2106342..AC ELEVATOR CONTROL SYSTEM BACKGROUND OF THE I NVENTI ON iiﬁ

invention relates to inmprovenents in an AC el evator control syst e D4
controlllng an- el evator car driven by .an AC notor. There have been already
knowr AC el evat o control 5 ,systens for controlling the speed of the

i ngrction nmonitor used as an electric notor for driving an elevator c y
shppl ying to the induction notor an AC power \ith a vari abl e vol t age

vanri abl e frequency inverted froACaELEVNEOR CANARVLy SE§FEMant DC vol tage by a
pul se wi dth nodul ation type 10 inverter. |In those AC el evator control
systens, nechani cal energy is transforned to electrical energy during the

descent of the el evator car ghx 6¥¥DI&§$ﬂ§? 3 $gent t her eof under

| ight | oading or the deceleratl Cher eof e ectrlcal energy is then

returned back to the DC spyhes hivehBiSHOBeldred nuerinproveibatsainCans AL ce
involved is formed of a battery, the latter is excessively charged to

evol ve a harnf uelgester casaxl sistsmhiorresatrakling andeiewateri ga¥ifetim |
of. the battery. Alternatively, when the DC source is formed of a rectifier
and a capacit or dsbvercPRRP®AC MeEO¥acr oss, the capacitor has increased in

ot th I that _th
overter may be di el ot TS, B ﬁeaevﬂ Sady e oS Wb REBE obtier |
appl i ed acr 0gs gg UE§.¢h '{%‘%59, g uctsgé@ca(f R GQlueresRlBoRitor

-predet erm ne not or has been saturated in
;nagnetlc f1ux fhgéanss an electric motor for driving an elevator car, by

supplying to the induction motor an AC power with a variable
voltage and a variable frequency inverted from a DC power
with a constant DC veltage by a pulse width nodulation type
10 .inverter; In those AC elevator control systems: mechanical
energy is transformed to electrical energy during the
- descent of the elevator car under heavy loading, the ascent
thereof under light‘ioading or the deceleration thereof.
That electrical energy is then returned back to the Dc side
15 through the inverter, When a DC source involved_is formed
ot a battery, the latter is-excessively_charged‘to evolve a
harmful gas.or gases. This has resulted_in a decrease in
iifetime of the battery. Alternatively, when the DC source
s formed of a rectifier and a capacitor connected'

L 20 . thereacross, the capacitor has'increased in voltage
'thereacross resulting in a fear that the component forming
the inverter may be dielectrically broken down. Further if'
a ratio of a voltage applied across the induction motor to a

frequency thereof exceeds a predetermined magnitude then the

25 _induction motor has been saturated in magnetic flux flowing



therethrough resulting.in an excessive current flow ng through the
i nduction motor. Thus the AC el evator control systems as described-above
have necessarily included the equi pment for treating 5 the regenefative

v returned back.to t.he DC side. For exanple, with the DC source forned

poier,
of g 3 tlfler and a capaci tor connected, tzhereacross a separ ate inverter .~
‘has ‘con %% across the rectifier and controll ed a return-of - pomera?
‘cont devi ¢ RERREY ZRS thé“EEPs?fﬁ??ﬁivqu“FﬁEnFl?%RWﬁﬂﬂn oned

inverter.. Wighon Whﬂ@'i&ﬂﬁ:ﬁ@noﬁétbl?e capaci tor exceed a predeternined
gnltude upon the occurrence of the regenéerative power as described above,

the return-of - pover cobitulthieaccelbastieafonolakedtins ad Wiribed
separate inverter with the result that the DC voltage-is 15 returned back
to the AC si doF® hagerreesssasilyHéneleded tthe eguipmentiforrtneating t he

“return-of -power device have been too, e for an induction_notor
“having an %ef {18 5ﬁ3§n3¥%ver E o] ﬁﬁF‘é’FfP"Ef:{;Z?Q?folt°qEPFeD%f‘f’tﬂe'a Fe8bl em =
because of 'E&aﬁ? hat | ¥ely <HPlpe ggur&@ cﬁALSQegﬁigﬁ Jadegvphase AC
:source invol ved orned of an ener gency ree- e generator erse . -

i nfl uences nicabacdtonrsondewtedx thpt €actds ,gmeegheatéasnvémaamd in
“three-phase vol tage thereacross. Accordingly, it-is an objectof the present

25 inventioRees EPB%?QR#Qiiﬂﬁﬂsénﬁhﬁnﬂ#QﬁkﬁieNCaeﬁevantwOliﬁd|bm asystem
.-capabl e of cQn t he ntei gr pf an induction notor. involyed, a - =

‘regenerative omﬁ?n‘ggv%%/%ep'e(f"l“ﬁﬁf’ TS RPPRE A8 sRETPSH e, D§s§b€f-‘at ed

flhevat OF QA" otNERE PLAKMIAIGIRE, 1hPErASC LN HeRCRoPE OfiEIgd 'a@Bbsk0adi NG OF
e : _ _
the capacitor exceed a predetermxned magnxtude upon the

occurrence of the regenerative power as described above, the
return—of-power control device has been operated'te-actuate
the separate inverter with the _result that the Dc voltage is
15 returned back to the AC side of the rectlfier.
However, the separate inverter and the
-'return-of-power device have ‘been too expenszve for an
induction motor havzng an efficlency of operation whxch does
not gquite offer a problem because of its relatlvely small
20 capacity. Also with a three-phase AC source involved formed
of an emergency three-~phase generator, a&veﬁseninfluences

might occurs. For example, the generator has increased in

e

-

three—phase voltage thereacross.

. ~ Accordingly, it  is: an object.of the present-

25 invention to prpvide.aenew and improved AC elevator control
system eapable_of consuming, by'the interior of an induction
motor_involved,'a regenerative poﬁer developed thereon
during the descent of an_assoeiated-eiebaﬁor car under heavy

loading, the ascent thereof under light loading or the



3 deceIeratron t-her eof resultrng in the elrnrnatron of the necessrty of
usi ng an equrprrent for treating the regenerative power. The present ‘

3grce,

, ™

i nvention .provides an AC el evator 5 control system conprising a DC

an inverter connected to said DC'source to invert .a DC power from sg C
rce t.0.an AC power having a variable voltage and a variable frequéncy

un r the control of both a command voltage signal and a command frequency

srgnal 10 an AC notor driven with said inderted AC power, an el evator car

operated with said AC notor, and a circuit for changing said command .
~frequency si gnedeceruém:roegamea:tero\fe esallitingnide tak epémahacdonf ogatHe AC

notor to decre rt e PAY 5 magni t ude
smal l er than th °{ﬁgﬁﬁﬁﬁ§?wﬁ%ﬂﬁ %io%ggﬁggéﬁﬁ F8§ gg%§E3b§ gP%krng node of
oper ati on and sirgeneratiserpomeri.ally the whole of the regenerative braking

energy is absorbed within the notor.. In a preferred enbodi nent - of the

present invention. 20 the AC eIevator control, stenrgaﬁ ngrrse
addition to the DC REeSent. Lnyention Pﬁﬁglﬂe nBRoPCaRdeVA °€Ievator car
. as described i reditrqlr eayateng compardsdmy, aaDgpsedrsensan dnweeceed to the AC

mot or to ge”eraéoenr?&taecé%g:l DS P! ng‘i%ﬂe% Q”DéCbU@brSEEG of, the

25 el evator car connmand speed gener at or enerating a_conmmand speed
signal, an adde&aih@G eEcPumOr% %@mmespé‘éﬂlgggﬂal"aahébiﬁe"aé!ﬁﬁﬁ? speed

signal - to produgxfa & @Jﬁl@lﬂ.@?r@q@x@@dcﬁ RayekeitweeBondr62MBBNEothr gquency
generator for gceneratd %lata%%mﬁr&%al %ﬁe C\t/:ommand frequency signal
10 an AC motor driven with said. inverted AC power, an
elevator car operated with said AC motor, and a circuit

- for changing said command frequency signal in the

regenrative braking mode of operation of said AC motor
to decrease a frequency imparted to said AC motor to a
15 magnitude smaller than that upon the initiation of said.
" regenerative braking mode of operatibn and such that
substantlally the whole of the regenerative braklng
-energy is absorbed within the motor.

In a preferred embodiment of the present invention.
20 the AC elevator control system may comprise, in addition
to the DC source, the inverter, the AC motor and the
elevator car as described in the preceding paragraph, a
speed sensor connected to the AC motor to generate an
actual speed signal indicating an actual speed of the
25 elevator car, a command speed generator for generating
a command speed signal, an adder applied with the
command speed signal and the actual speed signal to
produce a difference signal therebetween, a command.
frequency generator for generating'a command frequency
30 signal dependent upon the command speed signal, a
command vol;age generator for Qenerating a command



‘30;s¥gna%-depeﬂdent~upon t he cemmrand speed signal, a command voltage
generafor for generating a command -4- vol tage signal substantially

pr oport .Qna

to the command frequency signal,. an inverter .control” means

réspon-‘y& t'o both the command frequency signal and the conmand vol t age

si gnal

is driven, a

.speed generafor to pr a predeterm ned out

d\&7control a frequency and a pul se4wdth with which 5 the AC notor:

-generator and the ‘comdn

si gnal in acceretprumeywisifnabp swnimettepcedntiehateans ¥@8p0Hs e ks egul at or
connect ed between the adder and the command 10 voltage generator to
produce an oukqith tliegesomuand rfxemiencyt §ignal dqand cthey emppgdavoltage

_the-adder. and, i £ chi - ted to the add bé ive to
the pol arty B984In 66 FPBRERDC S AREAENoPRR, BrRLI LA BERRCERIThe 0
that the Ot Pitle S MRede! (0Mat f\ed | Stei288 &gﬁ%”%}ﬁﬁ!ﬂ&5céﬁﬂg adprs are

stpplied to the coman frequency generat or

e conmmand voltage

regul at or reshetwdarcithe tbamand afgritRncybgengrator tutid the tbamas@enerative

“braki ng node
~ el evator car

of oEeration of the AC notor in which the descent of the

- APRQTRLPE ke rRFoduce Asprrdetexmingd ewgentoeignghiin dading

d the d | eratipon thereof selectively effected, th _ d
Frequency si JIETOTIAIERANGER TRe RRRAC. sRrd Riantly S:parPed Foithe AC |

notor to a

Mol 1S %hh%té&‘%é&%- YRE"add&r | dHd it%gl %Em%ﬁé he braking

node of operation of the

ot or . | PTION OF

- THE DRAW NS voltage generator to produce an output signal in response to

the differencezsigﬁal from the'adder,'énd é-switching means
connected to.the adder to be responsive to the pelarity of

the difference signal therefrom to switch connections so

that the output signals from the first and second gain

15

20

25

regulators ére-supplied to the comménd frequency generator
and the command boltage'regulatof respectively, the
arrangement béing so thét,'in,the regenerative braking mode
of operation of the-AC motor in which the descent 6f the
elevator.car under heavj loading, the ascént thereof under
light loading and the deceleration thereof are selectively
effected, the command frequency signal is changed-to. |

decrease a frequency imparted to the AC motor to a magnitude

smaller than that;uppn'the.;nitiation of the braking mode of

Ogerationiqﬁﬁthe*AG;motcrg__

BRIEF DESCRIPTION OF THE DRAWINGS
_ The present invention will become more readily
apparent from the following detailed description taken in

conjunction with the accompanying drawings in which:

R
ran




The present.invention.w.ll_becone_nore readily apparent from.the follow ng

detail ed descri,ption taken in ¢onjunction with the acconpanying draw pgs, i n
which:.. - 5 - Figure 1 is a conbined circuit and bl ock diagram of/gf/ )
conventional AC el evator control ‘system Figure 2 is: a diagram of af Yype
quﬁvaleht circuit to a three-phase inducLiqp_nDtor useful in 5 explalning

the principles of the present invention; Fidute.3 is.a blo | agr am of one
embadi ment according to tRESRES éV%FbF°EEﬁgF%Icé%ﬁﬁﬁﬁﬂPBP §§3g5ﬁg§¥ﬂ?m‘
i nvention; Figurge4 iynedt@phal lddY1'e?aitBY YONEE /yshnl0 signals _
devel oped at various points 1n the arrangenent shown™in Figure 3; and
Figure 5 is a diagram si nPigiré® AW Qidghai of |dis U aypagequivglidrtcat i on
of the present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15

Ref erri ng now t ciqpite te af thrrenhagendsduchion nofor) pgsfrhiinl a

conpri ses a rhotPHMALAIa9C ERA ot IAFLETSR P ERS SRR drPrkiShtce
labelled, RS and T 1o r9grhiy # {dee8180psE1 Rl a2 LhaMbSaEhER! i C 20

source into a predeterm ned constant direct curtfent, a snoothing capacitor

12 connect ed acrassordiagDEoCthe HC @levatorcebnticl sy@tandofinthe Widsent
general ly designated by the referernce nuneral 14 and connected across the
capaci tor 12. Thinventdomer 14 is of a pul se-w dth nodul ati on. ' :

~ Figure 4 is a graph illustrating waveforms éf
10 signals developed at various points_iﬁ the arrangement shown
. in Pigure 3; and _ '
Pigure S is é diagram similar to figure 3 but

illustrating a modification of the present invention.

DESCRIPTION OF THE éREEERkE’_b' EMBODIMTS_ ,

15. - | .Refer:ing'naw'ﬁé-Figure:l of the drawings, there
is illustrated a ébnventional:Ac elevator control systeﬁ.
Thefarranéement illustrated comprises a rectifier 10
connected to a three-phase electric source labelled, R, S

‘and T tb rectify a three-phase voltage from the electric

20 source into a predetermined constant direct current, a
smoothing capacitor 12 connected across the Dcloutput of the
rectifier 10 and an inverter generally designated by the
reference:numerai l4~and.connectéd'aCrosS'thé capacitor 12.

The inverter 14 is of a pulse-width modulaﬁion_
25 type well known in the art and includes three pairs of
serially cénnected NPN transistors Qi and Qs Q and
Q6 and Q3 and Qg connected in parallel circuit

relationship to one another and also across the capacitor



.25 -type well known in the art and incl udes three pairs of serlally
confiected NPN transistors [err]and [err] and Q and Q and-Q . connect ed in
parallel circuit relationship to one another and al so across the ‘capaci t or

12. e specifically the transistor [err] and.[err] incl ude respective _
col | r el ectrodes connected to one side of the capacitor 12 and /
resp ive enjtter electrodes connected to {he collector el ectrodes of the

.mating 5t rarkg'st Hoze speitirpliy; they QEBEEHW Y120 82aP88 [eni conduct or O

di odes [err] e tQr t

el ectrodes thlenr “{de sﬁéggleg‘g% éjol c%%?g LP %gfiéﬁ%cgggﬂra?gﬁ‘?%‘F c\g/\i{/sefrom t he
emtter to tF@iwlafeeherc&bséiﬁ&dqzoanaheespé¢m4 lealiticekoelectrsdesf the
10 transistors [err] and [err] includes an enmitter el ectrode connected to -

the- ot her si dwmfectied taptie teglletandedectrodemhifcitde arbdeg[err] or [err]
connected across the collector and emtter el ectrodes hereof in the sanme
manner as hetTARSISLPES P4r Qg 130 Qg] EpPPegtively and algp| the transistors
i ncl ude base electr gn nin ter_contral e as wll be
descri bed | at &R Qv | ve&'?éées(ljéﬁ" ﬁéeélvec? nel%tr?\?gr fagg&c%nstant di rect
vol tage acrosghd Rp19apeert 2hd ]énﬂﬁ%e&neQEEefﬂ&és Nthet@oEUrespbcbiveryy a
variable voltage and a variable frequency. Then a three-phase induction

notors 16 i s ashreecpededotbat 3 owatdent Glovwscfrom thher eglister ot ®ffe one of .

the pairs of serially connected transistors and the collector electrode of
the other thef¥dredtor eieRtppdaof fhe mating transistor. Each of the

10 transistors Q4, Q5 and Q6 includes an: emltter

I)(_L

electrode connected to the-other side—of the caﬁacitor.lz
~and a semiconductor diode D4, D5 or D6 connected
~across- the collector’ and emitter electrodes hereof in the
same manner as the diode D;r Dy or Dj. ;
15 ' all the transistors include base electrode
connected to an'inverter control device as will be described
later.
| The_inverter 14 is operative to invert a constant
direct voltage across the capacitor 12 to an alternating
20 current_having a variable voltage and a variable frequency.
| Thec a three-phase induction motors 16 is
connected to the junction of the.emiﬁter electrode of-one of
the pairs~ofzsé:iailyuconnebted?transistors{énd;the-7.
collectortelecérodeacfntheuother:thereofwforveechzphase:to
25‘be'dri§eh by the inverter 14. The three-phase inductor
motor 16 is mechanically connected to a sheave 18 of a hoist
to drive the latter. Subsequently a length of a traction

rope 20 is trained over the sheave 18 and connected at both

ends to an elevator car 22 and a balance weight 24.



nmechani cal Iy connected to a sheave 18 of a hoist to drive the latter.
Subsequently a l'ength of a traction rope 20 is trained over the sheave
and -conhected "at both ends te an elevator car _22 and a bal ance wei ght 241;‘;

-7 The *arrangenment conprj'ses further a conmand e enerator_ 26 for

gg;érating a command spe& S?Eﬁﬁﬂgeveﬁﬁnﬁ%ﬁ?ﬁkﬁ?ﬁ:%%’%gﬁgaﬁdc? FERged

-gexner ator 28 a ' tgaé;,% o) al n 28 and 30 .
are 5 oper ative%l%r%gggﬁg?ef’% com‘rar%g@?ég%u%%%%nsﬁ rgggglga[géﬁ%?ﬁﬁndent upon-
the command speasshrivicgedl td f£ngbumaddfReguenty afhetiagoal 28 cand £ Womimanti al |y
“proportional to the command frequency signal V respectively. The generators
p. 28 and 30 ar &d&Rgecgeqexad-a 30y cfher gerenatarsd@di eeds?ga/.lalre which is, in
turn, connected to ;che base el ectrodes of aé-l the transistors, as descri bed

above. The v REATEZAL FBIINRFATE 32°PTIRRL FHAGIAPRY S FR2Y olerand
frequency and Vﬁ%F;E i . r el y dinag@nerat ors
28 and 30 to con r%?ggéf‘?g%}n%% cg,%[éapg %éeévm lo??tﬁ%a%]él_nvg@ter 14
-thereby to contvoltage eigpal wolsudgtahBEAEly QRodortibaal €omwrate .
‘inverter 34 is connected across the rectifier 10 and al so on the DC side to
r et ur n- of - ponercammandofrequwency 3dgand ¥l svespaaidyelle sPhetdrneyatayscitor
12, 20 - 0F eration the inverter, 14 i.s controlled by t control,
davice 34 to sBbAPlABAR e FeARREteR Ec A dlajantey) gonkeol device 13 -

10 which is, in turn, connected to the base electrodes of all

25 be.driven by.the inverter 14. The t hr ee- phase i nductor notor 16 is @

the transistors as descriﬁed above. The inverter control
device 32 is responsive to the-éomhand.fréquency and voltage
- signals Ve and Vvlrespectivély from thé_generators 28
and 30 to control a frequency and a.pulsé width of the
15  inverter 14 thereby to control an output voltage therefrom.
' Purther, a separate inverter 34 is connected -
. across the rectifier 10 ana also on ﬁhe~Dc.side_to
return-of~-power control device 36 and also across tﬁe
. smoothing capacitor 1l2. _

20 In operation the inverter 14 is controlled by the
. control device 34 to supply an AC current at both a variable
| voltage and a variable frequency to the inductién motor 16
which, in turn, drives_tﬁe elevator car 28 through the

sheave 18 and the length of t:action.rope 20. This results
25 in the control of a traveling séeed of the elevator car 22.
| It is now assumed that the elevator car 22_is
descending while it ié carried with passengers corresponding
to its loadage which is equal to a maximum load capable of

being carried by the elevator car upon the actual use.



. to the prior mperptadtkoecactnates thiehddvebter I tp, reltarpr the shOpavereans -

vol tage and a variable frequency to the induction notor 16 which, in turn,
drives the el evator car” 28 through the sheave 18 and the length of traction
roge~20. This results 25 in the control of a traveling speed of 'the

r car 22. It ,is npw assuned that the el'evator car 22 i $ descending

it is carried with passengers corresponding to its |oadage which' is "j
equal to a nmaxi rum-l oad capabl e of being_q?nffed by the el evator car upon&"'
the actual ‘use. - Under the assunmed,condifions,. the inductiaqn notor 16

acts as an i n@féerokbgetRiunes "t"_&dﬁéﬁ'ﬁi’?"a'l"f’eé'l’é@l“lci’.‘&°ﬁo%?°’f%Iacﬁﬁst'ﬁf(')ugh
D6 resulting i _ e, 0f. cgaRaghi . e i ' _
. increase in vS@tgggugﬁgégé%%%%%&grvﬁgﬁﬁ%%@?ﬁé%}gggcgﬁﬁgség%ﬁ%qgaﬁgéﬁﬁor
reaches a predefer ¥haesc "Bk dfdehe! Bvertalf EOfthzowgh eR8tdidded mguit 36

" is .operated to actuate the inverter 34 to return the DC power back™ o the

AC side of théhreughfDgrrasiltimg in the chargmmfertheheapachor fu@ndon

notor 16 has a re%%tivel smal] capacity so, that the sane is '

) of, an
operation effieESEOERAi L HHANSTSASGULR VRFRAGS SBFEﬂ?sthééqﬁﬁuﬁqger 34
and the return-qf.- tJdy i 36 Q?é/l-f'e e | expensi ve.
Al so the AC sgfﬁ'ggggﬁéfgggl% c?rq%ﬁgg?gaﬁ ener%gn%f%téﬁregg#% %ﬁs{e gener at or
m ght cause -aqAanitulief | tifd RS faporEr | FedtaBIC ditcu@tt 3@eid her eacr oss
and ot hers. The present invention contenplates to elimnate the objections

for decreasing a frequencx_i marted to a three-phase traction notor
i nvol ved duri Rf@¥h&o the AC _

side of the rectifier 10.

10 ' However where the induction motor 16 has a
relatively sm?li capacity so that the same is of an
cperation efficiéncy which does not quite offer a problem,
the inverter 34 and the return-of-power control device 36
have been excessively expensive. Also the AC source R, s, T

15 formed of an emergency three-phase generator. might cause
adverse'influenées such as an increase in voltage
thereacross and others.

‘The present invention contemplates to eliminate
the'objectiods to the prior art practice as described above
20 by the provision of means for decreasing a frequency
imparted to a.three-phase traction motor involved during the
descent of an elevator car under"heavy,loading,'fheraécent _
thereof under lighﬁ loading or the deceleration of the 4
elevator car'ihereby'to_eliminate:the necessity of'usipq=anﬂ |

25 equipment for treaﬁing a regenerative electric power. .

First the principles of the present invention will
be described in conjunction with Figure 2 wherein there is
illustrated an L type equivalent circuit to an induction

motor. The arrangement illustrated comprises a parailel



descent of an elevator car under heavy |oading, the ascent thereof @r
l'i ght |oading, or the deceleration of the elevator car thereby to el ate
t he necessity of using an 25 equi pnent f.or treating a regeneratlve electriwc

power. First_t I’InCI s of t resent i nv tlon e described in”

colj_unct. on %’“p?] ‘%f vﬁfbreéf‘ﬁ" #eiroé‘ |5§1§q? Bce Ry M &% pe equi val ent

CII’CUIt ‘to ar e | ustrated .conprises a

paraM el - %ﬁta%c@fg%x%ﬁa[% [ﬁ?uél#i glpnﬁiio [ r] and an

exci tation cemh@a@éa:ea&ﬁgd &gl dg) el 1 t’IQ{nO d across a
; Q{L err] a pri %ly r

series conbination of a pr| mary resi stance actance [err],

a secondary resistanoe v&l,a S0 Tt AR 3] )C A dsecnddlsy | Nducti-on
notor and a resi'stance ( s)r2/s due to a sli*p s of the induction notor.

Not i ci ng 5n|§esiﬁta;td%aiﬂaqd)mamngy0Mcﬂaddbe X e@@ahad i ve braking
node of operation of the induction notor, mechanical® energy i's entirely
consured 10 ¥dugfdommatian and {eh Fesistancen (otos)and's duecftbeat isldp

el ectric powe s .not, supplied fromthe DC side provided that the slip s is

controlled b ?%aﬁhearil@"é%”tﬁqnc%ﬁé >Notdedage onldy the iefifectdveopowexor
o B2 01 BT g, BonbIShe ;;;%;z%gnz'oﬁi
:gg ?ngr ativEhe \Axendurtr'_(at)z}l) e%g%%ﬁgg«?%h%he'eﬁ%%&c 120G %&er&%ﬂ:at 8da?s 2.
10 by the interior of the induction motor-and the effective
electric power is not supplied from the DC side. provided
that the slip s is controlled so that an electric power -.Pl
consumed by the interior of motor may be expressed by

2

Pl = vig, + rl(v/z)2 + rz(v/z)2 (1)

15 where V designates a voltage across the induction _motof as

shown in Figure 2 and

2

2 =-'{(x1 + Xz)_ + (rl + 1:2/8)2 . %2)

holds and that an electric power P_ generated as a'

_ g
regenerative power may be expressed by

2,1-s, | e
20 By = (V/2) '(—s§-)r2 | | (3

wh | - R
ere Pl + Pg o (4)

holds. By subst:.tut:.ng the express:.ons (1) and (3) into

the expression (4) and rearrang:.ng 1t,
§ = - —=—7p | | (3)
F1 * o’ : - '
.25 results where Z = Z(s) holds.

From the expression (5) it is seen that the slip s

holding the expression (5) permits all the regenerativé



20 o P = (V2)2()r2 _ (3) where ,

- Pi #Rg-0 -~ o T (4) holds. By substituting the

expr {ons (1) and (3) into the expression (4) and rearranging it, [err]
(5) results where Z = Z(s) holds. Fromtheé expression (5) it js seen

t hat e slip s holding the expression (5) pernmits all the regenerative 2.
-10- power to be consunmed by the interior ,f the induction notor resulting
.in the generation of a braking force reghrlléss'of the voltage across the\J/
‘i nduct i.on noPowezntowbe Irarsumed byf thei iatemien ofxthenindyctigmimosdrt o t he

o e R e S SSELE LA, SRRl oLl Lsietin mtor an
Al'so a quantidy gf:b{?g% a%‘[r%sattﬁg Qﬁdw@i%x{‘%@o'rognﬁ%ﬁ%&m”é}feb' arge as

conpared with th urther a braking torque e 10
-expressed by fgettive power externally(&ippliRidited g&hdemdbgoey es the nunber of:

~.rotation in unit time of the induction notor as will readily be understood

~ now to Fi gur ®%0F: AR

" fromthe ePphecordingly it Msuaott requived tchsuppd¥ beakkegindnapiencan 15 be
~controlled by controléiéé&the vol tage across_the induction notor. Referring _

. 549 PoMeL EETBHRE MRFdERENPCEETH AP 0 the AC
Slr ?xglt Blr eg‘?”E’h%h:e%sé.&”iﬁ’ftﬂé“%cpB?éﬁ'ﬂﬁgl "Odd A gillheley ot It the )
- .~ generated on the induction motor is not large as compared Ce
" with the DC braking. FPurther a braking torque3TS may be
10 expressed by ' | |
T, = (v/2)2 (1—;—'3—_):2'.;];-‘ " | (6)
wherein n designates the number of rotation in unit ﬁime of .
the induction motor as will readilj be understood from the
expression (3). Thué it is seen that the braking torque can
15 be cont:olled_bf controlling ;he voltage_across the
induction motor. _'
Referring now to Figure 3,.there ié illustfated
one embodiment according to the AC ele;ator control 3ys£em
of the present invention_which utilizes the érinciples
20 thereof déscribed above in conjunction with Figure 2. . In
the arrangement illustrated, a speed sensor 38 such as a -
tachometér'generatOr_is mechanically connected'to the-
induction motor 16 to generﬁﬁeva signal for the actual speed.
14 of the elevator car 22 and electrically connected to an

25 adder 40 to which the command speed generator 26 is also

connected. The adder 40 is connected at one input to a




20 t hereof. - -descri-bed above..in conjunction with Figure 2. _In the
arrangenent illustrated, a speed sensor 38 such as a tachoneter generA
i's mechanically connected .to the induction notor 16 to generate a si(
for-the actual speed 14 of the el'evator car 22 and electrically conne
to\an 25 adder 40 to which the command speéﬁ'ﬁbﬁbrator 26 is also :
connected. The aSWifFching devdsecdleiingiuding itwousets af normallly clesédchi ng

dew-ee 42 incl udi . Sels _of mal Ly cl osed cgntacts, 42a and 42b and
two sets of horngpg§£%%%ﬁﬁ%%ﬁ®gb?2é4§%éeﬁﬁf 3 ORSDAFRANLY PPERgure 3, the
adder- 40 is appl ceftxeid hga@ct d;si rl.with.a 5
negative polarity f.romth?gs%ggd%%ns;?g3 andlghgg o’ﬁﬁé"rgirfd tg‘ﬁe gdgfgnal \%
with a positive B0l &sidppliednwibk SothttHe ActRAtdsHEEL AlMNa12G tioENErate
a difference signal therebetween. The switching device 42 is Fesponsive to
the polarity f PeERthve Hodazity frem thesperd senisor 4B tandlBhe cumbadd t he

sets. of contacts 0 e to_the, other of the closed and open positions.
" The command speegééﬁélﬁg%ﬁgﬁ %5 ¥ith a mesitizgnpelasity £nom thet commans mal |y

open contacts :42ggedd feddratbrIss r\:é-%ﬂg%@e é4d§%€%ge %%gt#ﬁngﬁnnected to

the 15 command frequency generat of al So e comuand
frequency gener atherdfxtaednt, he'rmrﬁmh\iﬁgt a89iseNes ﬁ@&e%ﬁo%ﬁi@%% e
e

sets.of normally closed contacts 42a and 42b respecti vely. irst gain
‘regul ator. 44 is BTkt oft bhegediffanenne sigpal Ergumathe addespsdstoto an 7
o 10 switch the sets of contacts from one to ﬁhe other of the
closgd-and open positions. | |
The ccpmand'speed generator 26 is further
connected via the set of norﬁ#l{y_bpen contacts 42_c_ to a
first gain'regulator 44-subéeQﬁently.connected to the
15 command.freqﬁency-generator'és and also co;nected to the
command frequency generator .28 and the command voltage
generator 30 through the sets'of normally closed contacts
42a and 42b respeétively.. The first gain regulator 44
. is operative to generate an output signal in response to an
20 input signal applied thereto from the command speed'
generator 26. |
- The adder 40 includes the other output connectea
to a second gain regulator 46 which is, in turn, connected
to the command.voltage generator 30 through the set.of
25 normally open contacts 424. The second gain regqulator 46
is operative to generate an output signal iﬁ response to an
input signal applied thereto from the adder 40._. |
In other respects the afrangement of Fiéure 3 is

idegtical to that shown in Figure 1 and therefore like



20 izppyt: si gnal.. appl.d ed-thereto fromthe command speed generator. 26. The
adde',i ncl udes the other output connected to a second gain regulator 46
whi c S, in turn, connected to the comand vol tage generator ‘30 through

the set. of 25 normally open contacts 42d. ThHe second gain regulator 46 is.
operative to generate an output signal in 12sponse to an input signal

“applied theretq fromthe ; . ln_ot ; cl LaLr enent of e
"Figure 3 is iz(fgf_ ng]fa ?‘_gm%ﬁ%g ﬁ%ﬁmggﬁg%]fg%}ﬁdﬁfiﬁg& rgﬁ1 i ke 12. "o/
reference nurgymploneR®deideti DIeey eoke sk i iy Figareogponents identi cal
to those shown in Figure 1. The operation of the arrangenent shown in

Figure 3 will be now btheecsperaiddn pfcbheactingementh showar én Figunehdr ei n

‘there are illuystrated wavef.orms of the‘ségnals develoged at various points

therein. In FldgPEnary bfidesqnibedoifeforitRaidan stk Figvrerbr the

el evat or r 2215 .higher . ; - . signal VWVt .there I adder 40
produces the e E'Pe&ﬁgsggi%Pn%ﬁ%%t\%g%ﬁ&tﬂ%v%sﬁﬂsl \?g gg\ea%??/i%gt ween t he
posi tive conmguydispeddasi ek ousY pofined thereymand speed generator 26 and p
t-he negative actual signal -Vt from-the speed sensor 38. The sw tching
circuit 42 responds toIrhe passian \is pbiahithe ofommaaddspeed cstgnal |- from
the adder 40 to maintain the 15 sets of-normally closed contacts 42a and
42b in their frosbe pdeveten qar 2héssBigher thathdihey aghealcsignal s 42c

Vt thereof, :he adder.40 prdduces the difference signal

10 with the positive polarity between the positive command
speed signal ¥Vp from the cémmapd speéa'generatgr 26 and
' the negative actual signal =V, from the speed sensor 38.
The swfichingfcircuft 42 responds to the'pésitivé polarity
of the;q}fference signal from the adder.40 to maintain the
15 sets;éf-normalii.clbsed'contacﬁé:423 and 42b in their
closed positidﬁ;and thejsets'qf normally open cbntaéts 42¢
and 424 in their open position.
: | Thus the'arrangément of Pigure 3 is the same as
‘that shown in Figure 1. OUnder these circumstances the
20 induction motor 16 is operated in such a manner that the
voltage'and frequency_thereof are changed to be.
sup;tantially prdportiohal to each other fdllowing the
commahd'Speéd:signal Vp- That is, fhe:iqguction motor 16
isuope:ated.according-to the.so+~called.constant:
25 voltégeéto;frequency ratio control. At;that‘timefit'is
assumed that the elevator car 22 is_descendihé'ﬁnder heavy
loading. Under the assumed conditions, the actual speed

signal Vt'be¢omes higher than the command speed signal

Vp upon the completion of the particular acceleration of



and 42d. i.n.their_apen.position. Thus the arrangenent of Figure 3 is the/r>
sane as that shown jn Figure 1. Under these circunstances the 20 { -N

i nductjon not'or’ 16 is operated in such a manner that the voltage and
frequency -t hereof are changed to be substantially proportional to each

otfiér following the command speed signal [erﬂP.‘ That is, the induction
motdr 16 is opethecdlevatoricay tadtbkesspardtict denetteted®bSinto the
voktage-to-frequency ratio control. At. that tinme it is assumed that the

el evator car 22regeBesaiiwp MPd$rder heavy | oadi ng. Under the assuned

- condi tions, the actual spgéd sianal .Vt. becones higher_than the.c nd
speed signal V upon the c ngbﬁw6f°?+ﬁ9[ﬁiﬁﬁW5ﬁlg?-%ﬁ%é%%ﬁ%&ﬁtbﬁgg? p

-13- the el evat getaal spéed A RRTL ki &fud B 12" 8éghdi OLhdle HHROeBRMARE Ve

node. When the switching circuit 42 senses that the actual speed signal is

equal to or. [§ glspee@habgndle W .gmthedsets pef s gow cYosed hmommictso2ahe now

cl osed contacts 42a and 42b dre open while the sets of now open contacts
42c and 42 are22foddB arerprencwhidpcthe soks @fnpg¥: ePeR CRhReEE #R8 gain

Geserator 23 sod8 FREIEELIRET HRLE Sl He bl REnEUTIRASSLT PHECY

generator 28 so Se uency signal .

magni.t ude therehygbs\Wihé rb&irf i%%hﬁa@&rt £d'HeC bp@Pa Rl %o Jz@gfiﬂlaft_'leu:'ﬁet he
expression ¢5). On the other hand, the closure of "the.contacts -
' : " input to the command frequency generato; 28 so as to
- 10 decreasg the command frequency signal Ve to a m;gnitude
thereof at whiéh the.slip of the induction motor 16 fulfills
 thé expression (S). o _ "
. S -On.the_other hand, the closure of thg contacts
42g-causes the output from the gain regulator 44 to be
15 épplied to the cémmand.voltage generator 30. 'Thus the
command voltage signal VQ'has a magnitude proporticnal to
the differenée signal between ﬁhg goﬁmand speed signal Vp
and the actual speed signal V.. The command voltage
éignal Vv with such é magnitude is.supplied_go the
v 20 inverte:_14 to.control an output.voltage theréfrom. Also
.the.braking torque Tp expresséd by the exp;ession (6) is
controlled so that the elevator car 22 is cperated in
accordgnce yi€h the cpmmand‘speed signa; Vp, |
Even if the absbiute vélue of_the.slip tends to be
25 higher than a value és definedwby the gxpression (5) then
the supply power is onlylincreased cor:espondihgly which '
attains.the object of the present invention that no power is

regenerated on the DC side in the regenerative braking mode

of operation.



ypl t age gener-at or-30. -~Thus the -command voltage signal [erT] has a
proportional to the difference signal between the command speed
signal Yerr] and the actual speed signal Vt. 'The command vol'tage signal _
Terr] with such a nagnitude is supplied to,he 20 inverter 14 to’control am;
output voltage therefrom_ Al so the braking torque T expressed by the AR
“expression (6) is cont¥®|Fignre,St %?‘?%"&@MﬁrE&FeZW%rat ed in \J
-accordance with.the _co nd speed, sigpal _Jerr]. en if, the absal ute val ue :
of “the ol p sAdeness RS SorbRgned SRaned Y o, £hRe, AGR, TN HASEES: cosion

(5) then the ;sypaky POVEI1dstrARled hNHEELSEhCIYN SZPLRM! Plbyedd)i Ch attains
t he object of the present invention that no power is regenerated on.the DC

side in the riayentiahi verhe atiraggendet of Lhpshratiednis diffdrlent Ifrom gure 5

- .wherein like reference nunerals designate the conpgnents_ identical to those.
shown in F ghhat3shaupecin Figuresdr gnéy it ihAY iiGaFlgnTefS ¢ Hehg aadant :

“invention. The arrangement 4j.lustrated is. djfferent.fro rhat shown in

Fi gur e 3 onl fﬁgﬁiﬁﬁgf ?%Eﬁ dﬁxgc%?-Yt ﬁ‘é‘"@%“r%% é’gtu Itgteo?‘nﬁ’é@i _€° cﬁl}eect ly

connected at dohah@PEbedd 4&&:@%@326 SRE Sbriifdtedl gt ZRe bEkmANRRCt ed at

" the output to the conmmand Trequency generator 28 through a series. -

conbi nati on dheacoafiand fifecqrehcyhgenetatdr rif rehrionghl asserids contacts 42c.

The positive output of the rectifier 10 is connected to a ](_gai n.requl ator -50 ~
subsequent|yq@ghﬁggpéqntqﬁ an adder 48 and the set of normally clos

10 contacts742£@ The positive ouﬁput'bf'the rectifier 10 is
connected.to a gain fegulator'so sﬁbsé@uently-coﬁnected to
the adder 48. ' .
| As shown in Pigure 5, thé adder 48 has applied
‘thereto an output with both a negative polarity from the
15 ééin regulator 56 and an outpﬁt with a positive polarity
from the.gain regulator 46 t§ produée a diffe;ence signal
therebetween which is, in turn, appliéd to the cémhand
frequency generator 28 thr&ugh the set of contacts 42¢ put
in its cquéd position. ' '
20 The arrangement of Figure 5 is intended to return,
as a sigﬁal, a fl@w of an electric powér through the DC side
of the rectifier 10 back to the command frequency generator
28 in the braking mode of operatibn:thereby*to'conﬁfol the-.
frequency of the generator 28. More specifically, during a
25 flbw of an electric power from the rectifier 10 throuéh the
'invertér 14, the induction motor 16 supplies to the inverter
14 a regenerative powér increased so as to render the
ffequency of the inverter 14 higher'while upon an increase

in voltage across the induction motor, the latter supplies



t he adder 48, As.shown. in Figure 5, _the adder 48 has applied thereto g
output with both a negative polarity fromthe 15 gain regulator 56 Fmy
output_with a positive polarity fromthe gain regulator 46 to producp<&/
di fference signal therebetween which is, in turn, applied to the conme '
frequency generator 28 through the set of cofbPacts 42c put in its closed

position. 20 to the inVeeterrangeyeidrativei power Jddreasieandedas org et urn,
as™signal, a flow of an electric power through the DC side of the o
rectifier 10 backeaden HdecSrranendy efudhey igvacter chowae . nThite beasurgy node

of -operation therebv..to control _the frequency of the generator 28. re

speci fically, dtﬁ?’ﬁétg fgge?%w%‘fe aﬁ?eéggcf:?i ‘5°%%E‘“%r %ﬁl’t ﬁei?%%t??:\@’re 10

t hrough the invefg , 1lh ',pﬂgd' ' o] %m}ol 0; | rter 14
a regenerative pomﬁérrtl%c%gagz‘%l SO asq{&o@%né%%gf e rdefgﬁ'g%cfi&%?c%%f

i nverter 14 I ghevtoshilbewiphna g @f€dgtehBy Va4 taifpazedoas thhend nduct i on
mptor, the latter supplies - 15- to the inverter a regenerative '
power - decr eased arFangemgntcpliewn tine Figugeedecy of the inverter lower. This

measure permts regeneratve energy to conpensate for a |loss of the
inverter 14 resulting in ﬂe°t§bee'r %"gﬁ'o?’ggﬂeuf?ldlmc&’r% naEPHrl6 dSnith a

hi gh efficiency ar ' [ ent,.sh ip, Figure 3.c.l
ot her words, Whe%setr%%glan _EC?%%QW%}%FETE@??%%%% ee%\ﬁ%? glﬁ ‘Flg% _f‘?":esdsl}é"ﬁ'(?y
that the slip thseekpkebsibh S(9)he rRyRhesst Dve (dhergyee@RCHALY VEoiidis@teCan
only-corrpens;]%te : o _

for a loss due to both winding resistances and an
excitation. However, by feeding the electric power back to
the DC side to maintain the flow of the electric power
thréugh'the DC side always null, the resulting'regeneraﬁive
power can compensate fd;'not only thé loss due to both the
15 winding-resistances and the excitation but alsb.for'a loss
of the-inverter'l4. “
“ Such an operation'is not desirable for the .
. induction motor 16 high in capacity because the resulting
".efficiency of operation becomes low-as compared with he
20 arranéement shown in Figure 1. However, if thét operation
is performed oniy“when an emefgehcy generator is employed
during a power failure of the electric source R, S, T. Thgn
the emerggﬁcy#generaﬁbr_qan.be smallér sized. Altérnativéiy
- with a batté;y used as a DC soﬁrce, iﬁ is possible to |
25 preﬁent the battery féom reducing in lifetime due. to the
rapid charge thereof.: |
From the.foregoing_it is seen that the present
“invention provides an AC elevator control.system comprising

an inverter for inverting a DC power to an AC poﬁer having a



10 for a loss due to both wi-ndi ng resistances and an excitation. However,
by f3-~|ng the electric power back to the DC side to nmaintain the flow of

t he thrIC power through the DC side gkways null, the resulting
regen®rative power can conpensate for_not only the | oss due to both the 15
]mnndtng Vé§i§g&ﬁCE§1§iﬁetﬂédeﬂcV§§§¢B%ebﬁFeGPGGCYoraa Ladyckiont He i nverter o
14. Such an operati¢n |s“£ot desirable for the induction notor 16 high in =4

capaC|tymBE€5u§BefﬁézF@s thngher A cPRYRY . 0?“6p%9a?16335950ﬁ§§ low as =\

d h 2 f h
sl f"oﬁwitgeahﬁo?nﬁﬁisﬁvé%nﬁﬁﬁmiﬂ%ng Pestd geﬁamﬁgmfgemﬁs i uri ng
a pover f hHiengcﬁgﬁ%&&efhf eA‘H%rnatlv Tbragﬁﬁa §eC€4Er 9eNCY

generator an be snm r size battery used as a DC

SOUVC% b&ekﬁtPBﬁSfbfeekagﬁe,p&@ffﬂé the @é&ééﬁ! bEOPhecdyevatorn "fet'”e
due t0 the rapid charge thereof. Fromthe foregoing it is seen that the

present tareshder heavisgsloadidgpl dwping thetastesystharaofpundeng an

inverter for inverting a DC power to an AC power having a = - 16 -

vari abl elight aleading covadunbhg theodecelerationdtbereof nboodecreagezed

with the AC power, and an el evator car driven by the induction notor

wherein & §§ﬁiﬁﬁﬂc3r%ﬂaéht?dstgnhhe|%némghgeﬂ rotorctecgcmegaitudepr aki ng
r exanpl e, of . { he evatgr car r

nder “heloPRe Ehad, rhet deponotincLalt sl R FECFRR nERking EhRERREng o
: duri N8 tﬁﬁeQSESLSr@ﬁb&”tﬁ26£8§£néfh£%$£?ﬁé&king-of the induction '
| . motor, a slip thereof can be controlled so as to rehder a
regenerative power applied the éhe-Dc side null. This
perﬁits the elimination of the necessity of using an
equipment for-treating'the-regenerative power.
15 Also with an electric power for driving the
- electric car supplied by an emergency electric source such |
as an emergency AC generator or a battery, the present
invention can render the emergehcy electric source
small-sized, alternatively the baﬁtery'can increase in
20 lifetime because the same is prevented from rapidly
charging.
{ While the present invention has been illustratede
'and-described-in ebnjunction with*a-few pfeferré&-
embodiments: thereof it is to:be understood that numerous:
25. changes- and modifications may be resorted to thhout
departlng from the - scope qf_the-present
_invention. PFor example, while the present_invention has
- been described in conjunction with the determination of the

frequency of the induction motor so:-as to cause the-slip



a frequency inparted to the_ induction nptor to a magnitude l.ower than that.
upon the initi ation.of the braking thereof. 10.Therefore upon the "-';-
Tegenerative braking of the induction notor, a slip thereof can be acdl
control l ed so _as fo render‘a regenerative power applied the the DC side
nu-I{\f"." ThHis permits the elimnation of the ne’b%s‘si.ty of using an equi pnent
for~treating t heheegoefictatfuks ildwehe dkpression (5) dhstheihdsimn ofl sberic

power, for driving the electric car supplied by an emergency el ectric source

such as an ener gommandCpesd signalofor pexpeses ofhsipplifiqatiqnedti 48 Ean

render the ‘energency.electrjc.squrce snall;sized | ternativel y t attery
can increase in “PY‘FFE?F?T%A ﬁ:&a&’u§§et Aa™R e ﬂga%}gvéﬁ?ggé%br]gem*? a%ﬁ&?y .
chargi ng. Wi l'e dh@rRiR2€14n IdBY 2Rl EPed@endie¥F kheUthaddeibi Mbtaesohi rg i n
‘conjunction with a few preferred enbodi nents thereof it is to be

underst ood thét basisr ofiste adtmajespaed sighdl.canlsositrewille neasiddiyebet o

W t hout departing fromthe scope of the present. invention. For .

' p
exanpl e, while tmdesptaedithat &he dndnakionMetessdpi bhe PONFUFREPFon with
‘the determ nation.of the freauency of the induction t _ ause
the'slip - 1798 RE 2®F* %%%#P’J {’et%‘gb%‘%?%eés&goﬁgg'ﬁ‘;%néfﬁg‘%bg%% of
t he conmand spe 0 IdROSES | iR lfrfelgh@dhbP Neddtrol ! @hle
under st ood t hat toghsgﬁ%t%gse%&g{al g%ga?)% i%ia{balje to sucg determ nation of the_
frequency of therectdectontrabietic.0othée thamdire ebnshantict ual speed signal .-

Also it will readily be - _ :
. 10 voltage-to-frequency ratio control as described above.



understood that the induction notor in the power running node.of operation
“mayf hax.subj ected to any one of the well known controls such as the slip

y control, the vector control etc. other than the constant 10
.to-frequency ratio control as described above.: CLAIM5; 1. An AC
5 control system conprising a DC source, an inverter connected to ?j*
sai d° DC source to invert a DC power from sggd DC source to an AC power -
having a variable voltage and a variabl e frequency under 5 the control of\J/
both a command vol tage signal and a conmand frequency signal. an AC notor
driven with said inverted AC power. an elevator car operated with said AC
motor, and a circuit for changing said command frequency signal in the
regenrative braking node of operation .of 10 said AC notor to decrease a
frequency inparted to said AC notor to a magnitude smaller than that upon
the initiation of said regenerative braking node of operation and such that
substanti al | yCLAdM&aol e of the regenerative braking energy is absorbed
within the notor. 15 2. An AC el evator control systemas clained in
claim1l wherein a selected one of the.descent of said elevator car under
heavy | oadi ng_and_t he _ascent .thereof under_Ligh L [ fcted in said”
rege%erativegﬁrakﬁﬂggﬁoa eH?‘BﬁeFaP?BBEo?Ygngi§£#§§¥§$g9 ; 5t

source, an inverter connected to said DC source to . =

invgrt a DC power from.said DC source to an_AC power _
héving a'variabie voltage and a véfiable frequency under
§ the éonttol-of both a command voltage signal and a
command frequency signal, an AC motor driven with said
inﬁerted AC power, an elevator car operated with said AC
motor, and a.circuit for changing éaid command frequency
signal in the regenrative braking mode of operation of
|0 said AC motér to decrease a frequency imparted to saiad
AC motor to a magnitude smaller than that upon the
initiation of said regenerative braking mode of
6peration and such ﬁhat substantially the whole of the

regenerative braking energy is absorbed within the motor.

|5 2. AniAC:e1evator~control~systemias_claimed in claim 1

L]

whe:ein'a#selectéd.one-of:the descent of said elevator:
car.under heavy loading and the ascent thereof under
light loading is effcted in said regenerative braking

mode of operation of said AC motor.

* ¢ L M s




19 3. An AC elevator control system'conprising an AC source, a rectifier
for rectifyirng an AC power from said AC source into a DC power. an. inverter
connected to'said rectifier to invert said DC power fromsaid rectifier
-5 an AC:-power hawving a variable voltage and a variable frequency under
contorol of both a command vol tage si'gnal and a conmand frequency signa
AC-notor driven with said inverted AC power, an el evator car operated by
sa{d ;AC notor, an energency el ectric ‘source 101&nabled to supply DC power
to Said inverter during a power failure of.said AC source, and a circui t
for changi ng sai d 3somhnAC ed@vatey. cogtzipli syskemr cguneisaingeanrdRi ng node
of operation of said AC node dyring the powei failure of said AC source
thereby to 15 JSONES€ 3 Feckifie -FHﬁaEF€B1F81§Hiﬁnﬁﬁppaﬂﬁ?‘tsr%m said
magni tude smal | er ,than_ that .upan tﬁg initiation,of s?id regenega%ive .
braki ng mode of ofer FPUET S & REFSF-aRB LAVACERE: CARBRELAL| &P 52ide
whol e of the regeneraticsye brakis eLdy sl snd e Lt phLoat
& An AC ol ovat or HESALESREos: RVeERChHNa BT RGPE Erth Bhig; PEeERECLr €8
emer gency el SOl QAW FowepTHakiAY ANvEFEhBEECYoNEageNEAA! 87 vAPLaBLEP! Vi NT
AG power to thé& rectifier. 5. An AC el evator control "systemas clainmed in
claim3 25 wheitgiequedcy QnaegcBhy GbAELbLCoSONOER &§05PAMSRS GoDBagerY
for supply DC power to said inverter.. 0

- T - signal and a command frequency signal. an AC motor

driven with said inverted AC power, an elevator car
operated by said AC'motof._an emergency electric source

10 enabled to supply DC power to said.inverter during a
power failure of said AC source, and a circuit for
changing said command frequency.signai in the
regenerative braking mode of ope:étiod of said AC mode
during the power failure_of said AC soﬁrce thereby_to

fs'dec;easé'a frequency imparted to said AC power to a
magnitude smaller than that upon the initiation of ﬁaid
rpgenerative braking mode of operation of said AC motor
and such that substantially the whole of the

regenerative braking energy is absorbed within the motor.

20 4. An AC elevator control system as claimed in claim 3
wherein said emergency electric source comprises an
emergency AC generator for supplying AC power to the

rectifier.

5.. An AC elevator control system as claimed in claim 3
2S5 wherein said emergency electric source compriseé a

battery for supply DC power to said inverter.
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6. An AC el evator control system conprising a DC source, an inverter
connected to said DC source to invert a DC power from said DC source to an
AC pgepwer having a variabl e vol tage ‘and a vari abl e frequency under-5 the
. cont )-\ of both a command vol tage signal and d& command frequency signal .

AC N driven with said inverted AC power, an elevator car operatedaby B
sai d . nmotor. a speed sensor connected to said AC notor to generate an = JF
actual” speed signal indicating an actual 1@o speed of said el evator car, J
command speed generator for generating a comand speed signal, an adder
applied with s@i d KPR SRRSE ddhtd o 10 vind vl |s:§'i§€Qth! gnal to
produce a difference signal therebetween. a command frequency generator for
generating a csoumoe, ldn invemtproonmeahed teEaide DIC somr ceaitd command
speed signal, a command voltage generator for generating a command voltage
si gnal susbst dmveny & RO EAwE D fHoR Baid P eonnee ftoc@ieds) poweral , an

I nverter control means responsive to both said comrand frequency and sai d

20 command \RAVIRE i@Riahle wktage 20d & Yardpbled T qIRenCT URde L, t h

whi ch said AC notor is i ven, first. n requl at Qr _cqnnect ed

bet ween' sai?l AR ‘g‘q ap%e %in °§'5F|%@ &ﬁ%‘?& &generator

to produce a predet ned out ut. si_gnal rda th i d

comand speed %‘T% (?pg%%a%églﬂna{lo r?ﬁe(r:&trg' t“\l@@n séﬂ d adder

and sai d comeyd, gﬂi%w,_at CHnt 53; oPéraitieas ipgN3laiia" Acesponse ¥
na

to said dlfference sl g fromsald a sw tching nmeans connected
moto:. a speed sensor connected to said AC motor to

generate-an_actual speed 51gna1 1ndicat1ng an actual

lo‘ speed of said elevator car, a command speed generator
foregene:ating a command speed signal. an adder applied
with said'eomnand speed-signai'and said actual speed
signal to produce a difference signal therebetween, a
command frequency generator for generating a command

1Y frequency signal dependent upon sa1d command speed
signal, a command voltage generator for generating a
command voltage signal snsbstantially'proportional to
said command frequency signal, an inverter control means
responsive'to both said command frequency and said

720 command voltage signal to control a.fregueney and a

pulse width with which said AC motor is driven, a first.

)

gain regulato:“conneeted-between'said command frequency .
generator and said command speed generator to produce a
predetermined output signal in accordance with said

25 command speed signal, a second gain regulator connected
between said adder and said command voltagedgenerator to
produce-an'output signal in response to-said'differencef

signal from said adder, and a switching means connected

A



therefromt) switch connections so that said output signals fromsaid t
and second gain 'regul ators are supplied to said command frequency 5
generator and sai'd command vel t age regul ator respectively the arrangenent

- bging so that in said regenerative braking node of operation of said AC
motor in which the descent of said el evator cagiunder heavy | oading, the
asgent thereof under |ight |oading and the 10 deceleration thereof are

sel ectively effec#gSS?ﬁaigdgggz?@dbérfggfgﬁgi§ggg@]tﬂé ﬁ%ﬁgﬁfﬁ&ték rgase

"a frequency ‘i mpar 0 sal notor to a magnitude snaller tthan that upon
the initiation of 36F@reREENEIGhY CtRNé Pt Fém "B g t S W rinevt Wnssaigl AC
notor 15 and such that substantially.the whole of the regenerative braking
.energy is absorbethattbabdtbetpot osignald\tdmvedid firet dnd\sdoond gain -
substantially as herein described with reference to Figs. 3 and 4 or Fig. 5
‘of the acconpanyi nggutavpngsare supplied to said command frequency,

21 to said adder, to be responsive to the polarity of said difference E%?%gi

5 generator and said command voltage regulator
respectively. the arrangemént_being so that in said
- regenerative braking mode of operation of said AC motor
in which the descent of said elevator car under heavy
' loading. the ascent thereof under light loading and the
}) deceleration thereof are selectiyely effected..said
'command;frequency signal is changed to decrease a
frequency imparted to said AC motor to a magnitude
smaller than that upoﬁ the initiation of saiad
regenerative braking mode of operation of said AC motor
Is .and such that sﬁbstantially the whole of.the |

regenerative braking energy is absorbed within the motor.

7. An elevator control system substantially as herein
described with reference to Figs. 3 and 4 or Fig. 5 of

the aécompanying drawings.

.z

+ ¢ L M S %



