"A. C. ELEVATOR CCNTRCL SYSTEM'. 21 2 1 55 7 This invention relates to a
system fgg~gontrol - ling an AC el evator car driven by an induction, rotor.

The operfdiyton of an elevator car is classified into a normal operation node
and an ncy operation 5.node. In the normal operation node, the-
el evat or i s driven under control of & forhal-operation control :

apparatus controlling the acceleration and decel eration of the elevator car £
in usual manner, while, in the emergency operation node, the el evator car

is driven under 10 control of_ an,engrgency-operation_control ap t
provided to deal with an errer_g:ég(_&:gg‘gg§%§g§ RERQler JY 2 EEM errﬁ%SSZ

an AC el evator systemincluding an elevafor car drTven by a~“Three- phase

i nduction notor, such a 15 nornmal -operation control apparatus and such an

ener gency- opgration contrgl .apparatus have ,been separat el rovided so . _
that the forﬁﬁr can be smﬁ?bﬁédlBV?P QIﬁfﬁéiﬁiﬁt rFt?¥§%%§e98F gﬁngrol

For mor abpar at st 139 gPacAGoed R B o, B BT chedut tral B8k, o

.1975). In the discltosed sy§§§gbpgfggyaﬁﬂ4 yé&x%%éﬁﬁﬁ%ggfggnigo&lggsﬁggéa ’

such as thyristors is provi or controlling or car In

normal operat i 0-”5.£'cheasﬂo£- at, o%@ra@g.%‘%d& QUhd Nén SO gRRLYEEEeERE 18RCE

comand si gnal -2- 1 and the"speed feedback signal, the primary voltage

of an inducti®n yELEr C2AR BBeCHBEMAL @PpeMiddGnode, the elevator car is
driven under control of a normal-operation control
apparatus controlling the acéelerétion and decelerafion

¢

L . emergency operation mode, the elevator car is driven under -

of the elevator car in usual manner, while, -in the

10 control of an eme:gency-éperation control apparatus
prévided to deal with an emergency such as sudden
service interruption.
In an AC elevator system including an elevator
car driven by a éhree-phase induction motor, such a ‘
135 normﬁl-operation control apparatus and such an emergency-~
operation control apparatus have been separately provided
so Ehat the fprﬁéf can be switched over to the latter _ C
in theléaéecof an emergency.
_' _An examplé of an AC eievator control system
20 including the former apparatus is disclosed in U.S.
Patent No. 3,876,918 (issued April 8, 1975). In the
disclosed system, a controller ¢omposed of control
elements such és'thyristors.is provided for controlling

the elevator car in the normal operation mode so that,

25 depending on the errdr between the speed command signal



el evator car is accelerated or running at the rated speed, while the DC
braking current supplied to the 5 primary wi nding of the induction notor
can be controll éd when the el evator car is decel erated, whereby both of the
nmotoring torque and the DC braking torque can be control- led to -
satisfactorily control the acceleration andl Tecel eration of the el evatof ¢

710 | h an el t ontrol t th -t
s S tohed dverand e RAG F9EEARR T APHh0cELS BEVERECIOLERER | n the
. of h d ice | Lon, A
cior gency DG polth SbRetins t0n ek 8 (oSRREELESS Faeh Sfng .
e oC ey ) : di
the 1 nducti on VAP ek o8, Fiefarte Bt Akl CiE rted ] 1
Patent No. 2,02Q; 2263 (i 2 srr%% Brakind durfén _Iglgp%%%pgﬂgr source -

20 such as a battery an -sized hot or suppl i m t he DC power
source are provigioghdy AHAGLSY (4P £16 DAENGEN6n RSLEY S4F BITLbnEGETeRC
not or. However, in each of (a) and (b) above des- cribed, a battery and an
inverter unit OryifersNgié -dlawdtdd ¢Xr "D edelerdeed, Ivieteby bethdef the
af orenenti oned normal -operation control apparatus, resulting in a bul ky and
expensi ve syst emotorinme tdivue ramdl, the DG cbraking tarquee i can nbelegontzol-

i nduction nmotor is controlled to operate in the range 1 of large slip
during both of dedlty satvistacterily gontxobrthareeeberationand rotor

| oss and | arge power
‘deceleration of the elevator car.

10 _ In such an elévator control system, the opera-
(), -tion mode is switched over to an emergency operation
— ' mode as described below in the case.of an emergency,

such as sudden service inﬁerruptipn.
~ (a) An emergency DC power source such as é battery
15 and an inverter unit converting DC power into three-
phase Ac'power are prqvided 80 as td d:ive the inductién
motor by the inverter unit. .
(b) As proposed in British Patent No. 2,020,926
(issued August 25, 1982), an emergency DC power source
20 such as a battery and a small-sized DC motor supplied
\_ from the DC power source are provided so as to drive the
elevator car by the small-sized DC motor.
Howavef, in each of (a) and (b) above dess-
cribed, a battery and an inverter unit or a small-sized
25 DC motor have been required besides the aforementioned
normal-operation control appératus, resulting in a bulky
and expensive system. |

On the other hand, in the normal operation mode,

the induction motor is controlled to operate in. the range



consunption have been inevitable. A nethod solving these problens is known
from_5 for exanple, British Patent No. 2,081,534 (issued February 17
1982%. ~According to the cited British patent, an inventor unit -is used to
connigg)qn i nduction notor driving an elevator car. This inverter unit
cont\(#L& the induction nmotor in such=a3menner as to 10 maintai n constant
the rel ation between the voltage and the frequency applied to the inducti:on
mot or, -asli sofokavgeyskipwAuring beslpps acrelerardon and Wegslexam (P
control is well known as _this type of control. In this cae, the induction
not or can bet&eRsr oThegeferes Bpgﬁaﬂé FRtEKe logsganst laxge POWEF so t hat
efficient operation can ggygn ur ed. Funth%é, since this inverter unit '

oper at es wi t FOPBUPBRAPD BokBrVa%ABI8 0bt ai ned by con- verting AC
ower from an AC pewer,sQ by . nv r. 20 .i.n_the nornal eration
Iromde_, while DC po&er sﬁpﬂ#?’égdf %821"&8&%&% r%§8&1 ssd‘_@n?‘éx_fvﬁ‘ &%t%ry can
be di rectLy H5gloklmbig, CHELEERY pARGHE! 8] H00B1 B3 (iSeudl Lhe case of
an energehcy, the energéncy operation can be &ffediéd by nerely connecting

the inverterpgbi-hairg 87PC1882pQVCACEBFEIRGS ¥oh the dikd PpieilS0, as is
commonl'y known, the inverter unit which controls the induction notor ‘is
prinarily d?éa@ﬁﬂ,tsnonﬂmeeenuhhe e vekdage roptrddd dty induckich
rectifying the AC voltage supplied fromthe AC power source. Therefore,
when the inveoter driving annedetvatiorocar. This inverter unit

L)

controls the induction motor 'in such a manner as to
10 maintain constant the relation between the voltage and
the frequency applied to'the induction motor, as is ‘g/
commonly known. For example, the pulsedwidth'mpduiation o/ |
(PWM) control is well known as this type of control.
Inlthis cae, the induction mOtor.can be controlled to
15 operate in the range of small slip so that efficient
operation can be ensured.
Further, since this inverter unit operates
with DC power, this DC power can be obtained by con-
‘verting AC'power“frpm an AC power source by a cﬁnverter

20"in.the'normal'operation.hode, while DC power supplied -
from a DC power source such as a battery can be directly L::/
used in the emergency operation mode. That is, in the
-case of an emergency, the emergency operation can be
effected by merely connecting the inverter unit to a DC
25 power source such as a battery.
Also, as is commonly known, the inverter
unit which controls the induction motor is primarily

designed to operate on the DC voltage provided by



the battery or |ike DC power source supplying a | ow DC voltage, the torque
generated by the induction notor is 5 inevitably |owered. On the ot her —
hand, a torque,(an unbal ance torque) determ ned by the difference be Y

t he wei ght. of the el evator car and that of the counter- weight is

as a.load of the induction notor, and tht s4l-ad varies greatly dependi ng on
t he nunber of 10 passengers in the elevator car. That is, a great unbal ance
torque is app i eeedtifitiagiche AQ alitagerurphied| fnen dthe AC ipovwer |

| oaded, while such a torque is_applied in the up direction when the nunber
of passengers | BaQuUrECe eviharefare i Whem the dnvexten unit if geanrcted (ke
generated by the _induction notqr,.is small, the unbal ance tprquelﬁégones

domi nant to sucthgh RAGRSRY fat RO RIMAT FAOYIRE FURRAGIRE 2 Hfes

I mpossi bl e resul ti in reat_danger. In order t.0 avoid danger ous, '
Sl Tuat o as. 20 VOl itH irdtd HEraraba &Y e ARlde S AR AR 18 ¢ e
battery is requiir . I MEry U he, I to
that of the \}&%&%%bg%f%%ee%.bd; reC{:}{ ﬁ'{}i/él/%gérf%g ’%‘%’m a"gc_Leﬂgﬂ%pF%gd from
the AC power SOt aiue idfkroile)! b eilitihd B '@ Hirddande pawdgase | N

the cost and sc as been uhavoi prior art control system It

is therefore a fdneSiwedlyCloPltHd RIVVRATY d4tY adtid Othd®© ¢Ff hél cciintér-
el evator .control systemin whi ch an emergency DC power-source of -a | ow

vol tage can be waddght iy rpipostd \aB3 & WY dHrtiwarindudtion asetaf , -andn
Srergeney. this load varies greatly depending on the number of
10 passengers in the eleﬁaﬁor car. That is, a great
\?  unbalance torque is applied in the down direction
when the elevator car is full loaded, while such a
torque is applied in the up direction when the number
of passengers in the elevator car is small. Therefore,
15 " when the torque generated by the induction motor is
" small, the unbalance torque bécomes dominant to such an
extent that the control of the elevator car becomes
impossible resulting in a great danger.
In order to avoid a dangerous situation as
20 above described, the emergency DC power source such as
\v) the battery is fequired to supply a very high wvoltage
of the value close to that of the DC voltage obtained
by rectifying the AC voltage supplied from the AC power
source. Because of the above requirement, the in-
25 cuease in the cost and scale has been unavoidable
in the prior art control system.

It is therefore a first object of the present

invention to provide an AC elevator control system in



A second object of the present invention is to-- 5 provide an AC el evator

control system which can inprove -- the reliability of the energency
operagFoen. A third object of the present invention is to provide an AC o
el @ system whi ch can inprove the confortableness to ride and the
accur ¥cy’ of | anding-at 10 stopping floors even in the case of an energency.

According to the present invention there-is provided an AC el evator conts ol

system i ncludi ng an AC power source,-aﬁ-rhgucpion gotor driring ?g SLevié”r
car, an inverter unit receivin - power_ obt ai ned by converting e
power “as |1 BhiEh, BR. FeEREREY RS BV AeUISe Bl 4 e Fhasteang o

vari able frggu -saldai,n .0 ar,..speed caq I ng nean or. i
comandi ng ?ﬁegggéeggoéﬁggﬁg - giig'&gt %f‘n%gre,vastﬁgre(fatfet-lg‘cnﬁq‘r‘?g _ s"-f_fS or |
detecting tgg éﬂ@f&eﬁégsaid el evator car, and nornal -operation smnpchlng 2Q

si gnal generating frean

“for generating a switching signal--- for

control l'ing the fraqyessnaans jdety ofaehe’ prleddit q%ﬁ'atnigjn S8 ¢4 nverter

unit dependi ng-on the error between the speed comma “the detected ]
speed of 5saproeideaanr ACaeléeratorocohlt roNeisiigteim Mdeh T iprdvavat or 25
control system conprising an emergency DC power source, abnormal-condition
det ecting nthasrebrabilétyi 0§ tbeuemergencly apexatdioml comdition in said
- AC el evator control system and enmergency-operation .-6--smntchlqg si gha
generating nmeans f%rtébﬁérabﬂﬁgtseéhtbesmwﬁ§hm¢gnnwgmglqn1xg1ﬁnmwgency
operation node fhat the duié factor relative to the same frequency, of the
out put provide an AC eléevator system wh;ch_can improve the

comfortableness to ride and the accuracy of.landing—at

10 stopping floo:s even in the case of an-er.rgency. o

According to the present invention there-is o/

provided an AC elevator control system inéluding_an AC --
power source, an induction mofcr driving ‘an elevator car, o
an inverter unit receiving. DC power obtained by ébnverting

15 the AC power as its input and supplying an output of a -
variable voitage and a variable frequency to ‘said ihduction o
motor, sbeed commanding means for commanding the speed of
said elevator car, speed detecting means -for detecting the
speed of said elevator car, and normal-operation switching

20 signal generating means for generating a switching signal —— =
for.confrolling'the frequency and.duty factor of the output
of said inverter unit depending on the error between the
speed command and the detected speed of{said elevator
car in a normal operation mode, said AC eleva_or

25 control system comprising an emergency DC power
source, abnormal-condition detecting means for o
.detecting occurrence of an abnormal condition in said

AC elevator control system, and emergency-operation



of- said inverter unit in the enmergency operation node 5 differs fromthat
in the nornal. operation node, whereby, when occurrence of said abnornmm
gondition is detected, said enmergency DC power source supplies DC powel
the DC input termnals of said inverter unit, and said enmergency- operdit
swi tching signal generating nmeans controls the 10 output of said inverter
unizt. The present invention will now be desggibed in greater detail by way
of é&xanples with reference to the acconpanying drawings, in which: Fig. 1
to 12 illustrats, ;g NiHE diRfhaATdidFRIti Y rdaddef fra fieqidwdh a
wherein: Fig. 1is a blggck%gl’i agram showixfn% t he general structure of the AC
el evat or contr GuwiteHisg dighal? iirs ah Gnextjdndl} agpera tsiamimode Mehast rabet ur e
of the main circuit of the inverter unit shown in Fig. 1; 20 Fig. 3
is a graph showuty tflaeticat atelatibet ieethehesams tagpquency heof rghpicougput
applied to the induction notor fromthe inverter unit; Fig. 4 shows the
wavef orm of thefowaid irstexter guidr diredthie eRergency opreratirr medey high
frequency range; 2 ' Fi 5 shows the waveform of the_ output voltage

5 )
generat ed f Bom&ife ansy &rxam ’-'d}%tc it e dW‘f’?aéqL%Pﬁ:’SFF.’aﬁfbe‘!‘m?—?g.‘f’%e%m\s the
o aue eharact ol Rl d IS0 TS Ca Al Y4 e ez o
nor el - oper at | on AL th &) B pARIP A e Wlibo BPLEBE! BGubD oS A BET
input.terminals of said inverter unit, and said emergency-

. operation switching signal generating means controls the
i) 10 output of said inverter unit. |
i_j _ The present invention will now be described in
greater detail by way of examples with reference to the
accompanying d;awings, in which:
Eig. l to 12 illustraﬁe a préferfed-embodiment of
15 the présenf invention wherein:
Fig. 1 is a block diagrém showing the Qeﬁeral
stfucture of the AC elevator control system;
Fig. 2 is a circuit diagram showing the structure
of the main circuit of the inverter unit_shown in Fig. 1;
20 Fig. 3 is a grébh Showihg thé relation between the
voltage én& fhe frequency applied to the induction motor
_from thg inverter unit; | |
Fig. 4 shows the waveform of thé output voltage
genérated from the inverﬁer unit in a-high fréquenéy range;
25 _ Fig. 5 shoWs the_waveform of the output voltage
generated.from ihé invertér unit in a low frequency range;
| , Fig. 6 shows the torque éharacteristic of the
induction motor controlled by the inverter unit; |

Fig. 7 is a block diagram showing the structure



operation node; FIG 8 is a signal waveformdiagramfor illust- 5

rating the operation of various parts of the sw tching signal generating
uni t{stgwn in FIG 7; FIG 9 shows the waveform of the output voltage

a¥ead fromthe inverter unit in the normal opera- tion node; 1Q

shows the waveform of the out put-vol tage generated fromthe

i nverter 'unit in the energency operation node; FIG 11 is a bl ock dlagranr
showi ng the st pfctthiee nofrniale-operajsion -swisching signali geperaming
generatlng 15 . unit generating the switching signal in the enmergency
operation nodeundtd géin@ratdng thesisyidichinefaignal abn ke oroFmal- strating
the operation of various parts of the switch- ing signal generating- unit
shown in FIG Operatdomomode;: FIG 13 is a block diagran1shomﬁng t he

general structure of another preferred enbodlnent I t he eyato
control system accor dF¥§-t & tife & lanal ‘Yﬂfﬁ'f‘t‘?‘ﬁ‘h ’F?%’F%‘F% ﬁ%g‘d#ﬁénts of

t he present |nvent|on 1. now . be described in detail r to the
25 dr awPngs. 534?( ORRRARIVH 9 vﬁﬁﬁ?%tﬁ%r?% %#V: Elg? £§Q§1§ in
whi ch an el evatar uppl i ed fron1a DC power
source since |939941)4%§%§£§ié§3&ﬁ?capé@?%g§¥q%é$ng? operation undeP .
control of an el evat orFlré)ntg C&hd% ttrfgl%éﬁfﬁﬁ”éfnﬁ‘?e o,gugp@gr@@j_tage

situations

generated from the inverter..unit in ‘the normal opera—'
tion mode; | -
10 FIG. 10 shows the waveform cf the'dttpﬁt voltage
' generated from the inverter unit in the emergency - - o
operatron mode, | _
PIG. 11 is a block'diagram.shcwing the structure
of the emergency-operation switching signal generating
15 | nnit generating the switching signal in the emergency
operation mode; and
FIG. 12 is a szgnal waveform diagram for illu-
stratlng the Operatzon of various parts of the ‘switch-
ing s;gnal generatlng unit shown in FIG. 11, and
20 FIG. 13 is a block dzagram showing the general
structure of. another preferred embodzment of the AC va
elevator control system acccrdlng to the present lnventlon.
Preferred embodiments of the present invention
' w111 now be descrxbed in deta;l with reference to the
25 draw;ngs. | | |
. The present anentlon Ls applzcable to all of
the cases in wh;ch an elevator car must be driven by DC

power supplled from a DC power source since it is no more



I ncl udi ng sudden service interruption, accidental stoppage of the el evator
car between floors for sone 5 unidentified reason and operational failure
of« the el evator. control unit. Such abnormal situations are detected b
i ndi vi dual . abnornmal ity detecting means, and it is apparent that such
are gonstructed to detect correspondi ng=-alhermal conditions respectivery:
In The 10 follow ng description, preferred enbodi ments of the present -

i nvention ard adapable: ofdagrmal; Pperakicmander AentaPlsQf/ian elevator
interruption, by way of example. FIG 1 is a bl ock _di agram show ng the
general structufendrod mndrtedued tonpsaurRancs of,abnommad, fidraatsionst r of

system according tqQ the present invention. Referring to FlI, 1, .an el evator
car 9 and a couﬂﬂs&n&wﬂfs SEFVIST SR HETFHRE RS otar?cé'_%fé‘traéspect ively
of a rope 6 train roun tragtion sheave. 7. The el.evator_car 9 is
driven by a thrgg-%gﬁ%?? 'R% %el ﬁg‘&é'tal%c?ﬁ ﬁ@forbefwt% OfF éotfcﬁp&?agnet I C
brake 5 and r ' ri YA} | ¢ r N d ing unit 19
detects suddgn ?%#g%?ﬁgﬁg%% g?gignbéﬁgfo S%&%f&é%hna&gﬁgg%-p_g%%pAC power
source 1 func- &i1@0hRBratoRtROIE Uil Couch Wbhdia s R dFyle. 25

The out put- signal. fromthis service interruption detect- ing unit 19 is

applired to an edetateedsdyuandd vidiialolabnotnaliity détddtihd wedns)) and
turn on-of f main circuit contacts 20, 21 and control circuit contacts [err]
-9- 1 and [err] idepsndppgrent! khaty svehc aeansaaxrenconstriwted &o detect
I nterruption detected by the service interrup- :

corresponding abnormal conditions respectively. In the

10 foilowing_description, preferred embodiments of the
S&’_ | present invention are adapted to deal with occurrence of
~ sud&en service interfuption, by way of example.
FIG. 1 is a block diagram showing the general
structure of a preferred embodiment of the AC elevator
- 15 control system according to the present invention.
Referring to FIG. 1, an elevator car 9 and a
-counterweight 10 are suspended from the both ends
respectively of a rope 6 trained around a traction sheave
- . 7. The elevator car 9 is dfiven by a three-phase AC
o 20 induction motor 4 through an electromagnetic brake 5
\~/ and a reduction gearing 6. A service interruption
detecting unit 19 detects sudden interruption of AC
power supply from a three-phase AC power source 1 func-
| - tioning as a power source in the normal operation mode.
‘25 The output signal from this service interruption detgct-
ing unit 19 is applied to an e;evator sequence control- |
lexr unit 22 which functions to turn on-off main circuit

contacts 20, 21 and control circuit contacts 20a1, 20a2'



tion detecting unit 19. In the normal operation node, the contacts 20, 5

[err]d [err] are in their closed position, while the contacts .21, [err]

and | , zDl~are in their open position. A converter unit 2 converts the

t hr eeMphase AC voltage into a DC vol t age [err] which is applied to an :
inverter unit 3. This.inverter unit 3_hgs_a known structure as 10 ‘shown in
FIG 2 and is conposed of transistors [err] to Tr6 and diodes [err] to - ~

lerr].  The t4mnsasd o] S2i£l depénd Bhg] oA BnEUREESENER SY hBBERBeCERI MOl T
convert tﬁg 5%#30%?5 %i ?%f% a ? ?ee ph age ACFvo | t age mhlcﬁ ?? appl i ed

to the i nductdewvies oxnﬂerﬁ&puon detectéd b¢SPRESget¢itBeinpBiirapti on of
an el evator- car operation start signal fromthe sequence controller unit

22, the el ecttrmmgiaec::tmglqmﬁtlkw el eased, . and-a speed commandi ng unit 13
generates a speed.command si gnal whose Ievel rises with tinme. The speed
command 20 signal fromImethecrermainoperationi node,i thepgbnbdcts 20,
conparator 14 together with the detected.speed signal applied froma

t achonet er gdf@ptand 1&0%9l$¢%m ctheirialesed pesitianet Whaleothbe 4

driving the elevator C The ¢ arator 14 conpares the detected speed
signal with SPntagk %ﬁﬁumﬁms Pzl are %Pnﬂﬂghﬁ GPFPePQHéﬁlep-error
t her ebet ween,, and th error. Si nqg IS + ed ron1t co araég 14 to a
nor mal - oper att SiPANHR %‘ Pt g% &S lb‘é?‘?é iﬁﬁ ?e’_[g 2885

switehing sl giflo a oc Gotededr] O whien Y 48P1ISH QS Lﬂelh%%%%r out put

i n the normal operatlon no
unit 3. This inverter unit 3 has a known structure as

10 shown in FIG. 2 and is composed of tranSistors'Trl to:
T.g and diod'es"'D'l to Dg. The transistors T., to T.e aré
subject to switching control to convert the DC voltage
Voo into a three-phase AC voltage which is applied to

 the induction motor 4. | |

15 | In response to the application of an elevator-
car operatioh start signél’from thefsequence controller
unit 22, the electromagnetic brake 5 is released, and a
épeed commanding unit 13 generates a speed command
signal whose level :iées with time. The speed command

20 signal from the speed commanding unit 13 is applied to a
cdmpatator 14 tdgether with the detected speed signal 2
appiiedlfromﬂa'tachometer éeneratbr 12 coupied to the

' three-phase induction motor 4 driving the elevator car 9.
The comparator 14 compares the detected speed signal with

25 the speéducommaﬁd Signal.to'find the difference or error
therebetween, and the error signal is applied from the
comparator 14 to a normal-operation switching signal

generating unit 15 which generates a switching signal



This switching signal generating unit 15 is provided for controlling the
transistors [err] "to [err] 5 shown in FIG 2 so that the ratio between the
vol t age and t he’ frequency applied to the induction motor 4 can be

mai nt ai ned. constant. The nunmber of sw.tching. and duty factor of the ¢
of the inverter unit 3 are control- |ed ggpending on the error betweeR_t
speﬁ;,connand 10 signal and the detected speed signal. For the purpose of
ensuring ef fi ci @féd oper athénewi tbetebEVOEOthéainPertéri suspaessar gheo
control the voltage V and frequency f applied to the induction notor 4 so
that the ratio ngrmabhoopireatvien madebe. mai ntai ned 15 constant as shown in
FIG 3. Therefore, in a low fre- quency range in which the period is |ong,
the output of the invertcFhimi switchingnsighaddgenenatingeunit thoda in
FIG 4. It will be seen in FIG 4 that the nunber of switching (referred
to hereinafter EEPY#Q?@uﬁQEch#t§@11b%9s%%eh§r¢ﬂ5+ﬁﬁ°ﬁilTrgyﬁPeng | ar ge,

and the duty factor [err he p ses is sm|l ere T.is the half cycle
time and T i% t?ﬂ?ﬁﬁﬂ%% éﬁ%th CBH?r5?§1°|heﬁwﬁ?ﬁht$?e&ﬁgﬁ€?eréﬂ e

whi ch th d h i th
cont rol led Tn &9 f's‘?ﬁ'?%sa%%hﬁ%gﬁ B iofurfiGn Bp8e b danbe o 5,

t hat the nunber u | ses
is large. This mn%%ntg&r& ?éconllt’ro 'S caﬁdﬁaﬁggp% géﬂ:%%#ﬁb?‘?aéug (PVW)
control . 1 Vheo ﬁpm& t t t 4 -
controlled in the ﬁ%ﬂﬁ%gqg%%ve escrgﬁ the Eﬁv?gggﬁeﬁg chfg?,g?ﬁgrg% t he
induction notoriel dépemBing SO error between the speed command

10 signal and the detected speed signal.
\j_ _
N\

For the purpose of ensuring efficient operation
of the elevator car 9, it is necessary to control the |
voltage V and frequency £ applied to the induction motor
4 so that the ratio V/f therebetween can be maintained

15 constant as shown in FIG. 3. Therefore, in a low fre-
quency range in which the pe;iod is long, the output of
the inverter unit 3 is controlled in a manner as shown
in FIG. 4. It will be seen in FIG. 4 that the number
of switching (referred to hereinafter as the number of
K 20 -pulses N) in the half cycle is large, and thg_duty |
W, factor T /T of the pulses is smali, where T is the half
cycle time and Tp is the pulse width. On the contrary,
- in a high frequency range in which the period is short,
the output of the inverter unit 3 is controlled in a
25 manner as shown in FIG. 5. It will be seen in FIG. 5.
that the number of pulses'N is small, and the duty
factor Tp/T of ﬁulses is large. This mannei.of'control

is called the pulse-width modulation (PWM) control.



in FIG 6. By controlling the speed of the el evator car 5 9 by driving it

by thesknducti on motor 4 having the torque characteristic shown i,n FlG 6,

the e Q. or car 9 can be efficiently driven since the induction notor 4 N
opera\--’ n the range of small slip. FIG 7 shows one form of-the practi cal
struc-

i 10 ture of the switching signal, generating unit 15. Referring to
FIG 7, the SMAtChIng si gnal generatlﬁﬁpunlt 15 i ncl udes an OSC|IIat0r 317 =

1/2 f d | e
B oduci ng ot Wi e’ Yo iiad %‘@X%h%%%mﬁm P4 t“:"‘at or 36,
a saw oot h VL g’ft lg@q_rp\teﬁgg rﬁrﬁfé&;t ra.t - 86 '

swi tching sign generat- ing unit I'S constructed %0 that ﬂe nunber of

pul ses in t h‘gﬂ&%'afct@ﬁ.secicg S AR G iR R0 WeS¥or e Wil PehydhyeShod, N2
and 1, depending on the frequency of the 20 output fromthe inverter unit

3. FIG 8 shqw pravefear By RIFUYINL friP e Hd espeidd QBI5 ¢led tE1evatde Skt ching
signal generating circuit 15 when the nunber of pulses [err] in FIG 7 is

sel ected 50 ey dkiving it by the Ardwrpion ynetomehdhavimal therr] which
is a con- trol input to the switching signal generating unit 15-is provided
- general | y by teddjueg chasasrhexistdcahowmeln BEG. chmthel elegvatornndarhe
speed feedback signal to the .- 12 - 1 speed command signal or the speed’
f eedback si gfacantier @rﬂf-riélﬁﬂﬁ-}bﬁﬁﬁf% drinpe Jeherinduchion Betergnal a

havi ng a frequenc roportiqQnal to
ving %u pé4é%e Lnl e range of small slip.

FIG. 7 shows one form of the pract;cal struc-
10 ture of the switching signal generating unit 15.
Referring to FIG. 7, the switching signal generating
unit 15 includes an oscillator 31, a 1/2 frequency
divider 32, a sexenary ring comuter 33, e PWM signal
pfoducing'circuit 34, a puise number.changer 35, a dif-
15 ferentiator 36, a sawtooth waveform generating'circnit
37 and a comparator 38. This switching signal generat-
ing unit 15 is constructed so that the number of pulses
in the half cycle is changed over between the three
values, N,, Nz-and 1, depending on the frequency of the
20 output from the inverter unit 3. - . o
'FIG. 8 shows waveforms appearing from the i,j
various parts of the switching signal generating circuit
15 when the number of pulses N, in FIG. 7 is selected to
be N, = 8. |
25 A frequency command signal d, which is a con-
trol input to the switching signal generating unit 15 is
'provided:generally by adding the error between the speed

command signal and the speed feedback signal to the



frequency command signal [err] as shown in FIG 8. This 5 pulse signal a is
appli ed through the pul se nunber changer 35 to the differentiator 36 to
prioduce a pul se’signal® ¢ as showmn in FIG 8. The pul se signal c¢ thus —\
obtained is appliéd to the sawt ooth waveform generati-ng circuit 37 " !
produce a sawmooth pul se signal [err], angg 10 then, this pulse si .@
[erRlis conpared with the fre- quency command signal [err] in the

conparator 3§ t gl ctiifarid Bigmalidgnathe sisesdofdedbadit Gignalh the
meantime, the output pulse signal a fromthe oscillator 31 is applied to
the 1/2 frequency 15 divi dither¥fdre pritkicesed hlatser s3hngeéndérateés whi ch i s
fre- quency-divided by the factor of 2 as shown in FIG 8, and this pul se
signal a is applpulse eignakaxdaring iafreguaney Iraoporkionak ol the
signals [err] to [err] which are different in phase by 60 from each. other.
These pul se 20 EZxHegwancy qoumand [sdgnalrd, A Fhewn okt TEG- B « h s pul se
signal e and its inverted signal to the PWM signal producing circuit 34
whi ch carrie$ oRUAR Sighah,# 38 (ﬁ@]aﬁ?%mq}ﬂeéﬁ Fre| %o [err],

Shown 1 n Fl s SEAREE o1h 30 S Adeqiane ket a0 A maiioe o edTer
he. PV cont ol SLPRALS (4l SHbwf U T RLOF. ° MU' LS Wy, ¢ ends’ ~ 1"

s 'rrglr'?][ ISEI[’ GLH ! %#t%fifdeda&f.i: Hpblied WY %ﬁ@%&m@%@éﬁfﬁ | gchdvadidy! se
circuit 37 to produce a sawtooth pulse signal dl, angd,
10 then, this éulse signal 4, is compéred-wiﬁh the fre-
\_ guency command signal d2 in the comparator 38 to pro-
-duce a pulse signal e as shown in FIG. 8.
In the meantime, the output pulse signal a
from the oscillator 31 is applied to the 1/2 frequency
15 diviaer 32 to produce a pulse signal a, which is fre-
quency-divided by the factor of 2 as shown in FIG. 8,
and this pulse signal a; is applied to the_éexenary ring
counter 33 to produce puléé signals bo to bS which are
different in phase by 6b°'from each other. These pulse
L 20 signals bo to b5 are appiied-togethgr with the pulse.\
signal e and its inverted.signal e to the PWM signal |
-prbducing circuit 34 which carries out the AND and OR
~operations on the signals b, to bg, e and e to produce
pulsg signals g, = b, + b1~E +b, +b,ce, g, =
25 b, + byce + b, + b.3'3-- and g; = by + by <e +
by + bs'-E, as shown in FIG. 8. These pulse signals
g1, 9, 9y and their inverted.signai; EI, E;, EE {not

shown) are used as the switching signals (pulse signals)



shown =0 FIG 1. The pulse signals [err] and Gl obtained 5 by anplifying
t he signals [err] and [err] are applied to the bases of the ,
transi$f0rs [err] and [err] shown in FIG 2 respectively: S&intlarly, the
-pul seNsignals [err] and [err] obtained by anplifying the pul se S|gnals g2

and [eﬁr} are applied to the bases of {fe_transistors [err] 10 and Tr4 .
respeCtiver and the pul'se signals [err] and [err] obtained by anpllfyln%“/

the pul se ;si gy SeHe "M B¥hd81]) are applied to the bases of the
tranS|stors [err] and [err] respectlvely Thus, dependlng on the error

between the speed comrapxe Pullsd si¥hd Oﬁtgs gg e%‘stgngr abBgelS
trol fhe no

frequency is progressively |ncreased to c rlng orque of the

i nducti on notdescribediare awptified byea qeelseranpDifdértiriel gvator car 9.
t hrough the reduction gearing 6, sheave 7 and rope 8. As soon as the :
el evat or . car shosurdineBR&d I zrhe tpwlsmrsuagnalwv@ desdrGbedbtainbds a
predet erm ned position short of the floor Iandlng oi:nt after having :
travel | ed 5a bﬂédﬂﬂ%ﬁﬁﬂiﬁg(ﬁhﬁeﬂﬂiﬁee§¥ﬂﬁﬂl$ gcgpraqé apphied on the

el evator car 9 detects the éOSItIOI’l of , t he .eI evator _car 9 fromthe floor

| andi ng poi nitCaferDases, qfthe §W1§m%a¥ty@%¢ The 88ewR: &8 position
speed command g ?'ee%as&gs” LAY e S T b (FRE JORFes cpiopatd Sga. 1
cor respondi nd ¥ e %&%%%%ﬁ%%i%#ﬁ% P EOHRE “Taotffe speco
feedback 5'955”I are applied to the bases of the transistors T, '
| 10 and Tr4 respectively, and the pulse signals G3 and E;
obtained by amplifying the pulse:éignals ?3 and-Eg \;)
are applied to the bases of the transistors Trs-and Tre
respectively. Thus, depending on the error between the
speed command signal and the detected speed signal, the
15 frequenéy is prégressively increased to control the
motoring torque of the induction motor 4 so as to con-
trol the acceleration of the elevator-éar 9 through the
reduction gearing 6, sheave 7 and tope 8.
As soon as the elevator car 9 accelerated in
~ 20 the manner above described reaches a predetermined | ny
positiOn_short of the floor landing point éfter-having | N
travelled a predetermined distance, a position detector
11 mounted on the elevator car 9 detects the position of
the elevator car 9 from the f£loor landing,pbint.and
25 applies a signal indicative of the detected position to
the speed commanding unit 13. |
"The'speed commanding ﬁnit?13 generates a speed

command signal decreasing depending on the position of



fromthe tachometer generator 12 is applied to the 5 switching signal
generating unit 15 as described with reference to FIG 7. Therefore, by the
function of the’'swi‘tching signal generating unit 15 above descri bed,
frequency is.progressively decreased as conmanded by the frequency 1¢
command signal [err] while maintaining ¢ tant the re- lation betwe t

vol t@ge V and the frequency f, and the rgg nerative- -braking torque of the

nduction SoLor dbderdiitict |6 i WlvAlol eallos el HANRD Blebiitndy >

vator car 9. he regenerative power 1n this case

returned to the DRWRINGE WY G O1d S RMFESbIN iy VS 12| eF RSE BOkyyden | S

customarily done 1n this field. 2s soon as the elevator car 9 el ng

decel erat ed  r eadlgs tdpodd Bummaaidli | "dnd ke Wisded NEhsdBA e Sigral

arrival of the elevator car 9 at the tfloor landing point is applied to the
sequence controlfirom WwhHd tithometer Yenerdtpnll2 sigapphiadl to othé he
sequence controller unit 22 to activate the el ectromagnetic brake 5 thereby
st oppi ng and sholasitphirg o ignalorgemer gt ing tunit ak5eas 2deséribed witkhn
service interruption occurs in the AC power source 1 in such an el evator
control system neferancmitst BEkG. 94 s operated in a nmanner as will be -
15 - 1 described now. When service interruption occurs while fhe el evator
car 9 is situated within (FReXRERTONHY AR fypction of the switching

signal generafing unit 15 above described, the frequency
is progressively decreased as commanded by the frequency
. 10 command signal d2 while maintaining constant the.re-.
§~/ | lation between the voltage V and the frequency £, and
the regenerative braking torque of the induction moﬁor_
4 is'controlled to control the deceleration of the ele-
vator car 9.

15 - The regenerative power ih this case may be.
returned to.the poﬁer source oi consumed by an externall
resistor as is customarily done in this field.
| As soon as the elevator car 9 being decelerated

- reaches the floor landing point, é signal indicative.of

N 20 arrival of the elevator car 9 at the floor landing point
is applied to the sequence controller unit 22, and a
stop'éignal'is generated from the seguence controllér

- unit 22 to activate the electromagnetic brake 5 thereby
stopping and holding the elevator car 9 at the targe£

25 £floor.
| When service interruption occurs in the AC
power source 1 in such an elevator control system, the

- elevator car 9 is operated in a manner as will be



door of the elevator car 9 can be opened 5 because the el evator
Ituated at one of the. floors, the elevator car 9 is not operated

whi ch the
car "T?\s
ifr2pger supply is restored. On the other hand, only when service-
on occurs while the el evator car 9 is running, and-the el evator
car 9 stopped outside of 10 the_d .open zone, rescue operation is.
done to avoid confinenent of passengers In'the elevatar car 9. In such qsz
case, it §4s o fromthe aspects of econony and safety to run th
el evat or. %araggg?igggpggg considerably lower than the rated speed. 15
Referring to FIG 1 agghén b8riieecifitbreliption beruesowhiuddameser vi ce
interruption in the AC power source 1, the service interruption detecting
unit 19 det e§lévatetrreapce 95 sftuaead wichinpthendood apien tzonepdm t he
contacts 20, [err] and [err] and close the 20 contacts 21, [err] and
[err]. As a whiskqgthacdéoomnoénthgeatpvBEopocar Sovanecbedopenedas a battery
Is connected to the DC input ter- mnals of the inverter unit 3. At the
same time% thecavserphecelewapovecarolr 48 sdtuatednptcone of tthe i nput 25

term nal s of _an energency-operation smntchln si gnal eneratlng unit 16,
pul se anpl i fFi9OESt the eé@ﬁﬁﬁﬁEe°é§nPréFl§P uRPerate &n§é’ Power

b to S5 B Hokbotang B bl °§&§°¥‘f§né§3‘§r FhSFer ation
nor mal - oper A¥onCes, FRRFAE-EPRY ikl orRRgeCkRR Aidvater L trl

running, and the elevator car 9 is stopped outside of

10 the door open zone, rescue operation is done to avpid

cqnfinement of passengers in the elevator car 9. In ;“f
such a case, it is advantageous from the aspects of
economyland safety to run the elevator car 9 at a speed
considefably lower than the rated speed.

15 . Referring to FIG. 1 again, in the event of
occurrence of sudden service interrﬁption in thé AC
power source 1, the service interruption detecting unit
‘19 detects occurrence of service interruption and écts |
to open the contacts 20, 2031 and 2oa2 and close the

20 contacts 21,-21a1 and 2laé. . | - '

. U

As a conseguence, an emergency DC power source
18 such as a battery is connected to the DC input ter-
minals df the inverter unit 3. At the same time, this
emergency DC power source 18 is connected to the input
25 terminals of an emergency-operatlon switching s;gnal
generating unit 16 pulse amplifier unit 17, sequence
controller unit 22 and service.inter;uption_detector unit

19. Thus, the DC power source 18 supplies power now to



15 thereby conpleting or establishing an energency 5 operation circuit. Let
[err].and [err]{ be the output frequency and output voltage respective
the inverter unit 3 cor- responding to the running speed of the eley
car 9 in the energency operation node. Then t he emergency- 10 oper
smﬁtehing signal generating unit 16 is r quired to generate such pulse
gRals that the relation [err] satlsfle he f-V characteristic shown in

::ln\(/aerf er uni £ acPR eRATEIENsn SpihaS BB kra WRlek ke BBt R iBn i
than i he povir ‘sgoLy quah aaﬁ§¥ S L 'e%nWant&%ngut

vol tage of the 1 nvert unrt ve to the s requency 1s preferably
controlled in sysB acPRBISbpeRakibhe sWiFRAing’ sA¢naas qe&e&la%m@r @lrcuit
operation node 20 is, for exanple, 9 as shown in FIG" 9 and the nunber of
pul ses in the emer ghawbypebaabnenmgderl esthdlishimg an emergeheyn in FIG
10, so that the effective voltage is equal in both of these cases. That is,
the nunber agd dpeyataonocistuptlses 25 in the output generated fromthe
inverter unit 3 under control of the switching signals applied fromthe
noral - operatign and emekgénfy- apdr ¥i,i be $het omtpyts fyeguensyednd ng units
15 and 16 are selected to satisfy the -17- 1 followi ng rel ations: Number
of pul ses: nor nBPtBBEr ¥PLEATe EREPEgERiyedyepP4t the inverter unit 3 cor-

responding'to the running speed of the elevator car 9

in the emergency operation mode. Then, the emergency-
10 operation switching signal generating unit 16 is reel
\_/ quired to generate such pulse signals that the relation
vV, /£, satisfies the £-V characteristic shown in FIG. 3.
‘Therefore, in order that the power supply
voltage V,; of the inverter unit 3 in the emergency
15 operation mode can be set to be lower than the power
- supply voltage Vni in the normal operation mode, the
output voltage of the inverter uPit 3 relative to the
same frequency is preferably cbntrolled in such a manner
that the number of pulses in the normal operation mode
L 20 4is, for example, 9 as shown in FIG. 9 and the number
of pulses in the emergency operation mode is, for
"example, 2 as shown in FIG. 10, so that the effective
"voltage is equal ih both of these cases.
| That is, the number and duty factor of pulses
25 ' in the output generated from the inverter unit 3 under
control of the switching signals applied from the normal-
operation and emergency-operation switching signal

generating units 15 and 16 are selected to satisfy the



Duty factor of pulses: normal operation 5 < energency
(1R Further, when the effective output voltage relative to.the sane

is set to be equal in both of these cases, the tnductiron notor 4

torques as shown in FIG 6 thereby satisfactorily driv- 10 ing

the el evator car 9 in the enmergency op éation node. FIG 11 snows.one farm

of the practical structure of the eﬁ%rg ncy-operation switching signal = *.

generating undt .. Th y-operation swi tching signal generating -~
unit 16 iﬁtlgﬁé;gﬁ%n E?éi%ﬁ%ﬁﬁgo, a 15 sexenary ring counter 41, a PW

si gnal producing circui I {i 43 ot h waveform
generating circuit 44 z§n a %?ﬁ%&é%ﬁ%?gﬁﬁ%%fo%%% ?%\%Rpri nciple of this

unit 16 is substantially the sa : | - operation swtching
signal generating unit 20 15 sﬂ§Vﬁ§?%£§§?§§7§£§?§§& shows the waveforns -
appearing fromthe variputy PRidto®iot Hurded JensrmePesgbiR0idHl t ching

signal generating unit 16 when it is adapted to generate two PWM control

pul ses insthe half cycle. Referriqignergéncy|dperddicmd 12, an _

ener gency- operation speed command signal (frequency signal) [err] for
driving the el evat or c&urkher a when spheed fEecnire cautpatn vbEtagguence con-
troller unit 22 to the oscillator 40, and a pul se signal -18- 1 h having
a frequency prIp&iveo e the t3ame FArequengicis ceetetel be gequalein] as shown

in FIG 12 i % nerated fromthe oscil]ator 40. This pulse signal his
differentiatgﬂ of these cases, the induction motor 4 generates

torques as shown in FIG. 6 thereby satisfactorily driv-
10 ing the elevator car 9 in the emergency operation modé.
FIG. 11 Shaws oﬁe form of the.pracﬁical o/
structure of the emergency-operation sﬁitching signal
generating unit 16. The emergency-operation switching
signal generating unit 16 includes an oscillator 40, a
15 sexenary ring counter 41, a PWM signal producing circuit
42, a differentiator 43, a sawtooth ﬁaveform generating
circuit 44 and a comparator 45. The operating principle
of this unit 16 is substantially the same as that of
the normal-operation switching signal gene:ﬁting unit
20 15 shown in FIG. 7. | . . o
PIG. 12 shows the waveforms appearing from
the various parts of the emergency4operation switching
signal generating unit 16 when it is adapted to generate
two PWM control pulses in the half cycle;. Reférring to
25 FIGs. 11 and 12, an'emergency-operation speed command
signal (frequency signal) kz for driving the elevator
car 9 at a low speed is applied from the sequence con-

troller unit 22 to the oscillator 40, and a pulse signal



by the differentiator 43 to produce a pulse signal j 5 as showmn in FIG 12,
and this pulse<signal j is applied to the sawtooth wavef orm generating
ci¥cuit 44 to pro- ‘duce a sawtooth pulse signal [err] as shown in FIG 12
This signal ferr] is conpared with the speed command signal [err] in th
conparator 45 to produce a pul se signal-[ggr4 as 10 shown'in FIG 12. =
t he®geantine, the output pulse signal h fromthe oscillator 40 is applie
to the sexenary H igrixeg nd efreduéncy rmebperipidnel stgnehat [@f rthé ospeed]
which are different in phase by 600 fromeach other. These pul se 15
signals [err] tadmesard aigreiblkodas ogfedwrerimi FIGE hie2 pis sgesegated [ froth and
its inverted signal [err] to the PWM signal producing circuit 42 which
carri es out thet@ﬂ)qgniliatqnwéﬁi(NEhiﬁ]R¢k§%i§#§ﬂ%ﬂ[kﬁi§ differentiated
[err] to produce pulse stgnals [err] [err],_and errisas shown in FIG

12. These pul s®@%itgitidifle nta#ﬁfict#\é:f §\RFQUICS | Rl ?eﬁ#qfﬁihbtjshom)
The pul se s gnaia® (A ot (599 L ol ke TS SlAl Lif ammiiea
Puse i anal s 1 S G SMOat adan SeeFatdh F'%ee&%+@t”ﬂ4éts*‘$a%§+ﬁférs
:al rlgaélylvm%ﬁr;]efdé%éénce twyaﬁn rei%%%hgek{“(; Fl%{%‘?)*gle%??%% 0 : cri bed

energency- This signal k1 is compared with the speed command signal

kz-in the comparator 45 to produce a pulse sighal %2 as
10 shown in FIG. 12. '

U - " .In the meantime, the output pulse signal h
from the oscillator 40 is applied to the sexenary ring
counter 41 to produce pulse'éignals m, to mg which are
different in phase by 60° from each other. These pulse

15 signals my to mg are applied together with the pulse
signal 2 and its inverted signal % to the PWM signal
producing circuit 42 which carries out the AND and OR
operations on the signals my to Mg, i and f to produce
pulse signals q, =my + mloi' + My +myek, 9y =

- 20 m, + myes +m, + msof, and q, = m, + mz;i.+ m, + ms-i, |

as shown in FIG. 12. These pulse signals d1s 93¢ 93 and
their inverted signals q,, §,, g, (not shown) are used
as the PWM switching signals in the emergency operation
mode. |

25 The pulse signals q, to g and q; to 33 above

described are amplified by the pulse amplifier.unit 17
shown in FIG. 1, and the output pulsg signals from the

unit 17 are applied to the bases of the transistors



Lon starting signal fromthe sequence controller 5 wunit 22, the .
iﬁk&-operation switching signal gen- erating unit 16 generates the
‘Egﬁnals correspond- ing to the running speed of the-elevator car 9 in

er’gency operation node, and these pul se signals are apptied through
the pulse anplifier unit 17 to the if-1d0.verter unit 3 to drive the .
el evator car 9. As soon as the running elevator car 9 reaches the floor #,
| andi ng pqQi ntp_.a &3 ap iimedﬁwprmwhérmvéheeseqweecs_senaéel-l er um'
22 to deactivdte thei%h- verter unit 3 and activate the el ectromagnetic
brake 5 15 t xided stlgesidy wirth e ferenedcte| BYGE of. car 9 at the target
floor. In the enbodi nent of the present invention shown in FIG 1, an
emer gency power source Budespense)£q cihe | appeavrrcedofi antémergencyf an
enmer gency such 20. as sudden servjce interruption, to the DC term nals of
the inverter ORGEHAEHAR, iSFAF Hid9 tHandht FeAm Fhe hgequenericePriradler driving

the el evator car iy the nornal operati on npde, and switchjng signa
generatiné m&%ﬁ?fi%’t - SRG GYIORATAEECR Mt tehing s1g %hge%ﬁergency

32 n g Iro g{ ?tn Ig ° Pn?aI % gipnirgo v‘ﬂl %’g:\é I]TEO %ﬁ% Leoﬁh?f :éﬁ %?h e? f@%#ﬁ% ia‘lg%é'sé %ﬁ?’ll‘d'l' n L he |
| $ = . ; ! .
Cer geney. Y5 Up Skl S Ui HERRMGS GEP AT OT L

ener gency- I ng signal generating neans are such

that, when tBgehiRnedN Ohetitiici rdayn téliﬁiit{h@éé Pulll signdis 4pguction

notor is the sang for both of the norma _ , _
‘applied through the pulse amplifier unit 17 to the in-

10 verter unit 3 to drive the elevator car 9.

As soon as the running elevator car 9 reaches fd

the floor landing point, a stop signal is generated from
the'sequence-controllér'unit 22 to deactivate the in-
verter unit.3.and activate the electromagnetic brake S
15 thereby stopping and holding the elevator car 9 at the
target floor. |
in the embodiment of the present invention N
shown in FIG. 1, an emergency power source sﬁch as a
battery is cbnnected, in the case of an emergency such
20 as sudden service interruption, to the DC terminals of .
the inverter unit provided for the control;of the in- -/
duction motor driving the elevator car in the normal
operation mode, and switching signal generating means
for the PWM control of the inverﬁer unit in the emergency
25 operation mode is provided separately from the switching
'éignal generating means provided for the PWM control of
the inverter unit in the normal operation mode. Further,

the switching signals generated from the emergency-



>

and energency operation nodes, the nunmber of pulses in 5 the inverter

output is" smalder than that generated in the nornal operation node, and"ﬁé\“
daty factor of Thg‘pufses is larger than that of the pul ses generated i€§§:1/
t he normal. operation node. Therefore, the DC power supply voltage of th

i nvegt ér unit can be reduced in the 10 gy gency operation node. Therefore,

t hensi ze and cost of the energency power source can be greatly reduced to

provi de an eqonepefatdonfGwditeting signalolgenstiaing eanks alwvsuatnot her
enbodi nent of the pres- 15 ent invention in which the speed feedback
control is al sothapl,i etetuthey freguencyt iapplded dxonl ahe iinvexftdhainit

el evator car in the energency operation node. In FIG 13 showi ng a

nmodi fi cati on of tohéhaCiskdwrsion motorolissjkhecmagieofion PahGof] thefnomeale
num 20 erals 23 and 24 designate an energency-operati on speed conmandi ng
unit and a conpang eRergepsyt Prerptisnd Soaflle ke O fH RwEes i e

used to desi%nate the sanme parts shown in FIG 1. Since theeggsr i on of
the system iR tk8endPVerteFe PLHEPHT husmallere é’éﬁ’e % ganex "’tfi & bed

ey ency oner abPenogamet BRb=ARIGH BHaR WA, Sl (o DGR e A S
comand, Stonel pikals 1a Theghe, heh UG Y il BISAl SRARAIL A B
a function of tRERAT bpePatioh molletV2iNere¥ore, the DC power supply
~ voltage of the inverter unit can be reduced in the
10 emergency operation mode.
\_ | o ~ Therefore, the size and cost of the emergency
. power source can be greatly reduced to provide an econo-
mical AC elevator control system.
FIG. 13 shows another embodiment of the pres-
15 ent invention‘in which the speed feedback control is
also applied during acceleration and deceleration of the
elevator car in the emergency operation mode. _
In FIG. 13 showing a modification of the AC
elevator control system shown in FIG. 1, reference num-
N 20 ‘erals 23 and 24 designate an emergency-operation speed
commanding unit and a comparator respectively, and the
same reference numerals aﬁe used to designate the same
parts shown in FIG. 1. Since the operation of the
system in the normal operation mode is the same as that
25 described with reference to FIG. 1, any description
- thereof is unnecessary.
In the emergency operation mode, the speed

commanding unit 23 generates a speed command signal which



the elevator car 9 is being decelerated. The 5 conparator 24 detects
jerence or error between the speed command signal fromthe speed

Yg unit 23 and the speed feedback signal fromthertachorneter _
gener r 12, and the energency-operation switching signal geherati.ng unit
16 generates PWWwcontrol switch- 10 &ngisignals corresponding to the speed
control error detected by the conparator 24 to control the speed of the ﬂ_f
el evator capr fsia flhmcmgeﬁc’gmnpewhenohheoeéevihereMdBrmﬁt beiogn in
FIG 13 is advantageous in that the capacity of the battery 18 can be
further 15 reﬂmm%bexﬂt%@ctWhA%%rl%nge%@réﬁﬁﬁlérsPQPGeCPPEﬂédtﬁﬁsﬁgﬂ t he
i nduction nmotor 4 during_accel eration and deceler- _ation of the el evator
car 9 in the g2 ofanration ofgkhe TResitionJoinbhei RARVALESL! GAFher

advant ageous 20 in that the applicatign,of_ the speed.,fee ntrol
during gccel eﬂ#ﬁﬂlﬁﬁﬁiﬁikﬁﬁg 51?%ﬁ gf1?hge%P€v§?8F18§Fg§8Can so greatly

vory | ow eg’%’%éﬁ'g botd (AR Ee P, dY E2abRict Gk BhatThetyst " ° ©
appr eci abl e. spéejé% { coluin &hgiixlfﬁi efréﬁetﬁaesﬁeé&eébﬁﬁﬁnﬁﬁ%f %a_rgay not

be done, and a Si gn Increasing of ‘decreasing wth

substanti al |y, §%§éameh spedd - fdedB58k C5 8GR BEofiCEALCEALhBReERY e
generated to control e Tnverter unit -3 for suppressing the current

flowi ng thr ougdhdeedndLiz] | I "EhET edlet§enePpyopadaeiiog swttching

signal generating unit 16 generates PWM-control switch-

10 ing signals corresponding to the speed dontrol_er:or'

‘detected by the comparator 24 to control the séeed of | ;ﬂj '
- the elevator car 9 in the emergency operation mode. |
The embodiment shown in FIG. 13 is =zdvantageous
in that the capacity of the battery 18 can be further
15 reduced since the current of smaller value flows through
the induction motor_4-du;ing.accé1eration and deceler-
ation of the elevator car 9 in the emergency operation

mode.

'~ The second embodiment is furthe:_advéntageous

20 ‘in that the application of the speed feedback control lJ’j
during acceleration and déceleration of the elevator car /
9 can also greatly-imprové the accuracy of floor landing.
When the elevator car 9 is run at a very low
speed, the floor landing error is expected to be un-
25 appreciable.
In such a case, therefore, the speed feedback

control may not be done, and a speed command signal

increasing or decreasing with a substantially constant



3

capacity of the battery 18. 5 In the enbodi nents shown in FIGs.
1 and 137y the. PMM control signals are described to include equal pul ses
kavi ng the sane pul sé wi dth. However, known unequal pul ses having diff{ '
pul se widths nay be used in lieu of the equal pulses. In such a case,
wave- 10 formof the output voltage Qf 4he inverter unit 3 be- cones
clgser to the sinusoidal waveform and such a wave- form provides the

advant age that Jhe 100ia38 G b Ric VIR rfdy'Be hferidrditdd aib BYrirdiL can

be reduced. "The swtching signal generating units 15 and 15 16 shown in

FIGs. 1 and 13 Ry i@ crairaced s To¥ Wupprevgitieeim\durdmt Elbwire
nor mal - operation swtching signal generating function and the

emer gency- oper ahrougivithehiitglhuwtgenl oy 3 ithedeby itedtycingl thesse
functions nmay be switched over to generate the required swi'tching 20
signals. By tkapacdty ofiidthen bathexyorkBit er, the system can be nmade _
smal ler in size, and the swtching signals can nake nore delicate contro
of the spee® of the el eveﬁ!brthﬁaﬁﬂgﬂﬂmﬁs tShOWb i EXGfer 2k i3 shd 4 chi ng
signal 25 generati

ng unit 15 only nay be replaceq by .an el or-_control
ni cr oconput er, %&%%’@éﬂaﬁ%ﬁ%ﬁ% ‘i’i‘ﬂ?er% kS| g‘rf‘a‘fe‘ly%e‘?‘ﬁﬁ g unit
16 may be left tqQ serye excluysively its .schedul.ed f | I h e,
the 2525 sirdegendr i dHe e SR ST RO R % T
regﬁnaﬁ'rinetngﬁr Tpeqtialpiided SV i3RP | fi% e ihd Hulkd Shdadid iy B Cused

in lieu of the equal pulses. In such a case, the wave-

10 form of fhefoutput'voltage of the inverter unit 3 be-
A j comes closer to the sinusqidal;waveform, and such'a wave-
‘form provides the advantage that the noise and heat
- generated from the induction motor 4 can be reduced.
The swigching.signal generating units 15 and
15 16 shown in FIGs. 1 and 13 may be replaced by a micro-
computer having both of the normal-operation switching
signal generating function and the emergency-operation
switching signal generating function, and these functions
may be switched over to generate the required switching
L Zb 'signals. By the use of such a microcomputer, the system
- can be made smaller in size, and the switching signals
can make more delicate control of the speed of the
‘elevator car.: |
Further, the normal-operation switching signal
25 generating uniﬁ 15 only may be replaced by an elevator-
control microcomputer, and the emergency-operation
switching signal genérating-unit 16 may be left to serve

exclusivelf its scheduled function. In such a case, the



It wll _be understood fromthe foregoing 5 detailed description of the
presenyyinvention that, in the case of an energency such as sudden service
i nter- i on of AC power supply fromthe AC power source, a ac power .
suppl y\volt age from an energency DC power source is applied to the [nverter
unit provided for the 10 control of t#h@3elevator car in the normnal _—
operation node, and the inverter unit is controlled by switching signals qgf ,
that its olt pemergehcgcopprhtiéonhafi hhea system sanobe aejdakllyarpem the -
case of the nornal operation node, when the frequency applied to the

i nduct i on not fermednevent whenntbet micyocomnputiest i sodisedles ,n@andathe

enmergency operation nodes is the sane, Therefore, the DC power supply

vol tage to beSafpFye@apobenBorfy Epldablyi ensNrede energency operation node

be reduced, and the_snall- | d .econoni_cal
e used L0 20 Sai ol y 1 uREi NLACSE] BPUPERLBRR RoPE eGSR o at | on
- mode. Wheng f anpl battery i d as thi
Source, thd CHPERLLRR aRaErABFORPEoRUB RERRERE, FIRE AR han. T
battery nust pgg p@%édefaéi: Lﬁekgéﬁsgt. E%ﬁ”%gr 80ldesd service? inted-A M5 1.

An AC el evator control systemi'ncludfng an power source, an in uction

mot or dri Vi nGrgPe £b8VEEOACCBEwe2NshPBEy! SkoliNithe’ A2CHbWRE LBour@er LObtained -
by convert- ing the AC power as its Tnput and supplying an output of a

vari abl e vol tm@cpeér asippLRbVeltagaugron aa emei geRdyCDCOBOWIOr, speed
commandi ng neans for conmandi ng - o

' source is applied to the inverter unit provided for the

10 control of the elevator car in the normal operation mode,
and the i“vertef unit is controlled by switching signals ‘f ?
so that its output includes pulses having a dﬁty factor |
laiger than in the case of ihe normal operation mode,
when the frequency-applied-to the induction motor from
15 the inverter unit in both of the normal and emergency
'operation'mbdes is the same. Therefore, the DC power |
supply voltage to be applied to the inverter_unit in the
emergency operation mode can be reduced, ané the small-
capacity and economical DC power source can be used to
200 safely run the AC_elévator car in the emergency operation
| ~mode. When, for example, a battery is used gs this ;uj
emergency DC power source, the effect becomes more marked
considerihg the fact that the battery must be periodical-

ly inspected and replaced.
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t he speed of said elevator car, speed detecting neans for detecting the

speed of 'sai & el evator car, and nor mal - operation sw tching signal _

dener ati ng neans for generatlng a switching signal for controll; ‘he fre-
quency and duty factor of the output of said inverter unit dep on the
error ‘between the speed comand and the ddtact ed speed of said at or car

|n\a»nornal operation node, said AC elevator control system conpris- ing an
enekgency DC pdWekI®Durce, abnornal -condition detecting neans for detecting
occurrence of an abnor nal on in said AC_ el evator control system - and
emer gency- oper atti on smnt&H?ﬁﬁgs? ﬁﬁ?taﬁnﬁ?BFrﬁé S¥ELEM dncdaddng 29y ASuch a

switching signal_in an emergency. op t he duté factor.

~relative to t h&%¥Ehe TR %ﬁ g18ﬁt$§?°5fa§événgh9@rﬁ BVRHOT SR%he
emer gency oper af Qi Jlde, di {f £L s é% iR tDbn85P80n8§g§| ?@c? L%%pggp

wher eby, when occurrence of sal nor mafF con

enmer gency DC|M§M3 SRUr ﬁggg&lg@ PP ﬁttgn&hgwﬁglk gtaherGFqu@Is of

said inverter unit, and sdid energency- op ration s si gna

generating meas @M&ﬁ&té%ﬂ%ﬁ@ ha a vaiiiaswfka&%&h%& %' said&

An AC el evator control system as imed 1n claim1, wherein sar

ener gency- oper dniduetiwn woter Sispeed JeaRnahd idgRaassIEaer ébﬁﬁta%kﬁ'ihga
switching signal that, 5 for the same frequency, the nunber of swi tching

pul ses per onetbmcb@endtuﬂfsayile&emaﬁunlt&r t bpeetihdetentihg meams
operation. node, and the duty factor per unit
for detecting the speed of said elevator car, and
normal-operation switching signal generating means for
genefating a switching signal for controlling the fre-
- quency and duty factor of the output of said inverter
unitldepending on the error between the speed command
and the detected speéd of said elevator car in a normal
operation.mcde, said AC elevator control system compris-
ing an emergency DC power source, abnormal-condition
detecting means for detecting occurrence of an abnormal
condition in said AC elevator control syétem, and
emergency-operation switching signai generating means
L for generating such a switching signal in an emergency
operation mode that the duty factor relative'to the
same frequency, of the output of said inverter unit
in the emergency operation mode differs from that in
the normal operation mode, whereby, when occurrence of
said abnormal condition is aetected,'said emergency DC
power source supplies bc power to the DC input termi-
nals of'said inverter unit, and said emergency-operation

switching signal generating means controls the output of

A



Smﬁtching pul se or per one cycle is larger that that in the nornal

operation node. 10 3. An AC el evator control systemas clained in
~claim 1, wherein said abnormal -condition detecting nmeans i‘ncl udes neans for. =
detecti ap interruption of said AC power source. 4. - An AC el evator
control [ppsrlem as claimed in 15 claim 1, wherein said abnornmal -condition-

<

. detecti gans i ncludes neans for detecting accidental stoppage of said _
el evat or~edr between the floors.. 5. - 25 An AC el evator control system as
claimed in claim1, wherein said abnormal -condition detecting neans 20

I ncl udes neangaiarifeeecekrngnan.operational failure of said el evator

control system 6. _ - An AC el evator control systemas clainmed in claim

1, further cofprising ennar€ne}evptoat contspdedysteamas gddmed nip neans,

so that said energency-operation 25 switching signal generating nmeans

generates a s@iaihmi hg whgneincsaidspostgrycyoopesadiodd syirhehihg aiangled

from said energency-ogperati on speed command_generating neans. -26- 7.

An AC el evat oPeR8ReESRIspeRBR deNeFarREdSHRhcRaSHiFchang Rdanadndhading

Command and sEPE B cBeBE EBEBHSBEYenkhes BHABaNe Ale fiL FETEE IRSHERRA t chi ng
SO0 9°TSERk | B EGRTOBSRELES O T, U8 RNT e Yol R O,
~wherein said gEPRYENGYePREiBh ABasReaHaCRAERBALy factor per unmit
switching pulse or per one cycle is larger that that in
the normal operation mode. -
lb 3. An AC elevator control system as claimed in \;)
claim 1, whérein said ébnormalécondition detecting means
includes means for detecting an interruption of said
AC powér-source;
4. An AC elevator cohtrql system as claimed in
15 claim.l, wherein said abnormal-condition detecting means
includes means for detecting accidental stobpage of said
elevator car between the floors. |
5. " An AC elevator control system as claimed in
claim 1; wherein said abnormal-~condition deteéting means }H;
20 includes means for detecting an operational féilure of
said elevator control system.
6. . 'An-Ac.elevator control system as claimed in
claim 1, further comprising émergénCy-operation speed
command genergting means, so that said emergency-operation
25 switching signal generating means generates a switching

signal corresponding to the speed command generated from

said &mergency-operation speed command generating means.

QL



s so set that the accel eration and decel ération are 10 substantially
gonstant: 9. » An AC el evator control systemas clainmed in clai
wherein sai d eivergent¢y DC power source supplies DC power to other uj Y n
addition to 'said’inverter unit. 19. An AC el evator control s
claiméd in 15 claim 1, wherein said energency-operation swtching
geQ;!ating nmeans i s provided separately from said nornal -operation
swi tching signal generating neans. 11. _ ;¢ _An AC el evator control system
as claimed in claim10, further .conprising swtch-over neans for 20

di sconnecting sai d nor malxrdRRY A1/t t&éﬂ%pi%ewwrﬁmﬂeﬁg@ms from
said 1 nverter unit when occurrence of said abnorral condition 1s detected
and connecti ng claiith SYEfIATHEe U iFL fdVinadn s O o Hetle ASHY AHE G RHNS
to said inverter unit in an energency operation 25 node. -27- 12.

An AC el evat or hatneen sajist enaageariai~+aperatidmispedl dommiaml rodgdisd ng
speed commandi ng neans for energency-operation in addition to said speed
commandi ng nearietestedompesd sy thed daiditemengancys-opegradiirors aiwli tching
enmer gency-operat,ion_sw tching signal ‘generating neans is adapted to
generate a Swi tiFndd SeRenating Aeanf aanesates 4 ewijchdnd mignihg neans
for enmergency-operation._.,13. . An AC el evator control system as cl ai ned
in 10 clainll,QHﬁ§§BQ?Q§¥Qjqﬁ:ﬁﬁiﬂgﬁgﬁﬂﬁtxais a t hree-phase AC power

source. 8.

An AC elevator control system as claimed in
claim 6, wheréin said emergency-opération speed command
is so set that the acceleration and deceleration are.

| 16 substantially constant. |

9. An AC elevator control system as claimed in
lclaim 1, wherein said emergency DC power source'supplies
DC power to other units in additién to said inverter unit.
10. | An AC elevator.control system as claimed in
15 claim 1, whérein.said emergenéy—operation switching
signal generating means is prdvided separaiely from
said norma1¥op¢ration switching signal generating means.
11. An AC elevator control system as claimed in
O .claim 10, further comprising switch-over means for
20 disconnecting said normal-operation switching signal
geﬁerating means from said inverter unit when occurrence
of said abnormal condition is detected and connecting
said gmergency-operation switching signal generating
means to said inverter unit in an emergency operation

25 mode.
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14.

t he 15

An AC el evator control system'constructed and arranged to operate
substantially as herein described with reference to and as |IIustrated in
-cconpanylng dr awi ngs.

10

15

- 27 -

12, An AC elevatorlcontrel.system_as elaimed in
elaim 10, further eomprisihg epeed commanding means
forlemergency-eperationlin_addition to said speed
commanding means for controlling the elevator car,
whereinISaid emergency-operation switching_siQnal_
generating means is adapted_te.generate a ewitching
signal iﬁ.accordanCe with said speed commanding means
for emergency-operation. | |

13. “An AC elevator control ?ystem:as claimed in
claiﬁ 1, wherein said AC power source is a three-phase
AC power source. |

14. An AC elevator control system constructed
and arranged to operate substantlally as herein
descrlbed with reference to and as 111ustrated in the

accompanying draw1ngs.
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