 7'
command signal 16a by receiving the output 15a of the
adder 15, while a frequency command generator 17
generates a frequency command signal 17a siﬁilarly. A
switching device 18 brings switch contacts 18a and 18b
into engagement with respective contacts a when the slip
frequency command signal 14a is plus or zero, and it
brings them into engagement with respective contacts b

when the slip frequenc& command signal 14a is minus.



3 A gain changer 19 is connected to the contact b of the switch contact

and upon receivinng the output 15a of the adder 15. it produces an outpu
asset value in accordarice with the received val ue.. A power control devilce
20 is connected to the contact b of the switch contact 18b and upon
recefving the speed signal Ila, it produces a frequency command si gnal

(fix&d value) with which regenerative power t9 be regenerated fromthe

i nduction notor. 6 to the D.C. side becones zero. An inverter control device

21 controls the qutayt mla%gngeg;gggpuéggsgueacynefcm é%‘f&@%ﬁgon

t he basis of the vdltage co he frequencyaconnand S1 gnal

17a, the output Ghyilthd GdnRackandsr and, upb kbeeivEmy oty SMIPBNGsd @l of
the power control device 20. In the prior-art control apparatus for the

el evat or construaihad addededsr,i hedpabaueesdani ngut pet pofed eperadiva iaf t he
I nduction notor 6. the slip frequency command signal 14a which is eval uated
with the deviati accoirgaaicebwitbetheheespivddcvaived sA powerd Tentkalhe speed
signal 1la is plus, so that the switch contacts 18a and 18b are |
respectively hel deviiceng@fgdsefonprekedntocbheageatachsh sofvihe W i gure.
Accordingly, the slip fre% enc% command sigpal 14a and 3he speed signal 1la
are added by the S98Fact158b,40d; HRORLAFER R NG ERG sPeed signal 1la,” it

ﬁroduces a frequency command signal (fixed value) with
which regenerative power to be regenerated from the
N induction motor 6 to the D.C. side becomes zero. An
inverter control device 21 controls the output voltage
‘and output frequency of the inverter 5 on the basis of
the voltage command signal 16a, the frequency command
signal 17a, the output of the gain changer 19.'and the
fregquency command signal of the power control device 20.
In the prior-art éod;rol apparatus for the elevator
constructed as described above, during the power
operation of the induction motor 6, the slip frequency
i command signal l4a which is evaluated with the deviation
signél between the speed command signal 12 and the speed
~signal 1la is plus, so that the switch contacts 18a and
18b are respectively held in engagement with the
contacts a as shown in the figure. Accordingly. the
slip frequency command signal lia and the speed signal
lia are addéd by the adder 15, and the resulting output
signal 15a is input to the voltage command generator 16

and the frequency command generator 17. In the voltage



anal 15a is input to the voltage command generator 16 and the frequency
and generator 17. In the voltage 4 command generator 16 and ‘'t he .
guency command generator 17, the voltage conmmand signal 16a and the .
requency conmand si gnal 17a are respectively generated according to which

t he out put voltage/output frequency satisfy a substantially fixed ;J
rel ati onship. On the basis of these command signals, the inverter control
device 21 controls smﬁtching el enents "constituting the inverter 5 and

causes the induction notor amﬂgenerate a torque corresponding to the slip

f r equency* VARt IR °ﬁx&f ﬁhFhéréégénng§°E@é§ﬁeﬂaﬂéazﬁﬁﬁ stogped

I I th t I nducti on
Totor 6. Wi T S aafq"evnveﬁ%w%iﬂd “*’If%&eéiﬁé'kc?ls Ehe BEeSusREE through t he
i nverter &ymydhd N iymiCa%Llhed fr %&f%ﬂigegkh@las@eaogaegkagpg' ng the

out put vol tage output frequency su stanti a constant s pe rmed, the
regener atfo/ G Bhd DuHpUtedrolitalged ou¥palthicRaqaaRRy! Eﬁhéf?loara' se the
term nal voltage thereof, and this capacitor 4 |tse f and the inverter 5

m ght be smmmmchnwemen‘ear zeliativnshipde oh the bagtscoat theseperati on of
t he induction notor 6, the switching devi-ce 18 switches the contacts 18a
and | b t conmand signadent Adves inverter control device 21 controls

switching elements constituting the inverter 5 and
causes the induction motof 6 to generéte'a torque
corresponding ﬁo the slip frequency command signal 14a. \ﬂj
When the cage 9 is degele:ated and stopped,

mechanical energy is converted into electrical energy

through the induction motoz'é. and regenerative poWer is

fed back to the b.c; gside through the inverter 5; On

this oﬁpasion. if the aforementioned control making the

output voltage/output frequency substantially constant

is performed, the regeherative energy is stored in the

smoothing capacitor 4 to raise the terminal voltage

thereof, and this capacitor 4 itself and the inverter 5 | ")
might be d#st:oyed. .

| Therefore, in the mode of the'teqenerative operation
of the induction motor 6, the switching device 18
switches the contacts 18a and 18b'to engage the contacts
b upbn detecting that the slip frequency command signal
l14a has become minus. Thus, the slip freqﬁency command
signal 14a is directly input to the gain changer 19, the

output of which is applied to the inverter control



b upon detecting that the slip frequency command signal 14a has becone

m nus. Thus, the slip frequency command signal 14a is directly input to
gain changer 19, the output of which is applied to the inverter control
device 21 as a voltage conmand signal. Besides, the power control device 20
rec€ives the speed signal Ila as its input, and it creates a frequency

co nd signal nmaking the regenerative power ero and applies this signal
.to the inverter control device 21. The expression 'control naking the
regenerati ve powgevieeo21sagnafvertsgascommonddidredl nedenides, aher gy
within the notor. The principle of the power control device 20 which

gener ates the freqwencponbrobndlevigma?0 freceives fheop@peed [sidnaldddaer ialsed
by referring also to the equivalent circuit of the induction mptor shown in
Fig. 3. Referrindtolppyt.3and| tetereatRte? TReqHRngY iOmmAaRd, FPNAilt hin t he

i nduction motor 6 |s given by: [err].where [err] Here, V. A C .input
vol tage. Z: overQFklpapégﬁnﬁégﬁ$efﬁLlYﬁdﬂ%Y brf cﬂn%xaqaﬁiﬁﬁ tB3& t ati on
conduct ance. , signal to the inverter control device 21. The
expression 'control making the regene:ative power zero'
gsignifies consuming all the mechanical energy within the
motor. The principle of the power control device 20
\~J/ which generates the frequency commahd signal for this
purpose will be described by referring also to the
equivalent circuit of the induction motor shown in
Fig. 3.

Referring to Fig. 3, electric power P. which is

1
consumed within the induction motor 6 is given by:

2 2-
g2 v v
P1 = V 504-!‘1 (2) +r2 (-Z') ..... (1)
; where
N
.\-/. - .
Z = ﬂxl + xz)2 + (rl + 1:2/8)2 ..... (2)
Here,

V: A.C. input voltage,

Z: overall impedance of the induction motor 6,

go: excitation conductance, .
Ly L,: primary resistance and secondary

resistance (calculated into a primary value) of the



ertihy primary resistance and secondary resistance (calculated into a
pC: y value) of the I nduction notor 6. [err]: primary | eakage ° .
c/ance and secondary | eakage reactance (calculated into a primry value) «

of the induction nmotor 6. 8: slip of the induction notor 6. On the other
hand, electric power P which is 2 generated as regenerative power is giVEen
by: [err] Here, when the slip [err] is_controlled so as to hold: [err] art
t he nechani cal energy is consuned wi thPn the induction motor . _
Substi tuti, Eqs. (1) .and_(3) into Eq. (4). [err] where Z = Z(s) is put. By
evaluatindnguﬁﬁﬁeﬂ EéPP§fPes Eq. (5) without regard to the input voltage V,

. e ¢ " e : age
lectri 6 powefiirs tab: B AT EeRR8se FRERtEAEE 4 Fetandieda o gi ven.
the fr eqUQ@QXagng@tﬁhGBakcEQEuiEEe&”YﬁE&eé g‘én%+.§ﬂ§t\?£mé‘)edof It is

accordi ngly understood that only the speed si
the induction motor 6. '

g: slip of the induction motor 6,

Oon the other hand, electric power P2 which is

génerated'as regenerative power is given by:

-/
V2 1 - 8
P2 = (z) ( 5 ) s e (3)
Here, when the slip 8 is controlled so as to hold:
Pl + P2 =0 | o deees (4)
ali the mechanical energy is consumed within the
induction motor 6. oL
Substituting Eqs. (1) and (3) into Eq. (4). - )
r _
8 = - 2 > e (5)
r1+goz

where 2 = Z(s) is put. By evaluating s which satisfies
Eq. (5) without regard to the input Qoltaqe v, the slip
8 which gives rise to a braking force without the
exchange of electric power is obtained. Fufther. when
the speed signal 1l1a is given, the fréquehcy command
signal for the inverter 5 is.deterhined. It is

accordingly understood that only the speed signal 1lla



7 may be given to the power control device 20. Synbol [err] in Fig. 3 ~
denotes an excitation susceptance. As thus far described, in the power
operation node af the induction notor, the prior-art control apparatus

the el evator, as shown in Fig. 2 controls the torque with the slip frequency
conmand S|gnal corresponding to the deviation between the speed conmand
S|gﬁhf and the speed signal, while in the reggneratlve br aki ng node, it
controls the frequency comand signal to be applled to the inverter, with

h d | d h
e e oL e b SRR A Oh o REB Sl E AT R T2 )
the prior-art conirly BT 3! Hanblhs! B sksxe%ei?ﬁ uEuSSealde, POVe!
e e

control device 200sets t s conformn I oned equation

(5) on the basis of tage tl?zﬁ.l%d‘fﬁtr' uesuehuea oint b&epﬁwafyoﬁ@ﬁaﬁ&n%é@rr]
and secondary resistance [err] of the i nduction notor. This has led to the

probl em that the ofaltms ioldulctédn meto2! aBReSpEBoL-& Ot aghSerol tapparatus ti al
predi ctive values on account of the tenperature rise of the induction

notor, so the redorertdie \edeyator eanrbpwbeiheFiigzeZ ocentadls t¥mestoSRuamary
of the I nvention This invention has been nmade in order to solve such a
probl em and has %igh ithe 83i®c£reguspsyi gempapd gighal corresponding to

;he deviation between the speed command signal and the
speed signal, while in the regénerative braking mode, it
\,j controls the freéuency command signal to be applied to
the inverter, with the speed signal and makes the
regenerative power of the induction motor zero, thereby
to protect the smoothing capacitor 4 and the inverter 5.
In the prior-art control apparatus for the elevator,
however, the power control device 20 sets the élip 8
conforming to the aforementioned equation (5) on the
basis of the predictive values of the primary resistance
r

and secondary resistance r, of the induction

1l 2
L _ motor. This has led to the prdblem-that the values of
thesé resistances fail tb agree with the initial
predictive values on account of the temperature rise of
thg induction motor, so the regenerative power cannot Be
held zero at all times.

Summary of the Invention

This invention has been made in order to solve such

a problem, and has for its object to provide a control

apparatus for an elevator by which regenerative power to



a-at us for an el evator by which regenerative power to 8 a power

‘e side can be reliably controlled to zero even when the tenperaturge of
nduction nmotor has risen. The invention resides in'a control apparatus -
or an elevator wherein an inverter is connected to a D.C: power source to
change D.C. power into A .C. power, and an induction notor is driven by (ﬁ@
A.C. power so as to operate a cage: which control apparatus conprises a ™~
first inverter control command gernerdion portion which controls the

torque of said induction notor in dependence on a slip frequency comand

si gnal thatPRWer capirce 3ide eaNvike i Inhlkeaontrolded ¢OmFRSE® signal and a
detected speed signal of said induction notor, regenerative power detection
nmeans to YERRCYDGRERR CRPHALIIL QAL 3R PRI BHANC MOLOLr dd€nerat ed from
said induction notor to the D.C. power source side is zero, a second

i nverter tbRt*ol commmand generation portion which delivers, to the inverter

a frequency coplrohy STRIG SRS d & TSI Spbaitdl B8 ah Pover t hat

i's regener at o sard D.C power source siae, asli's of an out put

signal of ¢ @i sl 6 £HPNEE &L Vien PONRE r €l 6 | hrlRAE A af g cdet ect ed speed
signal, and a sw tching device which operates said -

power source to change D.C. power into A.C. power, and

f

an induction motor is driven by the A.C. power so as to
operate a cage; which control apparatus comprises a
first inverter control command gerneration portion which
controls the torque of said induction motor in
dependence on a slip freQuency éommand signal that
corresponds to.a deviation between a speed command _
signal and a detected speed signal of said induction
motor, regenerative power detection means to detect
whether or not electric power which is regenerated from
gsaid induction motor to the D.C. power source side is
2ero, a second inverter control command generation
portion wnich delivers, to the inverter a frequency /
control command such as to render zero the electric

power that is regenerated to said D.C. poWgr source

side, on the basis of an output signal of said

regenerative power detection means and the detected

speed signal, and a switchiﬁg device which operates said

first inverter-control command generation portion when

the slip frequency command signal is such as to indicate



first inverter control command generation portion when the slip freque
command stgnal is such as to indicate 9 power denmand of the notor
whi ch” switches the operation to said second inverter control command
generation portion when the slip frequency command signal is such as t
I ndi cate power regeneration by the notor. In this invention, whether or not
t he™egenerative power to the D.C. power sourece side is zero is detected by
the regenerative power detection nmeans, and a frequency conmand signal is
changed so that pbiér ' ORI A6¢ ViEnd WY o D AR i Bwilichek Paacription of
the Drawngs Fig. 1 is a block diagram show ng the arrangenent of an

enbodi nent of theperectol toveaid ecdnd). irdrzexr Rlomaltodi 2gmmanghow ng t he
arrangenent of a prior-art control apparatus for an elevator; Fig. 3 is an
equi val ent cir cugenefagiom péction whan ithe mdtier firequengsyaicommgndhe
operation of the prior-art apparatus: and Fig. 4 is a bl ock di agram show ng
the arrangement ®i9BapholhRrseehtdn|tAUSALEATE (RAWLE fegenesatipncpy, tBE
Enbodi mrent of the Invention Fig. 1 is a block diagram show ng one

enbodi nent of L. _ '

In this invention, whether or not the regenerative
power to the D.C. power source side is zero is detected
by the regenerative power detection means, and a
\~; - frequency command signal is changed so that this
regenerative power becomes zero.
Brief Description of the Drawings
| Fiq._i is a block diagram showing the arrangement of
an embodiment of the present inventiqn:

Fig. 2 is a block diagram showing the arrangement of
a prior-art control apparatus for an elevator;

Fig. 3 is.an equivalent circuit diagram of an
induction motor for explaining the operation of the
prior-aﬁt apparatus;: and
N\ Fig. 4 is a block diagram showing the arrangement of

a power control device in this invention.
Preferred Embodiment of the Invention

Fig. 1 is a block diag:am showing one embodiment of
this invention, in which numetalé 1 - 19 and 21 indicate
the same portions as in the prior-art apparatus
desqribed above. Numeral 22 indicates a voltage

detector which is provided as tebenerative power



+§ i nvention, in which nunerals 1 - 19 and 21 indicate the sanme portions
£<0in t he prior-art apparatus described above. Nunmeral 22 indicates a , .
ol age detector which is provided as regenerative power 10 detection
means to detect regenerative power that is fed fromthe induction_ notor 6
back to the D.C. power source side, and which detects the term nal voltage
of the snoothing capacitor 4. A power_control device 23 is connected to™
the contact b of the switch contact |ab% and when the speed signal 1la is

applied thereto, it generates a frequency conmand signal such that the
r egener at BPEeSEHOR MBaRE tRyERIPSECHeFIRBRAFRRAVE NRBREEF oHR3btHs %40 the D.C

ide b ' t he basi f t f.t | t det ect’ 22. .
Now, the GBeRathgn LBAuERIORaARERFnEnPaGRI FOERRcReFr LREMEE TRITES |y on
30'nts d'Eﬁ%@?”%ﬂﬁrQﬁkkﬂedEEEQEéaEBeaPQEﬁﬁth-v %Eé#e éP.EQ@ power contr ol

evice 237 thé slip s whi ch.rncurs no exchange of efectrtic power between

the inductinddthihe’ cBpaBetbleql. N\VRI h6WeP £SnELb1I devDik epPOglence with the
primary resistance [err] and secondary resistance [err] of the induction

nmotor 6 i eonhected mar yhepevataon. bVeenthappwiech wodhtdde sgweed signal 1la,
the power control device 23 applies the
and when the speed.signal lla is applied thereto, it
generafes a frequency command signal such that the
regenerative power to be regenerated from the induction
motor 6 to the D.C. side becomes zero, on the basis of
the output of the voltage detector 22. . |
Now, the operation of this embodiment will be
described principéily on points different from the
prior-art apparatus. |
First, in the power control devide 23, the slip g
which incurs no exchange of electric power between the
induction motor 6 and the inverter 5 is set in

.correspondence with the primary resistance r, and

1

of the induction motor 6 in
2 o/
the ordinary operation. When supplied with the speed

secondary resistance r

signal lia. the power control device 23 applies the
frequency command signal to the inverter control device
21 as explained in the prior-art apparatus.

In this case, when the motor 6 has been operated
continuously for a long period of time, the primary
resistance r' and the secondary resistance r.

1 2
due to the rise of the temperature of the motor, and

change



frequency command signal to the inverter control device 21 as expl ai ng
the prior-art apparatus. In this case, when the notor 6 has been oper t
gontinuously for a long period of tinme, the prinmary resistance [err] d
t he secondary resistance [err] change due to the rise of the tenperature of
t he:notor, and 11 especially the secondary resistance [err] changes
greéfﬂy For this reason, the slip [err] with i ch the regenerative power
beconmes zero decreases ‘as conpared with the initially set val ue (approaches

zero), and the ! S98081311YC RAVELAUREREDOL LDEEOIRCEST O clllddbd e Tesult

that the term nal” " volta SO capacitor -z to cope
with this, the slgrRa%1ys S%:bﬁg%ebéﬂgoﬁo Eﬁeté)l{'ﬁk@ wién rﬁgfé}?rﬁ{é ve

power suff|C|entIy l'ow'in consideration of the fl uctuati ng conponents of
the primary resi ¢ b?@%@rh‘tfiﬁrh pottektNBegEMoBUBE YO @6 Fé L d£Lddmpar T QY i S
inevitably supplied to the notor 6 in spite of the regenerative state of
this motor 6. Acexdrtdi regley indniadlgrset valluar (appepachéy 2epa)l ami the
conplying with the increase of notor current is required. In this

enbodi nent, ther slegenerand vecpawrsl doest AgEt beceme o001t W Climciestly s

det ect ed. by t he volta%F det ector 22, .and when it has risen due to the
he terminal voltage of the smoothing capacitor 4

rises.
If, to cope with this, the slip g is set beforehand
k_, _ s0 as to make the regeneraﬁive power sufficiently low in
consideration of the fluctuating components of the

primary resistance r., and the secondary resistance

1

o energy is inevitably supplied to the motor 6 in

2°
spite of the regenerative state of this motor 6.
Accordingly. an_invertér of large capacity capable of
complying with the increase of motor current is required.
In this embodiment, therefore, the terminal voltage
" of the smoothing capacitor 4 is detected by the voltage
\ detector 22, and when it has risen due to the
regehe:afive power to the D.C. power source side, the
power control device 23 diminishes the slip g, whéreby
the regenerative power is suppressed to zero. .
Next, the arrangement of the;power coﬁtrol device 23
will be described wifh reference td'Fig. 4. 1In the
figure, symbol 23a dehotes_a reference voltage.generato:

which generates a signal 23b indicative of the terminal

voltage of the smoothing capacitor 4 during the stop of



ggnerative power to the D.C. power source side, the power control device
di m ni shes the slip s, whereby the regenerative power is suppressed to
zero. Next, the arrangenent .of the power control device 23 will be

described with reference to Fig. 4. In the figure, synbol -23a denotes a _
ref erence vol tage generator which generates a signal 23b indicative of fhe

term nal voltage of the snoothing capacjtor 4 during the stop of 12 tTe
i nverter 5. A conparator 23c conparesléhe out put signal 22a of the voltage
detector 22 with the reference voltage signal 23b. It generates a plus

si gnal whehe t RVeR%eRtS i FhAOMBAF Lo 235 SOmPASSS ithe @MERULhe
ti f th t 6, i i f k to the D.C
ot co ol HIREH AR AL A LhAke A4FaRtOm g thheher FOIEGREF 200 | s
mal | er. | D, C 3d gal C fici.ent ,f ating a
:ynchr ono‘ﬁ%f*‘ér‘geclu%{r\%@%?r?ﬁ%nd lftgrgcﬁe?a%sgra %Eiglfslt %Irﬁg'c%rlr g’ételg\r/\gh?hel s?i p s

of the no, ' daf W tdrddtersS Thadl ilshe wiidhPheof the conparator
23c. A|ﬂﬁ§#$ﬁ?er 3e nulﬂﬁﬂiig t he speed signal 1lla gy t he above

coef fici epdgene HEIWE Pser Ner I AHE Mt 030 BRI bedgt f@aMBACk. tohe slip
corrector 23d will now be described in detail.
the D.C. power source side, whereas it generates a minus
signal.when the signal 22a is smaller. A slip corrector
23d calculates a coefficient for evaluating a ‘
synchronous frequency command for the motor 6 after
correcting the slip s of the motor in accordance ﬁith
the sign of the output of thé compazatbf 23c. A
multiplier 23e multiplies the speed signal 1la by the
above coefficient and generates the frequency command
for the motor.
The slip corrector 23d will now be described in
detail. '
When the slip frequency command signal 14a is minus,

the slip g of the motor 6 is given as indicated by

| Eq. (5) mentioned before:

In addition, the rotational frequency £. and
synchronous frequency fo of the motor have the

following relation:



When the slip frequency command signal 1l4a is minus, the slip s of the
notor 6 is given as indicated by Eq. (5) nentioned before: [err] In
addition, the rotational frequency [err] and synchronous frequency [er
the not or have the follow ng rel ation: 13 [err] where P: nunber of pairs
Evl = P/(1 - 2) The slip corrector 23d produces as an initial value
the alue of k which is evaluated . fromthe slip s calculated according to
Eq. (5') with the predicted values of the primary resistance [err] and the
secondary resistance [err] (this slip is expressed as s ): [err] Now. -if
regenerati ve power is {ed bacK to the D, g si de d e to the t enpergture rise
of the nmotor or the setaihg er« ers of ‘t Ré r93|sFance (at thr§'ffne t he
out put of the conparator 23c beconmes plus), the slip of the notor given by
Eq. (5') needs to be corrected to change the coefficient k- of Eq. (6). 1In
t he above case, the slip s nmust be made snaller than the initially set
value s ([err] nﬁ@@rsepénpapaeﬂ)°fahﬂlfﬁe°€0%9¥?%1ent k must

= P/(1 - 2)

The slip corrector 234 produces as an initial value the
value of k which is evaluated from the slip g calculated
according to Eq. (5') with the predicted values of the

\_/ ' primary resistance r, and the secondary resistance

1

r., (this slip is expressed as s*):

2

Now,- if regenerative power is fed back to the D.C. side
due te'the temperature rise of the_motor or the setting
errors of the resistance (at this time, the output of
the comparator 23c¢ becomes plus), the slip of the motor
given by Eq. (5') needs to be corrected to change the
AN coefficient k of Eq. (6). 1In the above case, the slip s
| must be maae smaller than the initially set value s*
("Is*lmnst be enlarged), and the cpefficient k must
be made smaller.
More specifically, when the output of the comparator

23c is plus, the slip corrector 234 performs the

operation of decreasing the coefficient k of Eq. (6)



de smaller. More specifically, when the output of the conparator 23c
plus, the slip corrector 23d perforns the operation of decreasing the
coefficient k of Eq. (6) 14 until the output of the conparator 23c *
becomes minus (that is, until the feedback of the regenerative power to _the
D.C. side stops). Wen the output of the conparator 23c is mnus, the s&gp
corrector 23d operates to increase the,oefficient k gradually. However,
t he operation of the gradual increase’ s stopped when the initial value is
exceeded, and a .val ue reater t han the init s_pot output at any

time. Théltok fiRe At £ fiR& é’(?mr?)?rt’ﬁ@rslz%ﬁ §8FP@EFOP1§§H is input to
t he nul t.|@ a? ]tZ% M C'HHJ'EJJA'H (—;-% tol%l (éogf f 'eﬁegm:iegdgan rspeed si gnal
Vi de na

11a to pr requency comman OVE operatrons of the

slip corrggtiie P M d tsog%%%' bl %te% remvuﬂepae QBPghat Us in which even

when the resistance val ues he nmotor 6 have changed, the voltage of the

snmoot hi ngremad o 2Bd Sharitiue,r aneedlipheopeeetozorBAObpdedteg 23 i s not
restricted to the arrangenent descri bed above, but by way of exanple it may

wel | be s cinireassd tHeatcadfs icdlent! & guadaslllys oHowewesli phe are
'respectlvely stored beforehand for the
operation of the gradual increase is stopped when the
initial value is exceeded, and a value greater than the
initial wvalue is not output at any time. |

The coéfficient k calculated by the slip éor:ector
234 is input to the multipliei'zae. which multiplies
this coefficient and the speed signal lla to provide the
frequency command signal. '

The above operations of the slip corrector 25& make
it possible to provide an apparatus in which even when
thé resistance values of the métdr 6 have changed, the
voltage of the smoothing capacitor 4 is hardly raised.

The power control device 23 is not restricted to the
arrangement described above, but by way of exaﬁplé it
may well b§ 8o contrived that the calculated results of
the slip 8 are respectively stbred beforehand for the
predictive values of the primary resistance'r1 and the

gsecondary resistance r and that an appropriate

2
frequency command signal is delivered in accordance with
the output of the voltage detector 22.

While, in this embodiment, the voltage detector 22

for detecting the terminal voltage of the smoothing



&

predictive values of the primary resistance [err] and the secondary N
resi st.ance r2 and that an appropriate frequency comrand signal is deli '
in accordance wi-th the output of the voltage detector 22. Wile, in this
enbodi nent, the voltage detector 22 for detecting the term nal voltage of

t he spoot hi ng 15 capacitor 4 has been provided in order to detect the
regeneration of electric power to the D.C. poMr source side, it may well

be replaced with a current detector which detects current flow ng through

t he snoot hi ng capmpacitomrd s deienalprevidgdnénadbrier povedet@eéecth®n neans
to detect electric power regenerated to the D.C. power side. As wll be
under st ood from tARIGARFAL ivas Of; gilieetrigc powaEngot dhehP. @r epewer i smende on,

regenerati ve power, detection neans to detect _el ectric power regenerated to
a D.C. power sidéid®pridyimadqwediqbs CePlaredWith dcPRrReRt d@teetaester

control connandiéhi [ Q&) erative br k%ggwnndeﬁgontrols t he regenperative
' I

" power on the basi'g ot the spde§UErER AR9i hBEERFBATI® BPOAFRI RS out put

SIS Chat "l e RANSRELISLS FEORTacdPl 0 HAEE JELOELR
the regenerative fRMHY tiO delt@cROWEectRYECBodb Cre§ondfated to the D.cC.
power side. |
" As will be uhderstood from the above desctipﬁion.
\‘J _ according to the_present invention, regenerative power
| detectioq means to detéct elecﬁric power regenerated to
a D.C. poweb side is provided, and a circuit which
generates an inverter cohtrol.command in a regeherative
braking mode controls ﬁhe regenerative power on the
basis of the speed signal of an induction motor and.the
output signal of the regenerative power detection
‘means. This brings forth the effect that, even when the
temperature of the induction motor has risen, the

regenerative power to the power source side can be

\uf reliably controlled to zero.



bly controlled to zero. 16 1. A control apparatus for an el evator
_Mwﬁﬁin an inverter is connected to a D.C. power source to change D.C.
power into A.C. power, and an induction notor is driven by the A C power
so as to operate a cage; which control apparatus conprises a first inverter
control command gerneration portion which controls the torque of said ..
I nduction notor in dependence on a slip frequency command signal that ~
corresponds to a deviation between a skfeed command signal and a detected
speed signal of said-induction notor, regenerative power detection neans to
detect wHet®eMBt not electric power which is regenerated fromsaid

I nduction notor to the D.C. power source side is zero, a second inverter
control command generation portion which delivers, to the inverter a ] _
frequency, confrol nd such as, to re%x; zero the electric power that is
reggnerat]eti P% ‘g%?‘gp%%%%‘%“% L ARifE VAR L FReFLdDs 3% an ouéput |
signal of; sad € | ti d .t h tected spee
signal, a’h afltsé/\n"etc i%?%ﬁ%ﬁi%?'?ﬁe%@??&%& |rts°t %lh(r%\?/lgr%ter control

command geNer ahdwélr PRt . MNPbudle, Hrd o AHINSE o0 WERRE §gnal i s such

as to indicate power demand of the notor and which switches the operation

to said séciwen ibwetherA dntpower @oTaEl to operate a cage; which
control apparatus comprisgs a first invé:te: control
command gerneration portion which controls the torque of
said induction motor in depehdence on a slip frequency
command signal that corresponds to a deviation between a
speed comﬁand signal and a detected speed signal of said
induction motor, regenerative power'detéction means to
detect whether or not electric power which is
regenerated from said induction motor to the D.C. power
"source side is zero, a second inverter control command
generation portion whicp delivers, to the inverter a
fréquency control command such as to render zero the
electric ppwer'that'is hegenerated to said D.C. power
gsource side, on the basis of an output signal of said
re;enerative power detection ﬁeans and the detected
speed signal, and a switching device which operates saiad
first inverter control command generation portion when
the slip frequency éommand signal is such as to indicate
péwer demand of the motor and which switches the
operation to said second inverter control command
generation portion when the slip frequency command
signal is such as to indicate power regeneration by the

motor.

= € L M s *x .
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generation portion when the slip frequency command signal is such as to &/ . -
I ndi cate power regeneration by the notor. 17 2. A control apparatus
an el évator as defined in daim1, wherein said second inverter control
command generation portion stores slip valves corresponding to predictive
changes of & primary resistance and a secondary resistance of said

i ndiefi.on nmotor, and it delivers a proper freruency control conmmand signal
according to the output of said regenerative power detection neans. 3. A"

control apparatug.fon adBnekeYahppapsciel fo£dan NeldvitBrl £ dof iMed gimn sai d
regenerative power detection neans is a voltage detector which detects an

out put vol tage ottladmdlD. Ghepeinrsabarsecornd inventdr oiormyyudr atommandr an
el evator as defined in Gaim1, 2 or 3 wherein a capacitor for snoothing
t he out put of saigénBretipoweertboncetesesi $hipcid ees\ e RRARPMB DI Foner

source and said inverter. and said regenerative ggmpr detecti on neans
detects the volt R§edactiypdcbapaest of atPEFBRITY ket RCARhA or not the

regenerative power is_.zero. 5. control apparatus_for an el evator, as

Gef ned i n' & i mepcopdagyoresiarafts oL s ALE NS G R0 AR L ¢
delivers a proper frequency control command signal
according to the output of said regenerative power

detection means.

3. A control appa:étus for an elevator as defined in
~Claim 1 or 2, wherein said regenerative power detection
means is a voltage detector which detects an output

voltage of said D.C. power source.

4. A controi appératus for an élevator as defined 1n
Claim 1, 2 or 3 wherein a capacitor for smoothiqg the
output of said D.C. power source is disposed between
said D.C. power source and said inverter, and said

N regenerative power detection means detects the voltage
at said capacitor, thereby to detect whether or not the.

regenerative power is zero.

5. A control apparatus for an elevator as defined in
Claim 1, 2, 3 or 4 wherein said second inverter control
commaﬁd generation portion reduCeé the slip frequency
command as the regenerative power detected by said

regenerative power detection means rises.

e
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generative power detected by said regenerative power detection neans
ses. 6. A control apparatus for an elevator, substantially as herein
described with reference to Figures 1 and 4 of ‘the acconpanying draw ngs.

ééggnnand generation portion reduces the slip frequency command as the

-~

18

6. A control apparatus for an elevator, substantially
as herein described with reference to Figqures 1 and 4 of

the accompanying drawings.
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