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-1- 2 21672 52 APPARATUS FOR CONTROLLI NG AN ELEVATOR The present inventi @y
rel ates to‘an el evator centrolling apparatus which enploys variabl e-vol t age
and vari abl e-frequency control (referred to as "VWF control"”, hereinafter)
and, nore 5 particularly, to the-handling of electric power regenerated
by the el evator hoist notor. Fig. 4Ashows a known apparatus for controlling

an-~el evator. Referring to Fig. 4, a converter 1 is constitut%;]il@??ogi@de
recifier which converts the alternating current fromthree-phase AC
2

mins R S. Tinto adire t.. A snpothing capacitor I S connect ed
to the DC side of the con%?"?%&ﬁ?}% RAGRA=T0n {“8&&-'- We8rter 3 is also
connected to the DC side of the converter 1. The inverter 3 is constituted
by a transistor 3a and a diode 3b in this exanple such as to convert a
constant DC voltage into a 15 VWF AC vol tage by pulse-width control. A
t hr ee- phase i nduction hoist notor 4 is connected to the inverter, 3. A hoist
5 is connected to the notor 4 through a shaft 4a. A brake 6 is adapted to
brake the hoi st 5.Tha prsisant dprention peistes twven dlegatxi séntxollimpge 8 and a

count er wei ght tjvel nhected to o Ssite ds 20 of the
mai n rope g %a?g% g%g'%geém Eﬁ%sr g’?’sﬂf eé‘r'l%ftﬂe Pﬁ’gp}éﬁﬁaggﬁfr&g%'i‘é’ a

speedonet er amdntralul refietréd ansiOMNEVE Woheloldo! sreSnd $¥R r § WndE Nbodel OW NG’
t hr ough %he notor, 4 éﬁcont roller 12, tg which_signals fromthe speedoneter

10 and the cuPPERRCULPEHYsr b7 (FBP Rapdling jofetectrifmoues feRRnerdteddy and

Kg}equency of the Lebtdr Abist3motod.he inverter 3. A resistor 13 is provided
t

U .consune el ectric power which is regenerated by the nmotor 4, while a
seri es- connect ed Fa6Gt tL KPPRE Br bRRsseRRarague SREreinsreidngnimefegrerat i on

Referring to Fig. 4, a converter 1 is constituted by a diode

rectifier which converts the alternating current from three-phase

10 AC mains R, S, T into a direct current. A smoothing capacitor 2 is
ccnnected to the DC éide of the converter 1. A.known PWM type
inverter 3 is also connected ta the DC side of the converter 1.
The inverter 3 is constituted by a transistor 3a and a dio&e 3b
in this example such as to convert a constant DC voltage into a

15 VWVF AC voltage by pulse-width cantrol. A three-phase inducticon
hoist motor 4 is connected to the inverter 3. A hoist 5 is connected
to the motor 4 thrcugh a shaft 4a. A brake 6 is adaptéd tc brake

the hoist 5. A main rope 7 is passed cover the hoist 5. A cage 8

CC

and a ccuncterweight 9 are respectively connected ts oppesi<s ends
20 of the main rope 7. The reference numerals 10 and il respectively
denote a speedometer and a current transformer which detects the
current flowing through the motor 4. A contreller 12, tso which
signals from the speedcmeter 10 and the current transformer 11

re input, controls the voltage and frequency of the output of

[
(¢

the inverter 3. A resistor 13 is provided to consume electri
power which is'regenerated'by the motor 4, while a series-

connected switching transistor 14 controls the cn/off operaticn



21 67252 -2- of the resistor 13 by either blocking or permtting current

fl ow t heret hrough. A regenerated power-detecting nmeans ||2' he formof ‘a

vol fage detector 15 is adapted to detect the voltage across the snoot hing *
capacitor 2 via |leaks or probes 15a. The neans 15 is 5 ﬁaeghezwen

the vol tage across the snoothing capacitor 2 ex- ceeds a pre

val ue such as to nake the transistor 14 conductive, thereby turning on -
resistor 13. The regenerated power detectifg neans 15 has heretofore bee*#
constituted by an overvoltage detector which is actuated whenever electric

power is 10 ner at ed. ar a imlar to the above- descrl bed
one has been shovx%fe% © AFS T &A%%lggg wﬁ%ﬁ? A e PRETRRFENY SUGE e ALND.

163276/ 1984) . Thetmzetmidugh. OA bégerekevs poweroaktdtihg GnedRPAALHS FRBRVME i N
Fig. 4 will now be described. 15 Whet her an el evator is operating

in a powered-runrft (191539 EeRASTPR b0 AERATOFET iSPedetarSi FRE PBEaSe scuessi thed by
the relation- Sh'QnaQGEWEa%]Jl&t&F'ﬂQEaO.ﬂceascpeor.cﬁg&e% Y Uﬂhé‘%egﬁg%ngé”s

and that of the counterweight 9 and the running direction
specifical 1Y, \Ahewmheecbagen 8=hPsV¢Ja=|a99cP°m$$ éhgesmdotying capati2or 2 ex-whi ch

corresponds to itg fi xg?,ﬁggggﬂ%wﬁ %qué";{xﬁ e% t"{naﬂ l&e a\/\zlxesrl_(sag%r:r LiFnl ng

state. In suchacase 'S Su ectric po romthé
converter 1, and d:dnauet:lv:e neheredgiturbidg by ofsikber Qver videt pgendeiwat or 15

bei ng actuat ed. g ot her hand, en t he cgge 8 is |lowered while
bearing a | oad 25‘:'°"""r %FSFF’e‘gngﬁiﬁﬁwd t77S) PRTSEORBER PRPAGOPFELTUNES MY B8R 4 Y

in the re- gener adve¥fofiadh Cdetob 86 whileh G@NYAHIaREd LineSefedNsiddett € by & s o
diode rectjfier, it is not possible to return thée regenerated pcwer to the

power sourtt R SFespneqasedt hildnrIRpesAtus\ERLIarcte (Ghe aRAverdessribefonpe
has been shown in the specification of Japanese Patent Laid-Open
No. 163276/1984). _ o i N )
The operation of the elevator controlling apparatus shown in
Fig. 4 will now be described.
15. Whether an elevatof is operating in a powered-running state
or in a regenerative-running state is decided by the relation-
ship between the weight of the_cage 8 including passengers, and
that of the counterweight 9 and by the running dirsction. More
specifically, when the cage 8 is raised while bearing a load

20 which corresponds to its fixed capacity, the motor 4 is in the

CC

powered-running state. In such a case, the motsr 4 is supplied
with electric power from the converter 1, and there is no possi-
bility of the overvoltage detector 15 being actuated. ©On the
other hand, when the cage 8 is lowered while bearing a lecad

25 corresponding to its fixed capacity, the motor 4 is in the re-
generative state. |

Since the converte* 1 lS censtituted by a dicde rectifier,

it is not possible to return the regenerated pcwer to the power

source R, S, T. For this reason, when electric pcwer is regene-



40 -3- rated, the voltage across the snmoothing capacitor 2 rises and AO
actuates the overvol tiage.detector 15 such as to nake the tran- sistor 14
conductive. Wen transistor 14 is conductive, current flaows through the
resistor 13 which dissipates or consunes the 5 regener ated power.

Since the regenerated power is thus consuned or absorbed, cage 8 is run at

a predeterm ned speed without any fear of its being |owered at an excessive
spéed. However, the resistor 13 is generall<g-installed in a machi ne room
(not shown) where the notor 4 and ot her devices may be 10 housed. As a
consequence, the heat generated fromthe resistor 13 undesirably raises the
tenperature of tFétehcliineralsasn apRess tthe smeosbing cafaciher riorosesiand

relativel y smal | ’acﬁbiéshgl?é OQE%ItL$ e%e&?otr fétJJ%HE;sy tsgnga!k%ugh é‘gg%\?;/;\r of

as the speed or carryling capacity o I NCr ease
the motor 4 15 sismsﬂAbmndnctieasedqhenAsramsta ed i@&dnﬁctmwaeuﬁy@x@f t he

notor 4 is incre ed 4_‘ ‘ﬁgmﬁr regeneriﬁe‘g_‘tﬂec; al so ‘i ncreases, "and t he
generation of he AR ERT (FESFBTTR eRCHEIIRAT S o SanTitRS| Ehe t he

ai r-cool i ngs capac':btgynerreebu Rtet O eaﬂée tche reehbrRel Gied! 80 cHRS €ShidibY

I ncreases, which fact di sadvant a- geously involves an increase in

the ccnsunption GF ¥/REFEGA FaEhS BEl'F‘H‘i Ay aPradefiesminedagprederithesrmny
el evator control lgng 2pped Mﬁglﬁw@@w&:'& s:gess‘ive d&e'éag o, the same

menbers or portions as those 1nh Fig. noted by the sane
ref erence nuneral s. Wemesnerresosm; ums genezedlbylnatamm 4 @r machine
rectifier. The eleJal Ers S flreg_A a f|r

13 m PEARE® TS FREP: & ?‘b‘?ﬁ%ﬁ ﬁgv*céggﬂ%yfgfed power

re.gener ative inver
to the power SOUIheesda. SAs a consequence, the heat generated from the resistor

13 undesirably raises the temperature of the machine room. When
the capacity of the motor 4 is relatively sma-l tiis heat prob-
lem is not extremely serious. However, as the spesd or carxying
capaéity of the cage 8 increases, the capacity of the motor 4
1s must be increased. As the rated load or capacity of the motor 4
is increased, the power regenerated thereby alsc increases, and
‘the generatioﬁ of heat in.the machine rocm aiso increases.
Consequently, the air-~cceoling capacicy recuired to cocl th
machine room also undesirably increases, which fact disacdvanta-
\ 20 gecusly involves an increase in the ccnsumption of energy in the
building as a whole.
Another known elevator controlling apparatus is shown in
Fig. 5.
In Fig. 5, the same members or partions as those in Fig. 4
25 are denoted by the same reference numerals. A converter 20 is
constituted by a thyristor rectifier. The converter 20 is fired
by a firing'circuit 20a. A regenerative inver=mer 21, which is
adapted to return the regenerated power to the power source R, S,

T, is consvituted by six thyristors 21t. A firing circuit 2la is



T, is constituted by six thyristors 2t. A firing circuit 2la is -4-
adapted to fire the regenerative inverter 21. A reactor }az is connected to
the DC side of the regenerative inverter 21. The reactor 22 is enployed to »
protect the regenerative inverter 21 when the converter 20 becones

I noperative as a result of an 5 undesirabl e stoppage of current from t.he
power source R S, T. An autotransforner-i23 is provided to nmake reliable-
the commutation of the regenerative inverter 21. The voltage of the .

autotransfornmer 23 on its regenerative inverter 21 side is slightly higher
than the vol t ageadiptbdaPeVEY t58UFdy@neratdve Tinvébeer 21. a reddtolhf: glevator
controlling apparatus shown in Fig. 5, the overvoltage detector 15 also is
not actuated whefPRAdEtefHBrthe PS ﬁiﬁ‘eaﬁ)@hmwepaﬁrﬁiﬁg invareer i2h. a Thenner

simlar to that pfckBe BPRaraiisyeade r.Jerg Qne 198 ﬁﬂ,g@@ the
firing circuit 20a actuates the conver suc 0 supp %FIC
power. 15 orwhenethr [converted, Zmnommime@atﬂm asm rasuusgeﬁearat i've

state, the vervoI grabeteé:torael%flg Fa& éb as nmake the firing
ci rcuit 20a i nop‘gf PV EnT- P8 T8 s e S Mgt PeYtR si‘i’écet B t$r & the
regenerative i nvef ta@tot¥hnsfdvmerf 2y iilgpzaivliaus thhRakec geTIRLAL BChepOVEr tO be
returned to the power source R, 'S, T via 20 the regenerative inverter

21 and the aut ot FHHEFH0Rr oD £he| FRGERETARING ARYRTEM Lol ITPAGVHLSASE AEUSES hown

in Fig. 5 the tiioksim¥esrmedl 287 & 10HUidcHe iR iPOSHRES S sfpﬁau yslarge
enough to return the regenerated power to the power source R, S. T, which .

fact di sadvant agtidgbtly ihaghsz sbamrhentaleage dff the pover Bpurce R, S, T Anot heru
Speci 1 caron of Japheesd fient: TREEALRs B0 00 B8 B Fho: Yediter at ed
power handl i ng aqnyivalnmge|datect?r_la_also is not actuated when the motor 4 is
in a powered-running state, in a manner similar to that of the
appératus sﬁoﬁn in Fig. 4. As a consequence; the firiﬂg circuit
20a actuates the converter 20 sugh as t& supply electric power.
15 ‘On the other hahd, when the motof 4 is in a regenerative state,
the 6veryoltage detector 15 is actuated such as to make the
firing circuiﬁ 20a inoperative andé to cause the firing circuit
2la to fire the regenerative inverter 21. This firing allcws the
regenerated power to be retgrned to the power scurce R, S, T via
20 the regenetative inverter 21 and the autotransformer 23. Y,
In the elevator controlling apparatus sphewn in Fig. 3, the L-/
thyristors 21t are required to possess a capacity large encugh to
return the regenerated power to the power source R, S, T, which
fact disadvantageously invo -es an increase in cost.
25 Another known reéengrated powe:'handlinq apparatus has been
disclosed in the specificaticn.of Japanese Patent Laid-Cpen No.
154380/1983 This regeﬁerated power handling apparatus is -

arranged such that, in a first stage of regenexration of power,



arranged-such that, in a first stage of regeneration of power, -5- the
regener at ed power is enployed as a power source for various controllers of
the el evator, and as the ‘regenerated power further increases in amount, it
is al so consuned-by a resistor, thereby elimnating any 5 need to
provi de an inverter for regeneratlon of &P&ctric power. In practice,
however, there are cases where it is not possible to use the

ol oyed 10 " hErERBIRREALR. Bhlel (B0 URRIESIATRE e, b RhbEe o,

arrangement is a¥aghans F@ﬂtppééﬁréapfutbe Bdevasor ,utind ast the of

regener at ed pomefegénéraeeerpbﬂékUEartaeéliﬁb@%&gebnlhhsmaaﬁ%'f %aE'O” of
UK. Pat ent Appllggtlon Publl ationNo. GB 2,11, ccoré to the

di scl osure, at t S?lﬁ@"ﬁPmﬁ BKeF FS?FﬁFervaFPGEngOﬁ##@ﬂnétﬁéar?§onr an
el evator aBe drimeadbyot peovsaeoénr tgeeeraredoporepgeneeatibat oche el evator
I s stopped at thglﬁggtegt # gr I n an apparatus having the above-descri bed
20 arrangenen v R regenerated power in a nornal operation is
handl ed i n a regenerated |nverter and returned to.a power source. In a

consequence, this apparihugrghégcgls§g%ggh H§E¥ %ggU|éggs wh%?§| rated

inverter which is high in suéh escr t|on to
Fig. 5. US PatlShB°t4P°§©3beOtG|BéBoSbs abVVVFdeBevabed asrangemepst em -

in which the reggner@ifdnBOPBer regeneration inverter is employed.
{ 10 Therefore, it is not always possible to say that such
. an arrangement is adequate for practical use.

Further, utilization of regenerated power at a
power failure is disclosed in the specification of UK.
Patent Application Publication No. GB 2,111,251A.

15 According to the disclosure, at the time of a power
failure various control circuits for an elevator are
driven by the use of regenerated power such that the
elevator is stopped at the nearest floor. '

In an apparatus having the above-described
20 arrangement however, the regenerated power in a normal
o ' operation is handled in a regenerated inverter and '

- returned to a power source. In a consequence, this
apparatus also disadvantageously requires a regenerated
inverter which is high in cost, such as that described

25 in relation to Fig. 5.

U.S. Pat. No. 4, 503,940 discloses a VVVF
elevator control system in which the regenerated power
is noramlly returned to the A.C. mains through a
- | regenerative ihverter. However, when an emergency

30 generator becomes the A.C. source upon failure of the
main A.C. sourde, the regenerative inverter is blocked
and the regenerated power is absored or consumed by a
resistor.



is noramly returned to the A C. mains through a regen tive inverter.

However, when

failure of the
the(regenerate
be understood

an energency 30 gener at or becones the C. sour.ce upon
main A C. source, the regenerative inverter is blocked and

d power is absored or consuned by a resistor. -6- As will
from the above descri¥tion; known el evator controlling.

appar at uses have suffered various problens, that is an excessive rise in-—

t he tenperatur
power is consu
regenerative
to the power s
prior art, it

e in the machine roomin_the cage % where regenerated w
med in &% ed r,b%ﬂd“%ﬂeFﬁE?gase FA™ héheos@h¥&use of the
descirdptiioni,heknasn wakevatdre regeteshling p@appadstusdsir ned
RUVEC s frol &ff Ohr i B DPEBICHRT | O PEQDLAT Mo dd iy el)

IS an O esent 1nvention to allow regenerated '

power to be hafidBedini thea tlegperaurgpddr &hes mashdarelinapm dn Hike igaamti on

there isgprovi
alternating cu
current by a c

Wedrien rayetlerididd PO r Oksi BBndBRRAALENS a ' MYsHB AN alma
rrengt S%ﬂﬁgled fram a gomer source i s converted into a direct

BRvV SAIHEASH (18, NS FREE LfGaURe | QL hhendeIRmAL SR into a

vari abl e-vol t agaverterarimbkhefl reageneyieabt ettt egesera€88 bowegonig ol | i ng

a hoi st notor,

detecting neah§tYFBf9F8q

t he i nprovenent 20 conprising: regenerated power
§B, gou e, SRS

®n eg‘nal, when said hoist notor is

regenerating electric power; resistor neans, connected

10

15 -

20

25

30

In view of the above-described problems of the

prior art, it is an object of the present invention to ;,f

allow regenerated power to be handled with a low-cost
apparatus. ' '

According to this invention there is provided in
an elevator controlling apparatus in which an
alternating current supplied from a power source is
converted into a direct current by a converter, and
said direct current is further converted into a
variable-voltage and variable-ftequency alternating
current for controlling a hoist motor, the improvement
comprising: regenerated power detecting means for
producing a first signal when said hoist motor is
regenerating electric power; resistor means, connected LJ
to the direct current side of the converter, for
consuming the regenerated power in response to said
first signal; consumed power detecting means for
detecting the fact that the amount of the regenerated
power being consumed by said resistor means has
exceeded a predetermined value and for producing a
second signal indicative of said fact; and regenerative
inverter means, actuated in response to said second
signal, for returning regenerated power in excess of
the predetermined value to said power source.

Thus, in the elevator controlling apparatus
according to the present invention, any regenerated

s



to t he di rect current side of the converter, for consuming the regenerat§@4
power in response to said-25 first signal; -consuned power detectin
peans for detecting the.fact that the anmbunt of the regenerated power
bei ng consuned by said resistor neans has _exceeded a predeterm ned val ue
and for producing a second signal indicative of said fact; and regenerative
30--~ inverter means, actuated in response to said second si.gnal, for
ret\Wwini ng regene e r.in_excess aof. the predeterm ned value to said
power source. - Th §%e?nR§%§ éhggaFgﬁ 85ﬁpﬁéﬁfpﬁ&e JAteeud S2LOBSHMES ©F t he
present inventi okheangsiegoner andd regengragedepovess whiizh klxecpdadetha m ned
val ue is consuned,.R eslssS a I r.at e cee t he
rB¥etBenifgl gggge Eg ﬁg%ggﬁe% ) Q%g?%ﬁwgr B e%e %@

predeterm ned value Is returned to t [ source e fegenéerat e
inverter. 5 the regengratedvdnvesseri.l | now be described in nore detai
by way of exanple, with reference to the drawings in which:- Figs 1 to 3 in

conbi nati op show one embodi ngnt of the present invention, in which; 10
Fig. 1is 2 block di agr Xf-8f IPRENEAER WAt DoKW, e desgaibedhdncmozsi
configuration of debaidnbgdivagnor exdmbile., ¥ith @efFle@@nchlatb @hea program

ggﬁ#?éﬁ?a{Po%geo?ggﬁgagggﬁgvgggF%ESntroIIing ZL%ZFaﬁuggg,SrSESegLLgF;F
' Figs 1 to 3 in combination show one embodiment
of the present invention, in which;
s 10 Fig. 1 is a block diagram of the embodiment;
Pig. 2 shows the circuit configuration of the
embodiment; and
' Fig. 3 is a flow chart of a program employed in
the embodiment; and
15 Figs. 4 and 5 are circuit configurations of
known elevator controlling apparatuses, respectvely.

Fig. 1 shows the arrangement of the whole of one
embodiment of the elevator controlling apparatus
according to the present invention. As will be clear

20 from Fig. 1, this embodiment is arranged as follows.
The alternating current supplied from the AC power
source R, S8, T, is converted into a direct current by
the converter 1, and this direct current is further
converted into an alternating current by the inverter 3

25 80 as to be employed to control the hoist motor 4. 1In
this elevator controlling apparatus, when the
regenerated power detecting means 15 detects the fact
that the hoist motor 4 is regenerating electric power,
the regenerated power is supplied to the resistor 13

" . - 30 and consumed thereby; when the amount of the power thus

consumed exceeds a predetermined value) a consumed
power detecting means 40 is actuated such as to cause a
regenerative inverter 30 to return the regenerated
power to the AC power source R, S, T.



Fig. I shows the arrangenent of the whole of one enbodjpent of the el evator
control ling apparatus according to the present inventikg? As will be clear
20 fromFig. 1, this enbodinent is arranged as follows. The alternating =
cunrent supplied fromthe AC power source R, S, T, is converted into a

direct current by the converter 1, and this direct current is further
converted into an alternating current by the inverter 3 25 SO as to be-
enpl oyed to control the hoist notor 4. in-Bhis elevator controlling o
appar atus, when the regenerated power detecting neans 15 detects the fact
that the hoist notor 4 is regenerating electric power, the regenerated

power is supplied toFide Z ésistcdreuix 8onfiguastionoos hiredentbhdimsdmy; ofvfrha t he

amount of the po S d exceeds a, predeterm ped,val ue, a ¢onsuned
power detecting xrr\%é'rafégﬁoc oﬁgpé%itqg‘gtaep(fagﬁ%ﬁ ggg’f"oqga%é g rwgégﬁg?ﬂt ivés &
inverter 30 to rf£law Bhihe of eg@reyrircdmpinyed {m thBcemdodpmusel source R S, T.

Fig. 2 is a circuit configuration of the enbodi ment of the el evator’
control | i ng appar at ugegﬁfﬁgrﬁgiﬁfrﬁf:g“ figwifir| Ehe-isgme Feference| gipeEAds @sof a

program enpl oyedeidzet (e rAgBON RAtS dRREES khdGahe! & cbPrdipdnding hilbesam®
reference nunerals as 5 - those in Figs. 4 and 5 denote the sane or
correspondi ng nePH@PEtiANSporThepHegernpativegbdnearser 0 iaviarmed i30a-thgetor ned

in a three- phas | foe RY s j | 0 I i stors, 30t .and
di odes 30d, each&fa%%ny stggrb‘gﬁb%%ﬁgsgb%f’g?*e{i%ai %"E?e_%%%ﬁﬁ %{)tnﬁ%%tdéag?%
paral | el such as3tdy eeachopgpsssiistot candatts aisheriated piilode|Being Acchected ifhi ri ng

[ [ [ [ 1]  nverter 30, A detector 31
_ gle,[ gg![ts fﬁ: Icar ?‘%a?#&??losﬂ%ﬁélarse tghbee rog oesnietre_a;[::IJ Veeac other in polarity. A u

10 firing circuit 30a is adapted to fire the regenerative
inverter 30. A detector 31 detects the current £lowing -
through the resistor 13. An input port 32 (referred to as an
"I/P", hereinafter) is adapted to convert a signal from the
detector 31 and a signal representing the voltage across the
1s smoothing capacitor 2 into'respective digital signals. A
A microcomputer ‘33 processas signals from the I/P 32. The
mic:occmpdte: 33 is composed of: a central prccessine unit 334
(referred to as a CPU, hereinafter); e“random-aqcess memory 33a
(referred to as a RAM, hereinafter) fer storing.external daca
20 and fesults of calculeticn} and & read-only memcry 33m (referrad o
to as a RCM, hereinafter) in which the proegram shown in Fig. '3
and various reference values have been stored. An output
port 34 (referred to as an O/P, hereinafter) is adapted tc
actuate the firing circuit 30a in accordance with the result of
- 25 calculation carried out by the microcomputer 33. In addition, an
O/P 35 is adapted to turn on, or render conductive, the transis-
tor 14, and operates'in a manner similar to that oé the O/P 34.
The operaticn of this embodiment will.now be described with

reference ta Fig. 3.



] [
t hrough the resistor 13.:. An input port 32 (referred to as an "I/P", 46
hereinafter) is adaptedi to. convert a signal fromthe detector 31 and a

signal representing the vopltage across the 15 snoot hi ng capacitor 2

into respective digital signals. A A mcroconputer 33 processes signals
fromthe I/P 32. The m croconputer 33 is conposed of: a central processing
unit 33u (referred to as a CPU, hereinafter); a random access nenory 33a
(referred to as a RAM hereinafter) for storiT external data 20 and

res f-calculation; and a read-only nenory 33m (referred to as a-ROM
hereinafter) in which the programshown in Fig. 3 and various reference

val ues have been ‘Stlor Reyeradryanirg Operatisa: (referred to as an O P,

hereinafter) is adapt@gt ondGtHatse ;the ki [ I Oa_ln _accordance
with the result of 25 -~ cal gﬁlsztl%o%lggér%égoﬁ%%{}g%hg‘:irf?g%%%sﬁﬁﬁ 4P 33.
I n addi tion, an Pi8$ fiizgeddmpheikyt, othaimatan 4 bs suppliid ebDtidecétssde { he

transis- tor 14, and operates.in a manner sim.lar to that of the O P 34.
The operation of RHPFE %ﬁﬂoﬁrferréﬁtp%efls%ﬁﬂﬁé Jest SUHR RSP PEFEPER énce to

Fig. 3. 59- (IgowBeder edndlagnsgedaCpai.at poreniencehancaga @ décdrbs e
whil e bearing a | oad _corresponding to its fixed capacity, the nmotor 4 is
suppl i ed with el €¢er fea55RRL5Rr HInTeRAR NE MR\ PrIRARSCEETR 1Y showydp BiS+ o

performa 5 POYRE & compbRBEAY 19PRIA! 1AM scbp foli SeileBh Cone! 1 uALMR
detected by the detector 15a is read out in a process step 100 shown In

Fig. 3, and a corfwr &bl Fefergaes valtags ¥plue) préjaiouet stheed dhuthe 804 out
and a reference vallagg, Qézt’% ?&?e‘éjeSU?dr%ié%%%Sda'i% th&e'§94[s3%@p' 1. 34ch a
pokes ed running operation, thefe 1's no posSibITI- Lo _ y of &V ue
read out fi®m theydef etieovalreceesti ngt tfremr efecietector exceeding the referen-
ce voltage value. Therefore, the answer of the judgment made ih
- the step 101 is "NO", -and the procsss proceeds to a step l0z2. In
the step 102, such signals are dellivered as making beoth the
transistor 14 and the ;egene:ative inverter 30 nonconductive, and
15 the process then returns to the step 100. As a conseqguence, the
electric power is neither consumed bv the resistor 13 nor rsturn-
ed to the AC power source R, S, T.
(2) Reqenérative-gunning Operation:

When the cage 8 is raised while empty, for example, the

e the counterweight). More specifically, in such a casé, the value
detected by the voitage detector l1l3a exceeds the referance vol-
tage value. As a consegquence, the answer of the judgment made in
the step 101 becomes'"YES", and the process proceeds to a step

25 103, in thch the transister 14 is made conductive through the
o/P 3S. .The transistor l4 being conductive allcws the regene-
rated power ts be consumed cor dissipated by the resistor 13. The
value detected by the detector 31 is read out in a step 104.

Further, a comparison is made in a step 105 between the value



ce voltage value. Therefore, the answer of the judgmzwt( made in the-step

101 is "NO', and the process proceeds to a step 102. " n the step 102, such
signals are delivered as naking both the transistor.14 and the regeneratives
i nverter 30 nonconductive, and 15 the process then returns to the step
100. As a consequence, the electric power is neither consunmed by the
resistor 13 nor return- ed to the AC power source R, S, T. (2)
Regener ati ve- Runni ng Operation: Wien the cage 8 is raised while enpty, foF
exanpl e, the 20 notor is the regener‘é?Tve runni ng state (becal 0
the effect of the counterweight). Mre specifically, in such a case, the
val ue detected Ryad RReVald a0fe£l8LREE QondBRdCB&RRUIFa 1RCp & iBLENF Sy Yy t agse
val ue. As a consequence, the answer of the judgnment nade in the step 101
becones "VYES', A&RdchehBOWrEmesEiphe egd-us Haluyechs 2Bt in exg@$s ofnthehi ch t he
transistor 14 i | 1, t R ) ransi stor 14

bei ng conductivgeg%a'{lg‘\‘/:v‘gOé'tli(ﬁA(%&Eétadg;g‘r:{;é¥¥ (r?’gtg‘gkd gg\e/vegrns?géﬁg coenéﬁﬁﬁn(fngrli

di ssi pated by tMhmo'tesndtthe pSoceEscratarue whethe tsedp Moot herfdehe ade@ershtei S
read out isn a steg) 104. Further, ? conga{i-sor&ﬁiss made . in a_step 105 between
t he val ue - 16°75EEE BUCTAH IS PRrEFETRE O AREIP T dfer v at RpF®i ousl y
stored in the Rpbbck¥@ pidceels dccalstupt 108 UtnitheNotep NoeXaCSEgal e |
ref erence consuned power val ue, the answer of the judgnent is "NO', and the

process ret ur ns9ebiviened fhgpuayFhe| /R 3 Jushethatche firing shratited0pdver

val ue i s exceed o] S¥BLe irhe” . Jat ' Sedh; dg,f 0 a step
106. In the steggﬁ‘b.tg, 8a@‘:gi gnael t?‘g 3?:I%_;Igi \aﬁagr?ég'det rggg%c?ﬁet%’rg% gﬁ%h t hat

the firing circoeger@gates padenidrethe poverusourdre R efieferati ve i nverter 30 \wd

returnt qﬁ regener ata‘égaPél‘A‘Sr té th h&o@@%ésc%?ﬂgf gmﬁ‘idi%énl‘ since a part of

the regenerated power is consumed by the resistor 13, the amount

- of regenerated power-which is retu:ﬁed'to the power source R, S,

T is reduced correspondingly. 'Tnis'reducticn in the amcunt of
the regenerated power advantageously decreases the requizred capa-

15 city of a transformer (not shown)'employed to consiitute the
power source R,_s, T. When the power source R, S, T'is suprlied
by a ndn-utility power generator in particular, such as an emez-
gency engine-generaﬁar, it is fregquently necessary for sub-
stantially all of the regenerated power to be diésipated or

20 consumed as a generator loss, since such a2 generator generalily O
involves a small loss andé has a small load connected thereto.
For this reascn, the rated capacity of the generatcr is detar-
mined so that the generator is able to absorb the regeneratad
power, which fact conventionally requires a generator which has

25 an otherwise unnecessarily large dapacity. According to the
praesent invention, however, the regeneratéd ﬁower is consumed by
the resistor 13; therefore, it is possible t2 reduce the reguired

capacity of the generator and, consequently, to lcwer the ¢ost.

-10-



- 10 ) According to the above-descri bed enbodi ne
t he regenerated power is consunmed by the resistor 13,

regenerated power-which is returned to the power sourc
correspondi.ngly. This reduction in the anount of the
advant ageously decreases the required capa- 15 Ci
(not-shown) enployed to constitute the power source R
power source R S. T i supplied by a non-utitLity powe
par twgul ar, such as an emer- gency engi ne-generator, i

necessary for sub- stantially all of the regenerated power to be dissipated

nt, since a part of
the anount - of

eR S Tis reduced
regener ated power
ty of a transforner
S, T. Wen the

r generator in

t is frequently

or 20 consuned asufthge)eyintertHeOSfiounti OE &he Ufdyete iRl pdwat @aRrRarad | y

involves a snmall loss and has a small | oad connected t

reason, the rated*tEpaIWF-HIe PRMeRneTeGAtIE dRYE e

hereto. For this

mMoh&d EHUEtROY He

generator is abl ealRin@ReRtbsdddR1ALIBNERA! FHLO B! condlih&d) bhra@le resistor

conventionally requires a generator which has 25

an ot herw se

unnecessarily | arko chifaseeyired/eapscdring £8 thfe tPAnsdErers AdridAore however,

the regener gt ed &\g@helﬁdcgpes gggl Vol S Fg&,%fggr 1350

possi ble to reducé t required capacity o genera

t'yiﬁggz¥1§ pdjisléf

tor an

consequently, to tmaneistdrs IWsknd-diddes 30dldre lupldyed, tsicraeriithee aeunt of
t he regenerated power whi.ch js to bﬁaco vert ed by thfg a_ﬁgggeratlve i nverter
h

30 is reduced by ZHFeRRTRARIYE HVPEEH0Adr ne 5aRITAF

§ﬁ?r%’tft8§ t he

resistor 13, the fAdiéRE EaPIGK! pATsOird Fedided)SsstAAE t&@tdéﬁi’dntd‘ﬁ‘

di odes 30d are also favorably reduced. Al so, since si
transistors 30t aFRfUAFiRFedn b GPEF ShpFRRFEICTHoReRH L

inverter 3Qqo the gapagid Iieéréﬁseat:t dnBecddtaBsisddOns &Qde-ﬂilggrﬁ‘éx «f 9f Hex pairs

are reduced, so that the degree of
resistor 13 and other members.

x_pairs

Lﬁsémf?‘t'e'yr e"g"'e'ﬁer ative

Furthermecre, since the elevator controlling apparacus shown

in Fig. 2 empleys the transistors 30t, -the apparacus is advanta-

geously made free from any -irregularity in the voltage

15 waveform (the phenomenon in which notches are formed in the

waveform), whereass the conventional apparatus (shown in Fig. 3)

which employs the thyristors 21t undesirably
gularity.
As has been described above, according

20 invention, in an elevator controlling appara

involves such irre-

to the prasant
tus in which an

< -l

~ alternating current is converted into a direct current which

is further converted into a VVVF alternating
controlling the hoist motor of the elevatcr,

connected to the DC circuit such that, when

current for
a resistor is

the hcist mectsr

25 regenerates electric power, it is consumed by this resistcr, and

when the amount of the regenerated pcwer bei
resistar exceeds a predetermined value, a re

is actuated such as te return the regenerats

ng consumed ky the
generative inverter

d power to the power

source. Therefore, the generation of heat by the resistcr is

4



reduction in the cost of these conponents is favorab | arger 10 - than
the increase in the cost caused by the enpl oynent -of e resistor 13 and
ot her menbers. Furthernore, since the elevator control’ling apparatus shown :
iin Fig. 2 enploys the transistors 30t, the apparatus is advanta- geously
made free fromany irregularity in the voltage 15 wavef orm (the
phenonmenon in which notches are forned in the waveform, whereas the
conventional apparatus (shown in Fig. 5) i ch enploys the thyristors2l
undesi rably invol ves such irre- gulari ty.'\',\%é' has been descri bed abﬁffe’,""y
according to the present 20 invention, in an elevator controlling
apparatus in W e ‘ﬂ&;:ii u é% 7(;: i .8 dLrect
current whi ch%ﬁgg&l?%?ﬁ‘gérﬁc%nver?ge ‘i %{x%rltat Rggﬁeté\rgg%tﬁg%lgl%l?r {r.'£ent for
control ling tiprehmitsanyborrdl thee dhettet Sempexratess shothe saciimeendord to t he

DC ci rcui t { hat , the hoi tor 25 tes electri
pover . 11 i o ORLEIEALE) T & pREHEr TS ARAhShe AT AMRP T I

regener at ed pawerrdiRhefativ8siiRdted Byt &1 amoHi s LoFredpoREihg €o hedet er mi ned
val ue, a regenerative inverter is actuated such as to return the
regenerafed pdfernt §ftHhe SeTRNeTaced FaverTMBiEh dfeSonsHBeY &Mt i on of heat by
the resistor irgsisecrlZso RAYENAYSMETbYaAIYPPERIBEE P8l thé peRsGguent |y
possi ble to prevent any abnornmal rise in the tenperature in the nachi ne
room Additiorshe| apparatyssaposshple. t o reduce the required capacity  of the
regenerative inverter by an anount corresponding to the 5 anount of
the regenerated power which is consuned by the resistor, so that it is
favorably possible to | ower the cost of the apparatus as a whole.



3
-13- CLAIMS 1. - An-elevator control |ing apparatus—in which an
alternating current supplied froma power source is converted into a direct

_cyrgent by.a converter, and 5 said direct ﬂmm‘ er converted
int® a variabl e-voltage and variable-fre yency iy "‘lmmymrent for
controlling a hoist notor, said appar atu incIudiﬁg:LrebeﬁErated power
detecting neans for producing 10 a first signal when said hoist notor is

reggggratpng elggégkg power; resistor neans, connected to the direct
current—stde of e—eonverter, for consunming the regenerated power in
response to said first signal; 15 consuned power detecting neans

for detecting te faptAﬁh@qehQQd@ngﬁﬁtgglifwgraggaga@hgdﬁnwwmibﬁiag
consuned by sai resi stor neans has exceedea %g@&sdeternined val ue agd f or
f ,

produci ng a secdhEeEN@RANIi FHIEARNY eSBPPLAP AnHOYFr source 1
regenerative |gyRvVéLtedNEABS, a ditgatedurrentedyoaseohvestied ,sandnd

valle o Sai d phif SFeEr  AUE)Ys | BufkRER] Shnpdfudd Pae Tul ol
appar atus accordanijabde-voltage and variable-frequency alterna ing
current for contrdlling a hoist motor,
said apparatus including:
regenerated power detecting means for producing
10 a first signal when said hoist motor is regenerating

W electric power;
resistor means, connected to the direct current

side of the converter, for consuming the regenerated
power in response to said first signal;

15 consumed power detecting means for detecting the
fact that the amount of the” regenerated power being
consumed by said resistor means has exceeded a
predetermined value and for producing a second signal
indicative of said fact; and

20 regenerative inverter means, actuated in
response to said second signal, for returning
regenerated power in excess of the predetermined value
to said power source.



claim1,

further conprises processor neans, coupled tg both said . ,
regener at ed power detecting nmeans and said COﬁsunEd_pg@gL‘ggiggtrng nmeans
i.n 3uch a manner as to 5 be supplied with said first an cond

( sai d processor neans functioning sut I’ enit is
supplied with said first signal, saidlﬁToces E H t he
a

si gnal s,

regenerated power to be supplied to said resistof reams s

is 10

t said power

consuned by sai,d_resisto ;. an h) when saplg processor g
means is sug%Tied m#?he§%W3%§gco %“gfgﬂg}?gS§P§35P&8€%s%?°%% atermres
sai d regenerelaime 1pvéurshereRomprd sest PIoceIRorr means poveupileadexoess of
the predeter%mdSHQEU%é&M&é@V‘E?g%% get¥RUMITG méans i%‘@‘gr%%mor

control ling apparatus accordlag to €
two D.C. - €

erern sal ter - neans has

si RORHMEPAveR (detReE NG BRARS &B) SUGR AcBABNRE asnkect ed

bet wee sai thd. Suppliedt Wit B df £585€ anderdeordd sigh®Pds. sadd

further
resi stor

| Si i tchi , d i th d
RO SR FRbUTRER FOPCR OnpPacauchy ChakAS, for being

on/of f-contrid) ed byheai dtpriscetpyl imhnsith. said f\ﬂrei:e!@{:;ﬁ&lQO@TaE@' l'ing
apparatus acg | o] L1 e el ld Lnverter nmeaps has two
D.C -side te?%‘g%%]%oé \/vl%“érg % é%ﬁ?%g% egihg]oégﬁﬁﬁgéegacgﬁﬁ'g& et b&Buveen said
D.C. -si de t ssuppbied otoseatidi nesiseernpeass sadthabr saadspodecodsuned power
deteCtﬂdWlr“%ﬁﬁs%@$§r$§e§af&r%@ﬁis@@}eﬁééﬂﬂ;”Eﬁﬂs for detecting the 30

anount of power

g ‘consune y sald resiSstor means_by detectingdthe

current flovitl threhgm 82l PESCSSSOrNMAANs is supplied with sai

15

20

25

30

second signal, said processor means actuates said o/
regenerative inverter means to return regenerated power

in excess of the predetermined value to said power

source,

3. An elevator controlling apparatus according to
claim 2, wherein said inverter means has two D.C.-side
terminals, and wherein said resistor means is connected
between said D.C.-side terminals of said inverter

means, and further comprising switching means,
connected in series with said resistor means and
couplied to said processor means, for being
on/off-controlled by said processor means.

4. An elevator controlling apparatus according to
claim 1, wherein said inverter means has two D.C.-side
terminals, wherein said resistor means is connected
between said D.C.-side terminals of said inverter
means, and wherein said consumed power detecting means
comprises current-detecting means for detecting the
amount of power being consumed by said resistor means
by detecting the current flowing through said resistor
means.

-
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:15-55. . An el evator controlling apparatus according to claim1, éz
wherei n said*power source is pol yphase, and wherein said reqgene- rative

inverter neans conprises a plurality of serles whi ch are
corinected in parallel, each of said series- m ﬁmwglmmmlers bei ng
formed by serfes-connecting two parallel- conneche ¥s seach of which
is constituted by a diode and a transistor which are parall el -connected
such as’ “to be opposite to each other in peltarity, the nunber of

series- connect ed menbers being equal to the .nunber of phases of said power
source. 10 6. An el evator controlling apparatus substantially as
her ei nbef ore desct+ bed wi PR FieVarehEcantxpllafg a2 EATYfmIcRriguressizing.3 of

the acconpanyi ng (.t 09314 power source is polyphase, and wherein said regene-

rative inverter means comprises a plurality of series-connected
members which are connected in parallel, each of said series-
S connected members being formed by series-connecting two parallel-
connected membérs each of which is coastituted by a diode and a
_transistor which are parallel-connected such as to be opposite to
each other in polarity, the number of series-connected members

being equal to the number of phases of said pocwer source.

10 6, An elevator controlling apparatus substantially as
hereinbefore described with reference to, and as shown in Figures

1 to 3 of the accompanying d:"awings.

o)



