APPARATUS FOR CONTROLLI NG THE SPEED OF AN ELEVATOR BACKGRCUND OF Tﬂé -
| NVENTI ON Field of the Invention: The present invention relates to an

‘a ratus for controlling the speed of an elevator, which controls an AC .
g§§tr|c notor that drives the cage, by using a power rectifier -

(h€reinafter referred to as a converter) conprising 5 thyristors and a

power inverter (hereinafter referred to as an inverter) conprising a

transi stor and a diode. Description of the Prior Art: Fig. 1 is a bloebrv

diagramillustrating the structure of a conventional apparatus for ~

controlling the speed of an 10 el evator, which is disclosed, for exanple

in Japanese Patent Jg é@&%@% Wrﬁbf"bebg; %'wr:]o o) a

denotes a three-phase pomer source nce numnera
converter which consists of thyristors and which converts an AC power
source voltage into a direct current, numeral 3 15 denotes a capacitor for

snoot hi ng the output of the conggckggcdﬁunugﬁgﬁg4Iﬁ@gqgggua converter
whi ch consists of a transistor and a di ode, and which converts the DC

vol t age snoot pa@ldy dhec@ppsvéatidni:nt 0 an alternating current of which
the vol tage and frequency can be changed, nuneral 5 denotes a three-phase

20 i nduction notor (herermefpeésen&ph.nvreef'ardredrépaﬁasa&oelaectarpptaratm@tor]
that is an AC electric nmotor, nuneral 6 denotes
w for contrcllzng the speed of an elevator, which controls
an AC electric motor that drives the cage, by using'a power
% rectifier (hereinafter referred to ‘as a converter) comprising
5 thyristors and a power inverter (hereinafter referred to as

an inverter) comprising a transistor and a diode.

Description of the Prior Art: |
Fig. 1 is a block diagram illustrating the structure
of a conventiocnal apparatus for controlling the speed of an
10 elevator, which is disclosed, for example, in'Japanese Pated. .
Laid-Open No. 162978/1981, Qherein reference numeral 1 denotes
a three-phase AC power source, reference numeral 2 denotes
a converter which consisﬁs of thyristors and which converts
an AC power source voltage into a direct current, numeral 3
1y denotes a capacitor for smoothing the outpﬁt of the converter,
numerel 4 denotes a converter which congists of a transisﬁcr
and a diode, and which converts the DC voltage smoothed by
the capacitor 3 into an alternating current of which the voltage
and frequency can be changed, numeral 5 denotes a three-phase

20 induction motor (hereinafter simply referred to_as an electric



% speed detector such as tachometer generator which is directly coupled

the electric mbtor 5, nuneral 7 denotes a sheave rotated by the electri
potdr 5, nunmeral . 8 denotes a rope wound on 'the sheave, nuneral 9 denotes
& cage coupled to an end of the rope, and nuneral 10 deénotes a counter

wei ght coupled to the other end. of the rope. Reference nuneral 11 denotes a
. speed. i nstruction generator which generafes a speed instruction signal 1la,
10 nuneral 12 denotes a speed control operation circuit which conpares the

djn tion sigpal |1 | t d, si . 6 h
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frequency instrugt (gD $igaked2bsdd alsh@abiiifdted’ génerHicy GREEnMMEr l 13
denotes 15 a voltage detector which detects the voltage across the ends *
of the capacitor direttiieronupldd denathes elievtticgetoond s olumegedali on circuit.
whi ch conpares the output instruction signal 12a wi'th a voltage si qu 13a
‘of the voltage déedetes 2 Fheape FURCE RYVvBIY HJESHRLE rAREFoR sP , |
nunmeral 15 denotes .20 _a phase_circuit WE gner apes. aat § RULSEess to
control the t yr?sfiSP%t?‘?gt r@Bﬁsﬁ‘fnul# &Mt iégcl}ol%vert’er in response to the
vol tage instructigeStaiiled RENES Andl @£deRO RSped avia] hBEGAalNIO T Aeid s
generator circuit which generates a voltage instruction signal of a
si nusoi dal wave mespumséw evelightheowriedd toi tmlotderarnd (9% 48 FOP*equency
' nebruction Reference numeral 11 denotss a speed instruction
"generator which generates a speed'instrﬁction signal lla,
%-J 106 numeral 12 denotes a speed control operation circuit which
- compares the spéed inst:uctioﬁ signﬁl lla with a speéd.signal

6a of the speéd detector 6 to produce an output instruction

signal 12a for the converter 2 and a slip frequén;y instruction -

fsignal 12b for the inverter 4, reference numeral 13 denotes’

I a voltage detector which detects the voltage across the ends
- of the capacitor 3, numeral 14 denotes a voltage control
operation circuit which compares the output instruction

- signal 12a with a voltage éiqnal 13a of ;he'voltége detector .

C

.13 to produce a voltage instruction signmal, numeral 15 denotes
10 2a phase circui= which geﬁerates'gaﬁé pulses to con;rcl the
. thyristors that constitute the converter 2 in rééponée to
the voltage instruction signal, numeral 16 denotes a
voltage instruction generatof circuit whiqh generates a
voltage instruction signal of a sinuscidai wavelkespohsive_

.:lg' to.the-speed'signal 6a and the slip frequency ihstruction



-

. signal 12b, nuneral 17 denotes a voltage detector circuit which détects the
output »vol tage of the inverter 4, nuneral 18 denotes a pul se-width T
ation conparator which conpares the voltage instruction signal of ther
vk age instruction 5 generator circuit 16 with the voltage signal. of the
vol tage detector circuit 17 to generate a pul se-w dth nodul ation
instruction signal, nuneral 19 denot®s a base drive circuit- which,
responsive to the pul se-wi dth nodul ati on instruction signal, generates.a
gate signal ¢ignednizw) nulieril Awidehoted (a Wailthgeodstddadiresitheit Nverser 4.
In the thus constructed apparatus for controlling the speed of an elevator,
a three- phashisl detacige the esutnul vedtagrl efhnsbenhtavertesudin surexg@dnverter 2

and the capagitor 3. :An _AC voliage of i ch the_pul se wi.dth i s nodul ated
by the | nverferehotés ahani SR el sty shpprfital wHich SOmafRE cage o
starts to ryfe 4blidds ihsBBucitf %E!&ﬁ&'ld@é %Eo{roﬁtéifé Qekerbbeidevol ving :
speed of the electric nmotor 5, and applies the speed signal 6a of cage 9 to
- the speedy caehepdtmperiatudn D) wiithcthé W) nalyec bigmaipaifesheé heotaged si gnal

6a with the speed instruction signal |la to produce an qutput instruction
‘signal 12a &%GeRteF PrrrdfubhciP 983eFRER ipPUdsgrEtdtFeghiekiof e applied to
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which, responsive to the pulse-width modulation instruction -

signél, generatés'a gate signal to_control.the_transistdr o

o which_consﬁitutes.the iﬁverter 4, . e
In thé :hué_constructed apparatus for contrdlling“.
the speed’ of an_elevétor, a three-phase Ac_vdltaqé is rectified
and smoothed through thé-converﬁér 2 and the_capacitér'B. -An
AC voltége of ﬁhich Ehe pulse width is modulatgd by the inverter
1S 4 is thén'supplied to the electric mofbr 5, and the cage 9
starts to run. .

_ Aﬁ this ﬁime,'ﬁheispéed detector 6 cetects the
révolvinq.speed of the eiectrié motor 5, and applies the \g/_
speed signal 6a of cage 2 to the speed control opératicn

29 éircgit 12 whiéh compéres_thé speed signal 6a with the speed v,
instruction signal lia to produ:e.an output instruction signal |
12a and a slip freéuency_instruction signal 12b which are
applie& to the.volt#ge control_bperatioﬁ circuit 14 and.to

the voltage instruction generator circuit 16, respectively.



Wth the out put instruction signal 12a as a setpoint value and with the
speed signal of the voltage detector 13 as a value that is fed back, the 3

vpl tage control operatioh'circuit 14 produces a voltage instruction 5 "{[ED
signal, so that the deviation between these two values wll beconme zero.

The phase circuit ‘15 then receives the voltage instruction signal and
controls the thyristors of the inverter 2. Relying upon the slip frequency.
instrugtion signal 10 12b and the speed dgnal 6a, the voltage instruction . -
genera?o@icircuit 16 produces a voltage, instruction signal of a sinusoidal
wave that will be appligdthothle cRitpu® Winddryixidmts DfngnpAsat @s 48. Wth
the vol'tage-instruction signal as a setpoint value and the voltage signal

of the voltagge€ssetovalSe GhBCWikhl khds shaect UHidhal o5 £xd Patkagkhe
pul se-w dt h nodul ati on conparator 18 produces a pul se-w dth nodul ati on

instruction sigoettegolihas theadee ahaw etfimbbddieseeval wektage!l becone
zero, and applies the pul se-wi dth nodul ation instruction signal to the base

drive circuitcdfityblcopebaridfi edrcudts U orimiircasira endlodgéhinstirectéond.
“Thus, "the voltage and frequency applied to the electric motor 5 are
control | eds asilghaak, specthat the dagdarion dwmitwedn cthesectwel yaiues will
accordance with the -speed instruction signal 1la of the speed instruction
generator 11.become zero. The phase circuit 15 then receives the voltage

~ - instruction signal and controls the thyristofs of.the inverter
. | _Re;ying upon the slip frequency instruction signal

i? 12b and the spéed signal 6a, the voltage_instruétion generator
circuiﬁ 16 pfpduces a vcltage instrgcticn.signal of a sinusaigél
wave that will be apélied to the pulse-width modulation
comparatcﬁ 18. With the #oltage‘instruction signai.as a
.setpciht value and the voltage signal of the voltage detector-'

IS circuit 17 as a value that is fed back, tae pulse-width

(O 'moaulétioh compérator 18 pr;duces a pulse-width modulation |
instructién signal,'so that the deviation between these valﬁés
will become zetq, andfaéplies the_pﬁlse-width.mbdulation
inétruétich signal to the base drive circuit 19 which then

lb _ébntrols the'bésé:cur:gnf §f the inverter 4.
| o Thus, thé voltage and frequency applied to the
electric motbr S are contrdlléd, and the speed”of'the cage
§ is'cqnﬁrolled p;ecisely in accordance with the speed

instruction_signél lla of the speed instruction.generAto; 1l.
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.Fig. 2 is a circuit diagramwhich shows in detail the aforenentiored -
vol#age control operation circuit 14 which consists of resistors 20 and 21
@li ch the ends on one side are connected to the speed control operation &
uit 12 and-13 the voltage detector 13, respectively; an operdtional -
anplifier 24 of which the inverting input termnal (-) is connected to the
ends on the other side of .these resistors and of which the output term nal
is connected to the phase circuit 15; @ resistor 22 and a capaci tor 23-:are
connected between the inverting input Termnal (-)of the operati onak”
amplifier 24 and the output, term.nal of the operational anplifier 24, and a
conparator 25 of whi cEigne 4 Ffutd (S5l d52geamerhignt ghews dm getail
term nal of {he gperational lifier 24 and fhe other inpyt term_nal is.
connected t 5h8 REPERBABELARAd,JOTSAGY ‘CAREERY DPSTAFLAT RELEULSL & Sitvichal
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output terminal is connected to the phase circuit 15; a residwbr

22 and a capacitor 21 are connectéd between the_inverting-
10 input terminﬁl (=) of the'operatidnai’#mplifie£}24'and Ehe
output terminal of the operational ampiifier 24; and a
comparator 25 of which one inpﬁﬁ terminéi'is'cénnected to
the output terminal of the cpe&atibnal amplifier .24 and the.
other input terminal is chneéted'to a féference voiéage_vref,
Iy .and of which the output terainal is'cohnéctéd to the phase R
circuit 15. | h R
In Fig. 2, as Ehe'#oltagé inétruétioh.éignal 122
' is applied through thg resistor and the voltage signal l3a
_throuéh'thé resistor 21, a V61tage-5ignal.24é'cbrresponding
10 to the difference between the #wo ihput signals.is'apéliéd
to the phase circuit'lﬁ,. The gomparator 25 determines the
 level of.the'voltaQe signal 24a. When the'ievel'exceeds
a pfedetermined'value; a signél'is appiied to the phase
circuit 15 to effect regenerative opeféiion'éq aslto ceturn
25' eiectric.power from the motor back to the power soﬁrce, i.e.,
.a bank switching sighal 25a3. of the éonvepte£12 is applied

to the phase circuit 15.
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In-the speed control apparatus of this type, if the power source voltage j#
denoted by [err], and a nmaxi mum-out put voltage of the converter 2 by ED ,
whi | e- negl ecting the voltage drop of the thyristor, there exists a relati®
[err] .[err], now t he poirer source voltage [err] drops due to-sonme reasons,

t he out put voltage of the converter 2 drops; also. Therefore, the output =
vol tage of the operational anplifier 24 increases to conpensate for .the

vol t agg drop. Wien the voltage drop is reﬁatlvely great, - however, the

out put \goittage signal 24a of the operatlonal anplifier 24 saturates froma

time [err] to a tine [erg] er t an E’cgol?’a ggg.at&%\b@ggﬁes @%{;C{{ﬁ%}ia

S|gnal 12a often becones gre e voIt e sl gha

t put '
bt o nea. 1o A b Lol L IBRANERICRYS I SR 4 diind e

nverter power img

operation 10 LRf JLALNGE %ﬂé/ecé’ﬂi’@é éOnz(Qg;tnwa&'l“ehn%@Ie@#i eé‘f‘&txfdftaqe -

power is returned fromthe electric notor ck to the power sourc

operation of tdigd Fpaiy 0&£m21.5~ $€oflp! exededuRikest Ae relaidid &) oi ﬁhsas (vi.
~operational -anplifier 24, and 10 the voltage rises across the t2r mi nal s o‘?c

the capacigtor 3. Furtherh snmetﬁéepwa@rsaayeeequlu‘aq@evs larpd tddeceoses

difficult to control- the current on the regenerative side®9.e., an excess

cur{/ent f1 ows soriep deasddy/; | iorobepktonolhagecgEnthal iconvairier 2 drops,

alsq. Therefore, the output voltage of the operational
s amplifier 24 increaées to compensate for the véltage drop.

When'the vcltage dr6p is relatively_gfeat} however, the

lo foutput voltage siQnal 24a of the operational amélifier 24

| saturates from a time ﬁl :o a time tz as shown in Fig. 3,

and the voltége instruction signal l2a often becomes greater
than the voltage signal ‘13a. Namely, the output corresponding
to the voltage instruction signal l2a is not-alﬁays obtained.

tS In this caée, if the'iaéertet.4 is §hifted'frcm the powering
dperation to the regenerative operation (during which opefation
electric poyér is returned from the eiectrip motor back to
the power source), operation of the comparator 25 is delayéd “
due to the saturation of phe obérational amplifief 24, and

10 the voltagé fiséé across the terminals of the capacitor 3.
Furthei, since tﬁe'power source voltagé is low, it becomes
difficult to control the current on the regeneratlve s;de,
i.e., an excéss current flows_ into the thyrlstor bank on

the regenerative side.




7 The present invention has for its object to elimnate the above-nenti oned
defB9ts.. According to the present invention, there is provided an. ’
apMe# Atus for controlling the speed of any, el evator, conprising a pawer *
rectifier which consists of thyristors and which converts an AC power
source voltage into a direct -current; a capacitor for snmoothing the direct
current. of said power .rectifier; a power inverter which consists of a

transi stor ‘andha preséhodenveaht odh cw etdrs jttke obGew el tagel sapeited by gaid
capacitor into an alternating current having a variable voltage and s«
var.i abl e ftheqabney-mentliohedhdesimppis es Adroralingr mat kthg presemt iroveitiAG,
electric notor that drives the cage; and a control circuit which conpares a
speed i nsthPBELi éA BFBnafedsan fIRPERAtMScHPE wionlsralderacted speed ofvhich
produces an out u% instructjon signal for said power rectifier and a slip
frequencyaPnggFuE Pbn SPTRSIS¥Y} ‘said power inverter, which.controls the

oo 32, BPUEE £ LAt e ARV BRSO

and Vi ch con e pufse-w nodul™a

‘based upogqagides! kR xtewpysmah u@tﬂt%esiia@a' a WeLEL n?éﬁ]&@;)n”ol

circuit has a voltage detector etecCts the voltage o e AC power
source, and aaht@p8tiitor for smoothing the direct current of said power

rectifier; e
_a-power inverter which consists of a.iraﬁsistor and a'
10 diode, which cdnve;ts the DC voltage smoothéd by said capacitor \‘af
into an élternaﬁihg current having é-Qafiable'voltage and .
a variable frequency, and which supplies_tﬁé alternating-currént
ta an AC electric motor that drives the cége;'ana |
a controljcircuit which compares a speed instruction signal
i for said cage with a'detécted speed, which prﬁduces an outpﬁt
instrdction signal for said power rectifier and a slip frequency
instruction signal for said power inverter, which coﬁtrols-
the phase oflsaid power.rgctifier based upon the butpui instruc- -
tion signal, and thch controls tﬁé pulse-width modulation .o
20 of said poWe; inverter Eased upon said slip frequency instruction\~a
signal; : _ _ f - .
wherein said cuntrolldi{cuit has a voltage detector which
~detects the voltage of thé AC power saurce, and a minimum
'vglue select circuit which redeives the output signal of said
4 voltage detector as a first inpug, receives said output instruc-
tioﬁ signal_aé-a[secohd input, compares these two ihputS-

and produces a signal having the same level as the signal

"of the lower level, and wherein said control circuit supplies,.

w oo



val ue sel ect circuit mthh receives the output signal of said 25 vol t age
detector as a first.input, receives said output instruc- tion signal as g5\
second input, conpares these two inputs. and produces a signal having t ﬂ;}
sanme | evel ,as the signal of ‘the |lower |evel, and wherein said contro
circuit supplies,. . as a corrected output instruction signal, the output
signal of said nlnlnun1value select circuit to said power rectifier to ~
contr ol the phase thereof. BRI EF DESCRI PTI ON THE DRAWNGS Fig. 1 is a

bl ock ramilluStrating the structure of a*onventional apparatus for
controlllng the speed of an elevator; Fig. 2 is a circuit diagram which
illustrates in detail the major elenents of the apparatus for controlling
the speed; Fig.as éSc@cﬂ&\/c%fdoromtg'b%gﬁﬁﬁtf@ét%rms’ﬂq}lﬂg tthe burgLtosighatl he
apparatus for controlling the speed; Fig. 4 is a block diagramillustrating
the structure off aswapparraimum valueostiebti aprddiet speeadth iaf paneel e¥atofier

according to an enbodi nent of the present invention; Fig. 5is a
wavef or m di agr ate farntenqdl ditei rgaseethaneefon of t he above enbodi nent; and
" Fig. 6 is acircuit diagramwhich illustrates
s " BRIEF DESCRIPTION OF THE DRAWINGS
N '

Fig. 1 is a block diagram illustrating the structure of

" a conventional apparatus for controlling the speed of an elevatof;

~ Fig. 2 is a circuit diagram which illustrates in.detail
the major élementa of the appafatus for cthrolling the speed;
e | Fig. 3 is a wavefarﬁ diagram fof expiaining the function
of the apparatus for controlling the saeed;'
Fig. &4 is a block diagram illustrating the structure of
an apparatus fo; controlling the -speed of an elevator according _.
to an embodiment of theapresent invention;
-



in detail the major elenents of the above enbodi ment. DESCRI PTI ON OF ‘"THE
PI RRED EMBODI MENT Fig. -4 is a block diagramillustrating the structuré
of apparatus for controlling the speed of an el evat or accor di ng to an ¢
embodi nent of the present invention, wherein the sane freferenée nunerals as
those of Fig. 1 denote the 10 same el ements. - Wiat nmakes this enbodi ment
different fromthe apparatus of Fig. P is the provision of a vol t age
detector 26 that detects the AC power source voltage, and a m ni mum,vag ue
sel ect ci rcw t 27 thafFigecd®idfed aavefce*-‘evgélesga!al fom #xaiaining diteage

det ect or gnd an outfpﬁé I nstruct nal &5 12a of the speed control

operatlon Ci Bﬁ?’imf’z" \d %Doqr‘ﬁfa t #B%si gnal s, "and that applies, as
a corrected output ingkguctigNa al§égfglqlfg@ugﬁgwﬁ{& Ilowagtlﬂ@ than to the
vol tage control operation circuit 14. Fig. 6 is a circuit diagram

i 1l ustratingihndeletiali th@0maide edemastsires the sbeve cntbagémert oct or 26 and
t-he m ni mum val ue select circuit 27. First, the voltage detector 26 is
conpri sed of a three-phase transformer 28 (hereinafter referred to as

L1 anstor ) O W0k oh gkl A g SR dageRAR riggie AC DOt sou o
transforner 28 and whipgh.is JTHi('a'.ebMBcI@fdJ.%g)raﬂ' Qﬂﬁﬁs&&t&.ﬁg?’ﬂhé hatruatere -
bri dge- connected, and a | W
of an apoaratus for controlllng the speed of an elevator -
acccrdlng to an embediment of the present invention, wherein
the same reference numerals as those of Fig; 1 denope.the o
/¢ same. elements. What makes tnls embodiment dlf erent from |
lthe apparatus of Fig. 1l is the provxsxon of a voltage detector
.26 that detects the AC power source voltage, and a mlnlmnm '
value select circuit 27 that receives a voltage s1gnal 26a
. of the volteQe1detector 26 and_an output instruction signal
17 1l2a of the speed control operation clrcuit 12, thet compares
these two signals, and that applies, es a corrected_oufput'
instruction, a signal having the lower level than to the ;_;
voltage control operation circuit 147 | |
Fig. 6 is a circuit diagram illustrating in detail U,
10 the structures of the voltage detector 26 and the minimum value
select circuit 27. First, the voltage detector 26 is comprised
of a three-phase transformer 28 (hereinafter referred to as

transformer) of whlcn the primary s;de is connected to the

ac power source, a rectifier clrcu;t which is connected to



N
resistor 35 and a capacitor 36 for snmoothing the rectified output. The
m ni pum val ue select circuit, 27 is conprised 5 of an operati onal anpllfléﬁég)
37 which receives the voltage signal 26a of the voltage detector 26 through

a non-inverting input termnal- (+) thereof and which receives the output
instruction signal 12a of the speed control operation circuit 12 through an
inverting input termnal (-) thereof vig an 10 input resistor 38, a diode

.39 Wthh is connected to the output of the operational anplifier 37 so that
the opé(dti onakhangdddnidary3gide lof eperatansebinei i 26clapdwhieics yschadé on
betmeen he vol t'age signal 26a and the output instruction signal 12a is 26a
< 12a, and a buefef ﬁ%#pﬁi?ﬂ%ﬁ Z&)t@h?tHﬂﬁébéF§e§r¥4ﬁ9'Esnn€Eﬁ$ﬁn agd ahe

operatlonal amplifier g whi_ch a corr ted ut put,.i.astruction
SFgnal | 27a whi PRt 28R 3 ReBarEher 7 3oR Pty Tiies 08I THAERE Vo ( age
signal 26a. Thguimpe! i @he Ohididimt ba&;@weeucgfﬁl:ﬁmoaﬁawscg—%@em roll'ing
the speed of an elevator w Il be described 20 here bel ow by mainly _

enphasi zi ngdt heffamtapegs tivmalh adipdi £ bepi Whwhhes mevdsddesetite frodtaghe

appar at us of Flg‘{.I 1. First, the voltage detector 26 detects the voltage of"
the AC power s8Rl 262,08 thevedéage datesyer s7¢)throsgh %fn‘i%é"‘gﬁﬁ’éi‘k‘i nd as
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greater than thﬂstructzon signal 12a of the speed control operatidn circuit
12 through an inverting input-te:miﬁal (=) thereof via an
NN 10 input.resistor 3#, a diode 39 which is connected to the output
of the operational amplifier 37 so that the operational
'ampl;fier 37 will opetate effactively when a relation hetween
tthe voltage signal 26a and the output instruction signal 1l2a
is 26a < l2a, and a buffer amplifier 40 which receives the
15 outpﬁt_of the_cperationel amplifier 37 and which prcduces
a cotrected output instruction-signal 27a while suppressing
the szgnal 27a below the level of the voltage signal 26a.
 The function of the thus constructed apparatus
for ccntrclling the speed of an elevator will be described
. "0 here below by mainly emphasizing the features wh;ch distinguish
';thls embodlment from the apparatus of Fig. l.
_ First, the voltage detector 26 detects the voltage
of.the AC pcwer source 1, and applies a voltage signal 26a

~of the same kind as the output instruction signal l2a to.

vr the operatlonel amplifier 37 of the minimum value select



output instruction signal 12a, the output of the operational anpllfler 37
| nval i dated by the function of the diode 39, .whereby the output :
Fgg?{uct|on signal 12a becones equal to the output of the buffer anpllfler
407 and an output instruction 27a equal to the output ‘instruction-signal
12a is produced. Then, as the voltage signal 26a becones snaller than the
output instruction signal 12a due tol{a drop in the AC 10 power source
vol tage, the operational anplifier 37 becomes effective, and the ouj pwt

Jinstruction signale 372 ife lind (8Ptife td1gnhEVBha Ofs LReavOLtAGE thgnal~26a of
t he vol tage detector 26. Thus, the ™ ninum value sélect circuit 27 receives

15 the out podtpud tLagersd gica si@nabflz,ahetueld:xaqmu:leﬁecheron’ﬁ&moaail rst
i nput , recelves the output instruction S|gnal 12a of the speed control
operation ci#eRAifiey 3% 5 JaWaRddrERLY & ﬁpﬁ‘i‘%‘“{q‘i‘eeé ER® G466t 327 and

produces a 5| nal, h corresponds t.0 th | owey put..si gnal . Flg' 5
illustrates % eﬁ"é't t“% te"’rue z‘f \%ge\?]c--on wefiteas 7tahe oot %)%t cttl,“ondlcf‘l on of the

operational gudlddehet Sf Qe Eﬁ@;!@'éﬂ%f@@ﬂtl@l sHEehat b@fpuw rcuit 14. As
long as the-voltage signal 26a remains |ower than the out put instruction

signal 12a, imetmuctpon 2Tetequeli bo Sigmaltpifainstruckiondsignad 28a t he
out put i nst rggtplr%réug;g. IS appl | edlto t he vol tage con; r ol
Then, as ths voltage signal 26a becomes émaller than
the cutput instructica sign#l 12a due to a drop in the AC
{0 power source voltage, the operational amplifief 37 hécomgs
effective, and the output instruction-éignal_ZTa is limited
to the level of the voltage signal 26a of the voltage detecﬁqr
. 2. | |
Thus, the minimum’valﬁe gelect circuit 27 receives'
s the}output voltage signal 26a of the vcitaqé detector_zs as
a first input, receives tﬁe output instruction signal 12a of
the.speed-control'operéticn circuit 12 as a second input,
compares these two inputs,fand'produces a signal whicﬁ , o’
corrésponds to the lower level input signal.
o Fig. S'illustrates'a relation therebetween, as well o/
'as the output condition of the operatzonal ampllfler 24 of
the voltage control cperatzon circuit’ 14, As long as the
voltage signal 26a remains lower than the output instruction
signal l2a, the output iﬁstrucéion signal 122 is limited, and

the output instruction 27a is applied to the voltage control



12- operation circuit -14. Accordingly, the operational anplifier 24 does
npt .saturate, and the voltage across the termnals of the capacitor 3 igsZ -
nmai nt.ai ned | ow as will be ‘obvi-ous fromthe voltage signal 13a. Therefor@) -
an excess current is prevented fromflowing into the converter. \Wen 0¥
out put voltage of the converter 2 is |oweed, the output voltage of the

i nverter 4 decreases al so, and the- out maveforn1therefron1approaches a
squar e-wave, ‘causing a sinusoi dal waveformto be slightly distorted. This,
howevers, 10 dpesaambnceﬂseuamylsubsmmuordzﬁgnﬁranhe operhelonalrahpleze"
characteri stics. According to the present invention as will be obvious from

~ the foregoi ng2dledoesphotn sattue am/e rarsb urlne waol tage acrdssethedtamminads of -
output instructiondis linmted to a |low value. In the regenerative -

operation, thbhefoapacitorxdeds mainsiainiesd ridw abs ywihldvbeat otivicus firow rehe
into the thyrlstors that constitute the converter. 1. An apparatus for
controlljng tveltpgedsédcnad didauat Fhensfigne sian . excesferurtents isr prevented
consi sts. gf- thyrlstors and whi ch _converts an AC power source voltage into a
di rect cdbrenfrOQ gipwdngodnter thep R R ERR: direct current of

When the output voltage of the converter 2 is lowe ed,

N2  the’ outout voltage of the inverter 4 decreases also, and the
output waveform therefrom approaches a sguare wave, causing |
N/ a sinusoidal waveform to be slightlj distorted. This, however,
{10 does not cause any substantlal hindrance in. the control
characterzstics. |
According to the present invention as will be obvious
from the'foregoing description, the power source voltage is
deteoted and the ootput instruction is limited to a low value.
/j'; In the regene:at;ve operation, therefore, an excess current B
is rellably p:evented from flowing into the thyrzstors that

constitute the converter.
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. said pomer rectifier; a power inverter which consists of a transistor and a

di. whi ch converts the DC vol tage snoot hed by. said capacitor into an
al atlng current having a variable voltage and a variabl e frequency, and.
whi supplies the alternating current to an AC electric notor that drives

t he cage; and a control circuit which conpares a speed instruction signal
for said cage with.a detected speed, which produces an output instruction
signal for said power rectifier and a slip frequency instruction signal for
sai d power inverter, which controls the #hase of said power rectifi thased_
upon the out put instruction signal , -and which controls the pulse- o width -
nmodul at i on 1J§ﬂL power i nverter. based upon said slip frequency

instruction stgnal; wherein said control circuit has a voltage detector *
whi ch detects the voltage. of the AC power source, and a minimm  val ue
select circuit which receives the output signal of said voltage detector as

a first input, receives S@'ldar#‘é?é'ﬁué n§5£‘“85h9°‘o§.'l§.@s%]altaie asPSe nodf i Jiput ,

conpares these two inputs dices~a avi*ng he 5 sane

| evel as t@qéyggyy ‘Hoé#?i { level, and wherein said control circuit
utpu

suppl i es, correct |nstruction signal, the output signal of
sai d ”1n|”U”1 : a power recti:ier which consists of thyrzstors

and which converts an AC power sou:ce voltage into-a direct

|

current; :
| a oapacitor for smodthino the direct current of ~
said power rectzfler,'
a power inverter which consists of a transistor
and a diode, which converts the DC voltage smoothed by said
I capacitor into an alternating current having a variable
-voltage and a Qariable frequency, and which supplies the
alternating current to an AC electric motor that drlves
the cage; and ' . o NS
a control circuit which coméeres a speed instruotioo |

!5' signal for said cage with a detected_speed,'which produces ao‘)

output instruction signal for said power rectiﬁier and a slip
frequency instruction signal for said power inﬁe:ter, which
controls the phase of said power rectifier based upon the
outpot instruotion signal; and which-oooﬁfois the pulse-
10 width modulation of said power invertér based upon seid
slip frequency instruction signal;
| wherein said control circuit has a voltage detector

which detects the voltage of the AC power source, and a minimum



10 - 2. .An apparatus for controlling the speed of an el evator
according to claimi, wherein said control circuit further .conprises: a v
vol tage controlcircuit which receives said output instruction signal of
the speed control circuit and a voltage 15 signal that represents the
out put "vol tage of said power rectifier, which conpares these signals, and
whi ch' produces a vol tage signal ‘to control said power rectifier: and
wher ei Igai d ni ni num val ue“sel ect circldt is connected between said speed:
control circuit and said voltage control circuit, and the output signal of
sai d mini mum yal ue sel ect ,Si I s, suppl.ieqd to said voltage ¢ontr.ol
circuit. Xge se ﬁ"&pﬁéﬁ'ﬂi}é‘ f‘tS‘FiEBngFSP&Vﬁ& ttﬁte s‘b‘éﬁaugf signale@f or
according to wherei n when_said el ectric not isin.a
power i ng ndﬂ%fafvg%EFﬂﬁréﬁtQQﬁ?ﬁrﬁ§i§tSi§3$f 4F pohRFe ESFrﬁP&P are
rce into a direct current

operated to conv the o t.put aid power so

that will EBBEI&BHtFB rﬁﬁ&ﬁ n&r ePQ&ﬁPéntﬂP%BEratrng S&Mpar ,

electric nmotor in regenerative, node of operation, h tors are

oper at ed to%ef"["’aigi’ﬁ;@t' @R ent- i ntBE u&l‘tseﬁa!{]%ai % Pgwﬁ:rh@n from
sai d power inverter is S
: _ ?E same level as the signal of the lower level, and wherein

%_-
value select circuit to said power rectifier to control the phase thereof_
&

said_control circuit supplies, as a corrected output
U instruction signal, the output Signal.of said'minimum
value select circuit to said power rectifier to control
the phase thereof. |
)0 ' 2, An apparatus for oont:olling the speed of an
elevator according to claim 1, whereiu said control circuit

further comprises: .
a voltage oontrol circuit which recelves said output
instruction signal of the speed control circuit and a voltage
lfsr signal that represents the output voltage of said power
o | rectifier, which oompares these sionels, and which produces
_ a voltage signal to control said power rectifier;
and vherein said minimum value select circuit is
'oonnected_between eaid epeed oontrol cirouit~and said voltage
§LC§ oontrol'cirouit, end.the output signal of'said minimum value

select signal is supplied to said voltage control circuit.
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' s -~
-10 returned back to said power source. 4. An apparatus for control ling

~the ed of an elevator according to claim3, when dependent on claim2',
mheréga said voltage control circuit conprises : an operational anplifier =«
whi ¢ eceives a signal consi- 15 sting of said output ‘instruction,signal

and the output voltage signal of said power rectifier, and which supplies
an output signal to a phase circuit that gherates gate pulses to contro
sai d power rectifier; and a conparator which receives the output signal of
said 20 operational anplifier through one of its input term nals, whkﬁﬁ

_receives a predeggrni@ﬁdarﬁgggyygégggtéggﬁftjif“bcgwpaéﬁgeéhg'ea-npUts,_

and whi ch supplies an outgut signal to sal ase’clrcul o that the

thyristors gieghtBer akhe sRAWR itd it oF ey gﬂ-‘r‘@ﬁé%i ¥BeR! Qsip‘;giékgric

power 25 rectifier are rendered conductive. . n appar at us

control Iingnbberspeednota powelra\Rf Mol ¥ Hgwr 4 PieNy PheCer)PIsebakm
wherein said vol tage detector conprises: a transforner havi ng the primary

si de ther eodf5sai@opaweredelc® iFaiet RAMEToFEEE] Bo T€ShVEFET thEI BUtbut
connected to the secondary side of said transforner; and a snoothing
circuit whieh sandt pewetrhecuriceutintfo a direct current that will be
supplied to said poWef inverter and, Fbr operating said ‘-)
electric mbtof in a regenerative-mdde-of operation, the. -
thyristors are qperated to convert a direct current ;hfo \;)
an alternating current which from said power inverter is
10 returhed back to said péwer source. |
4.  An apparatus for controlling the speed of an
elevator acco:ding to claim 3, when.dependent on claim
2, wherein said voltage_gontrol ciréuif comprises :
| an:ogeratiqnal aﬁplifie: which ieceives_a signal consi--
15 sting of said output inst:uction_sigﬁal énd'the outpgt
voltage signal of said p@wér rectifier, and which supplies
an output signal-to a phase circuit tha£'gen§ra£es gate
pulses to contrqi said pbw?r réctifier; and
a compafatof which receives.the agutput signai of said
.20 oberational amplifiér tHrdugh one of its inpdf terminals,
which-receivés'é predetermined :eferénce-vbifégé,:which
compareé tﬁeée inputs, and.whicﬁ supplies an ouﬁput'signal
to said phase circuit, so thét.the.thyristors of either
the powering side or_the regenerative side of said power

25 rectifier are rendered conductive.
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Said recti-fier circuit and produces an output as the detected 10 volta
6. .An apparatus for control]ing the speed of an elevator according to an&iﬁy
preceding claim wherein'said mininmmvalue select circuit conprise: an
operational anplifier which receives said 15 output instruction signal and
a vol tage signal of said voltage detector; and an anplifier which produces
the output of said anplifier as said corré@ted out put "instruction-signal.

7. An-apparatus for control ling t he speed of an 10 elevator according to
claim6, wherein said operatlonal

has vol t age signal pried
t hr oigia non- invertings ngth ?ﬁn%ﬁ?s ﬁ%?eﬁ?n hag'lé'& 9d 5'5’{%" ot'a
I nstruction signal Il ed throu an invertl n er h f, .and
the out put teFﬁﬁﬁﬁr %ﬁﬂQF%ﬁﬂﬁgg?o%%X Bhpts Egn ?ggc%hnghggh bogtﬁg
cat hode of a di ode of ch_the_an connected to said output
anplifier. 8. V°é§? dghgﬁ %°fo?°m§g??%§llng t he speed of an el evator

substantially as here| nbefga%éj_eé&éped %{_}E_l&efcﬁreggqmggflsqtgeesc.égg&.ﬁ

of the acconpanylng dramnng
. connected to said power sourc

a rectifier circuit connected to the secondarv
~ side of said transformer; and |
| "a smoothing circuit whicn'smoothes the output of
said reotifier circuit_and produoes.an ocutput as the detecteé
{o _voltage; | |
6. An'apparatus for oontrollino the speed of an
elevator acoqraing to any preceding claia, wherein-said
minimum value select circuit comprise:
an operational amplifier which receives said
IS output instruction signal and a voltage signal of said
N voltage detector; and | | | |
an amplifier which produces the output of said
N amplifier as said corrected'outpnt instruction signal.
| | 7. An apparatus for controlling the speed of an
10 elevator according to clainm 6, wherein said opefational
“anplifier has said voltage signal applied through a non-
inverting input terminal -hereof, has said output instruction
~ signal applied through an inverting input terminal thereof,
oand the output terminal of said operational amplifier is

25 connected to the cathode of a diocde of which the anode is

'connected to said output amplifier.

- 8. -An apparatus for controlling the speed of an
elevator substantially as hereinbefore described, with

reference to Figures 4 to 6 of the accompanying_drawings.

~ L



