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1 SPECI FI CATI ON ELEVATI NG MACHI NE CONTROL APPARATUS
5 TECHNI CAL FI ELD The present invention relates to a
control apparatus that drives an el evating nmachi ne
such as an elevator or escélator. 10 BACKGROUND ART
As shown in FIG 3, an elevator conventionally

i ncludes an elevator cage 10 tied to a bal ance wei ght
11 with a rope wound around a sheave 9. An AC notor 5
drives the sheave 9 S$BEODFICATHENel evator cage 10.
The illustrated control 15 apparatus drives the AC
nmotor 5. In the control apparatus, a three-phase
alternating current froma conmercial power supply 1

ELEVAT f16 | MA@y ENE e€btRE6H R¥pARA®GSI fier circuit 2, and
converted to a direct current by a snoothing capacitor

3 further absorbing its ripple conponent. This
converted 20 direct current is converted by an

o an alternating current of predetermn ned
TEC#&%§EQG%§EL nd input into the AC notor 5. The
i nv i ncludes a, plurali sen conduct or
oV PS4 B A ESIhE S (orf G0 b ARRaratus
input into a drive circuit 7, and the drive circuit 7 : |
thatg dqriwves an elevating machine such as an elevator or

escalator.

BACKGROUND ART

As shown in FIG. 3, an elevator conventionally includes
an elevator cage 10 tied to a balance weight 11 with a rope
wound around a sheave 9. An AC motor 5 drives the sheave 9
to hoist the elevator cage 10. The illustrated control
apparatus drives the AC motor 5. In the control apparatus, a
three-phase alternating current from a commercial power
supply 1 is full-wave rectified by a rectifier circuit 2, and

converted to a direct current by a smoothing capacitor 3

further absorbing its ripple component. This converted

direct current is converted by an inverter 4 to an
alternating current of predetermined frequency, and input
into the AC motor 5. The inverter 4 includes a plurality of
semiconductor devices. A torque command from a controller 6

is input into a drive circuit 7, and the drive circuit 7
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controls the conduction wdth (period for which a
sem conduct or device is on in the process of
repeatedly being on (conduction) / off
(interruption)) of the sem €onduct or devi ces of the
inverter 4. 5 Regenerative ener gy during regenerative
operation of the elevator is to be consuned by a heat
di ssipation circuit including a regenerating
contepd sobbecconddetion widshd (repdwndr fogewbighi an
braki ng resistor 13. Specifically, during
semiegedecadrvdevpeeai soon fhethegpreresisngfserpeanadityobeing
device 10 12 repeatedly turns on/off in accordance
on \téHdeeETBANS/f pem (‘iﬂ@eﬁ‘fhﬁﬁléhﬁ‘wbtf theaBdmigohBattor
process the conduction w dt is control |l ed dependi ng

devPlet Ner NBQBI § HOerPE -t B regenerative energy, so that
the regenerative energy MA|| be consumed by the power

Eﬂ”ﬁ%éﬁﬂé%g { % Q@ef n 3r8§§§£§égg?o Era%§oﬁlﬁf

a fai re o e reg era con

nj nd,_not retur , _L.e. an_on, .

the (ST Ry SPER ebﬁoﬁ%?sﬁleﬁ‘g ﬁ?i SnbbakicingSteaPiph cistuit

can, be overheated and cause a fire. Accordingly, in
inchidinrgt® BegeRerabingceaRt eprduetoBndeyirar &2 95?|6u§ower

safety nmeasures have 20 been proposed such as checking
geneyrt iperigrakingnresastonf 18 he Sprowieligrhky atduging

braking resistor with a tenperature sensor or the
regéndeafive 3368880jioB) , theckgegetatingl kenioondottagedevice

of the transistor used as a regenerating sem conductor

12 tleyégeed]yPraoR2-dRAAT8, i) ac8bddsheekiwbght B6mmands from
synchroni sm of the base

the drive circuit 7, and in that process the conduction width
is controlled depending on the magnitude of the regenerative
energy, so that the regenerative energy will be consumed by
the power generation braking resistor 13 generating heat.

If a failure of the regenerating semiconductor device
12 remaining on and not returning off, i.e. an on failure
occurs, then the power generation braking resistor 13 can be
overheated and cause a fire. Accordingly, in order to detect
an occurrence of on failure, various safety measures have
been proposed such as checking the energization state of the
power generating braking resistor with a temperature sensor
or the like (JP 3369890, B), checking the collector voltage

of the transistor used as a regenerating semiconductor device

(JP 2002-191178, A), and checking the synchronism of the base
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3 signal and collector signal of the transistor (JP
11-199148, A). However, because all of the approaches
are to detect an occurrence of on failure using
hardware, there has been a 3 problemin that the
addi ti onal provision of hardware nakes the device
configuration conplicated and al so increases the
cost. Accordingly, an object of the present invention
sighslt andprovildctan slignati of whehitmensdsttos (Fpdrlatlpd148,
configured to 10 detect an on failure of the
A) .regenerating sem conductor device w thout addition of
new hardware and gi ve an appropriate safety

preganévep, BESHLSSURE] Cbr THEe! AVEPNBLENe45aThE tBr 88eBtt an

i nvention provides an eIevatlng machi ne contr ol

occﬁPEéﬁééuéf' Bf! ¢di R r@”ubﬁg %d%g%r O{Itb%%a‘ﬁ%%r e

to a torque comman provi rom a dl erence s:jgna
eroBSRICER, ' A SUMPSLRRRCETafOTRRCo PSR B

, an AC.notor ., 20 connected to the |nverter and
the (HEyEke nfohf Rt hieR SPmPSAFﬁﬁsPeavs|?&ae jRgreases the
vari abl e frequency, and a power generation braking
coStesistor energized to apply a brake during
regenerative operation of the AC notor, wherein the
appaeeerdingtyhi dntgbjeet ebEvele ntgrﬁaelht nénvenpion is to
starting operating and
provide an elevating machine control apparatus configured to

detect an on failure of the regenerating semiconductor device

without addition of new hardware and give an appropriate

safety precaution.

DISCLOSURE OF THE INVENTION

The present invention provides an elevating machine
control apparatus including an inverter controlled according
to a torque command provided from a difference signal between
a predetermined speed command signal and a speed signal
corresponding to an actual traveling speed, an AC motor
connected to the inverter and driven by an AC power of
variable voltage and variable frequency, and a power
generation braking resistor energized to apply a brake during
regenerative operation of the AC motor, wherein the apparatus

prohibits the elevating machine from starting operating and
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4 interrupts power supply to the power generation
braking resistor if the DC stage voltage of the
inverter has a ripple quantity of a set value or nore
while the el evating machine4 is being stopped. 5
Alternatively, in the present invention, the apparatus
commands the el evating machine to stop operating and
interrupts power supply to the power generation
intbrakphg powsksstupplyy thetbB€ pbuge gehezgéioh biraking
inverter during regenerative operation is a reference
resyatoe OF tResDghstegkheol@agkevdt the HROBrReri faisna ripple
operation. Alternatively, in the present invention, -

quahBetPpear at Y&+ PEOAEDLLSmbRe fheval the BRebhBenly #@chine
stariing operating and interrupts power supplyto the

is g%%ggggggﬁﬁ?ﬁion braking resistor if the DC stage

e 0 e inverter has a ripple 15 quantity of a
set, val ue or 0P e the elevatin

re whi chin IS
bei b, A B PEY L Wnd oL T REL of BVSRT AOP habhPnaPparatus
sto operating and interrupts power supply to the
co %ﬂg? Egﬁe? ?V%ﬁln%rﬁﬂFh@n?egPsgBPpiPp?Eét¥EgsF86e
. voltage of the inverter during regenerative operation
intesrupafRPEaEeSYRAPLE bp FBssprowerwapnerahéon| bvaking
machine is in operation. The decision that a
resigfgenei it the DPeshagenvoitpgef ofnthe isventlerbguring
detecting by cal cul ation that the regenerative
regéh€citicepoperatfon psedetrersrsrdevablieeodrnbéds while the
elevating machine is in operation.

Alternatively, in the present invention, the apparatus
prohibits the elevating machine from starting operating and
interrupts power supply to the power generation braking
resistor if the DC stage voltage of the inverter has a ripple
quantity of a set value or more while the elevating machine
is being stopped, and commands the elevating machine to stop

operating and interrupts power supply to the power generation

braking resistor if the DC stage voltage of the inverter

- during regenerative operation is a reference value or less

“while the elevating machine is in operation.

The decision that a regenerative operation is performed
is made by detecting by calculation that the regenerative
electric power is a predetermined value or more.

The elevating machine control apparatus of the present
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The el evati ng machi ne control apparatus of the present
5 invention can extrenely easily detect an on failure
of the regenerating sem conductor device only by
software wi thout addition 6f a special device. The
power generation braking resistor can be therefore
prevented from bei ng overheated at 5 -extrenely | ow
costs by incorporating the software in the contro

inventtont chnr ekheempilgr basitgntieakectBRhEBNDESGRUPEl O @he
THE DRAWNGS FIG 1 is a block diagram show ng a

reg6R8tLBUAG! EeNiebndlictd® gbe¥akobnigNbiolsoFkRarat WS thbut
the present invention. FIG 2 is a flow chart show ng

add? f&ﬂtb?n§ QﬁeEQSl §e9LEel. appargbisy %%&%r§ti§nabrak1ng

k di agram showi ng a configuration

'resfgg¥§néégn8£ h8¥3g8£eC§PE58ngﬁp§E hugelﬁgera?Ehéate at

rons o

udés vvave orm ustrating

th I t d th t
exteee s fw Coghs %ma&é’gﬁéﬁ?hpai Ra: 2R trppf) €8 the

enerated in the DC stage voltage of _the inverter. 20
con FOPEL EORE CARRYE NENVRI L SHECPNVERFF ON An el evat or
control apparatus enbodying the present invention
wi |l be specifically described below with reference

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
elevator control apparatus of the present invention.

FIG. 2 is a flow chart showing operations of the
control apparatus.

FIG. 3 is a block diagram showing a configuration of a
conventional elevator control apparatus.

FIG. 4 includes waveform diagrams illustrating
operations of the elevator control device of the present
invention.

FIG. 5 is a waveform diagram illustrating ripples

generated in the DC stage voltage of the inverter.

BEST MODE FOR CARRYING OUT THE INVENTION
An elevator control apparatus embodying the present
invention will be specifically described below with reference

to the drawings. In FIG. 1, the same components as in FIG. 3
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to the drawings. In FIG 1, the sane conponents as in
FIG 3 6 are provided with the sanme reference
nunerals as in FIG 3. As showmn in FIG 1, a
t hree-phase alternating curfent froma comercia
power supply 1 is input into a rectifier circuit 2
t hrough a power supply interrupting el ectromagnetic 5
contactor SW full-wave rectified by the rectifier

are @rauided® witndlmnsane ek farenck rmatecalseas by BIG. 3.
snoot hing capacitor 3 further absorbing its ripple
COmzORtidien il FIDNVIET te thrtd-@ia ird Bd r St Do Vet ©sht
by an inverter 4 to an alternating current of

froml£AmddB e fgQamenapp Bt | IPUindidt | heo 3 Al FDEDEY
5. Atorque command froma controller 30 including a

e Py . . . it 7 .
cirglF TR £ s QNS At iy e Tecfiponetic
sem co ctor, device included . i.n the inverter 4. A .
contiIRST A Sars AR R an g e RYEFL e gfrquit 2,
sem conduct or deyjice 12 and a power generation brakjng
and convargied £9 & Gt e hPbE thing gapacitor 3
inverter 4. The heat dissipation circuit consunes
fur theje pdrsanbicn e idrgyr IRRKS PRy at iTéd Sogenaterdedof

the el evator. The controller 30 receives a speed
direggnmuntesitgriad Qowert®edjibwerarf riower tsgeetl t@nmnd

generating circuit 20, a speed signal 22a output from
altexrrsyider deimeirt 2 predatidmiined eimeduaicy,) gied ddsut

output froma current detector 23 for
into an AC motor 5. A torque command from a controller 30
including a microcomputer is input into a drive circuit 7,
and the drive circuit 7 controls the conduction width of a
semiconductor device included in the inverter 4.

A heat dissipation circuit including a regenerating
semiconductor device 12 and a power generation braking
resistor 13 is connected to the DC stage of the inverter 4.
The heat dissipation circuit consumes regenerative energy
during regeneration operation of the elevator.

The controller 30 receives avspeed command signal 20a
given from a speed command generating circuit 20, a speed
signal 22a output from a speed detector 22, a current
detection signal 23a output from a current detector 23 for

detecting the output current of the inverter 4, a weighted

signal 24a output from a weight detector 24 attached to an
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detecting the output current of the inverter 4, a
wei ghted signal 24a output froma weight detector 24
attached to an 7 elevator cage 10, and a voltage
signal 25a output froma véltage detector 25 for
detecting the voltage of the DC stage of the inverter
4. The controller 30 has a function of controlling
the drive circuit 7 for the inverter 4 according 5 to
elevwator quege ohfranahgravvadbtade osignal f 25a eogbpatgfiabm a
between the speed command signal 20a and the speed

voltagwadeP@etodes fontdetedtinsdi tiei Solb&g&adE 8ReaDC stage
conventi onal -one, and not described. The controller

of Bk hasvér€OnT4 gURRd %Jt(}rolale%afﬁi thasl G Fﬁ\ﬁﬁ%ﬁ’fdrp"bf n

the case where an on failure occurs in the

conEonglgu %lon 'S reailzed ﬁ;fégf %%r%gg§r%%§cr|%cﬁordlng
ow. The confiquration an_ be ded f unct
to § mere st B &, £ o S EhEendd r%%%imo?etween

generation deternlnln means 301, 15 a_vo|tage ripple
the fRerd | FRIIAMAS R L 292 10 LR 13REFD S I FEhs2 303, The
and a_ prohi bition neans 304. The regenerative
contgrqk tFynchinieri g a33es et reenvent eaat aog, | sndonot
deter m ne whet her regenerative electric power is
desqgeiferdt ed based on the speed command signal 20a,
speed signal 22a, 20 current detection signal 23a and

weiTgld edbrtirgildler?40 hE a Widfigtird e fiet ectsafety

means 302 is to detect an occurrence
precaution in the case where an on failure occurs in the
regenerating semiconductor device 12. The configuration is
realized by software as described below. The configuration
can be divided by function into blocks including a
regenerative electric power generation determining means 301,
a voltage ripple detecting means 302, a failure detecting
means 303, and a prohibition means 304. The regenerative
electric power generation determining means 301 is to
determine whether regenerative electric power is generated
based on the speed command signal 20a, speed signal 22a,
current detection signal 23a and weighted signal 24a. The
voltage ripple detecting means 302 is to detect an occurrence
of ripple in the inverter DC stage voltége based on the

voltage signal 25a. The failure detecting means 303 is to

detect an on failure of the regenerating semiconductor device
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of ripple in the inverter DC stage vol tage based on
the voltage signal 25a. The failure detecting neans
303 is to detect an on failure of the regenerating
seni conductor device 8 12 #hen a ripple occurs using
a predeterm ned value, set value and reference val ue
described bel ow. The prohibition neans 304 is to
prohibit the elevator fromstarting operating when
12 whenr egenppaei ngceesi uendygc bopredeiteemideds veluen Set
failure. FIG 2 shows a specific procedure of the
valaenandl kFefed@nckovallabedeseribbdabednwl.ai Thié eppdbhibBetion
regenerating sem conductor device 12 and a safety

meaﬂéegéwth@ntéaﬁﬁghQBlthEher8§Hb§to¥h?r8h0%%@¥%§ng operating
includes an on failure detection 10 section during

whegtgﬂgagg BeEQE1ﬁ5e¥éﬁ9&oﬁ§88t ?ndgglggthr s in on

efecti of Section during t Pevator operation, and a
faifaiety precaution section in the case where an on
S ?ure |s detected. As shown in FIG 2, first in

ste is determi ned 15 whet her eed command
aﬂ@ 3 %o‘?%"és c%nﬁ%%%g 1S Broerdere ABt the geRbEpller 30

that t he el evator cage is in operation or is being
for sdeppebiiopheh anspeefatbnnanafobhei segepegrtiéngand t he

el evator cage is being stopped, step $4 foll ows, where
senipendyotongdevippl b2 dandcai agfﬁEgnprecaudébarhhaed on the

whet her the DC 20 stage voltage of the inverter has a
resulppl errpggtddednfe argsiudes an on failure detection
section during stoppage of the elevator cage, an on failure
detection section during the elevator operation, and a safety
precaution section in the case where an on failure is
detected.

As shown in FIG. 2, first in step S1, it is determined
whether a speed command 20a (or torque command) is given or
not to detect that the elevator cage is in operation or is
being stopped. When a speed command 20a is not given and the
elevator cage is being stopped, step S4 follows, where the
voltage ripple detecting means 302 determines whether the DC
stage voltage of the inverter has a ripple quantity of a set
value or more to detect that an on failure occurs in the
regenerating semiconductor device 12 or not.

Generally, the inverter DC stage voltage on no load is

the maximum of the AC power supply line voltage, i.e.
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value or nore to detect that an on failure occurs in

the regenerating sem conductor device 12 or not.

Generally, the inverter DC stage voltage on no load is

t he maxi num of the AC power 9supply line voltage, i.e.

9 snoothed DC voltage Vd mai ntaining a peak (crest

value) of the three-phase alternating current

waveformas shown in FIG 5, but, on |oad, has a
smopkthpteDCobdgegRa Velu parintpdsedghav ipregk a dresquaradyueyi £

times of the AC power supply frequency, as 5 shown by
thet BArbeophaski e tefnblk®&ngd culrlrehlte wat@ddaiatasy &hHowaKiikg FIG.

transistor falls into on failure when the elevator is

5, Betngoﬁteeaed hwien thgp uevebheegel%an%hﬁé&fmaegﬂd ¥ving
wi th no I oad generated then a di'scharge current

a fEE ﬁ@ng Oghkhﬁlﬁ Qgecgga b%%& u 9“%Qe % 9 as
ae g ggra 1 & ﬁg

neration i ng resi tor rege
opduc device 12 that the DC stage voltage
show"%x gﬂenbaPFSP HERE &PoR 16 Roa time const an
deternined by the  capacitance value C of th

snobt hFhg S eeeraFlgeahaakheg FEepsighes @a#&e Rngp on
t he power %eneratlon braking resistor 15 13, resulting

faijlwnrg wbege hepplevRboscéar PPAgJastonpad uyhenethe inverter
one-dot chain line in FIG 5. That is to say, if the
is nefeherapevetbonki wgthr ansiietdr geakkratied; o thenf ai Hiseharge
when the elevator is being stopped, then the DC stage
curv¥ehtagkowt fibm theesheobthvwhgchbaphetitdrbe ahsBughhede
DC vol t age, ‘
power generation braking resistor 13 and regenerating
semiconductor device 12, so that the DC stage voltage of the
inverter will drop with a time constant determined by the
capacitance value C of the smoothing capacitor 3 and the
resistance value R of the power generation braking resistor
13, resulting in a large ripple Rb occurring as shown by the

one-dot chain line in FIG. 5. That is to say, if the

regenerative braking transistor falls into on failure when

" the elevator is being stopped, then the DC stage voltage of

the inverter, which should be a smoothed DC voltage,
periodically drops, so that a large ripple voltage will
superimpose thereon. If the voltage of one phase of the
three-phase alternating current of 200 V drops to 180 V, for
example, the voltage further greatly drops with a ripple

occurring. Accordingly, in step S4 of FIG. 2, an on failure
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20 periodically drops, so that a large ripple voltage
W Il superinpose thereon. If the voltage of one phase
of the three-phase alternating current of 200 V drops
to 180 V, for exanple, thel@oltage further greatly
drops with a ripple occurring. Accordingly, in step
S4 of FIG 2, an on failure 10 is detected by
detecting that the DC stage voltage has a ripple

is debattey bfy desettiabuéhat whee DCVsEngeo voil tagsd Wass ias
detected, step Si recurs to repeatedly determ ne

ripphet geantheyebgvat geti vallieoper abken or 5 not. \Wen
an on failure is detected, step S5 follows, where the

Pr o &h t h@NoRERRS1 3P4 pé0&&9&&§e&hes€éﬁV§iOEeEh9§1to
starting operating. Then in step S6, the

repsgfegaigﬂag?st:{ngn?caﬂgemr tRY L .9REREd igoihmoge&%ﬁz&on or
p uppty to €

ower he power ~generation braking resistor
13 .and prevent_t ower 10 generation brakin
not o SRS $H £ F g AT HESr e SR (i ER APV Ranghere
if the elevator cage_is in ,operatjon, step Si is
the sREQRIBYT YRR, maaRSt ABA BFepiB2tpobhewslevakere frpm
regenerative electric power generation determ.ning
stapbhng GperahiéRds WHRhekn gtteptSehethal electremagnetic
regenerative 15 electric power is a predeterm ned
convat tier o8W nbs eopenedt tonintervhpt hpowarr syppdéyatovéhe power
operation is being perforned. The regenerative
genér&tion Copakeng cassbsteal L8l ah@dptevsht ntRENBbwer

information of the inverter, i.e. various itens of
generation braking resistor 13 from being overheated.

On the other hand, if the elevator cage is in
operation, step S1 is answered yes, and then step S2 follows,
where the regenerative electric power generation determining
means 301 checks whether or not the calculated regenerative
electric power is a predetermined value or more to determine
whether a regenerative operation is being performed. The
regenerative electric power can be calculated fromvinternal
information of the inverter, i.e. various items of
information such as the torque command, speed, motor voltage,
motor current, motor constant, generated torque, or motor
revolution. For example, if during load lifting, the torque
command T varies as shown in FIG. 4(a) and the motor

revolution w varies as shown in FIG. 4(b), then the power

consumption and regenerative electric power of the motor can
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i nformati on such as the torque conmand, speed, notor
vol tage, 20 notor current, notor constant, generated
torque, or notor revolution. For exanple, if during
load lifting, the torque cbimand T varies as shown in
FIG 4(a) and the notor revolution w varies as shown
in FIG 4(b), then the power consunption and
regenerative electric power of the notor can 11 be

be found by the produet (T x w) of the torque conmand T and
and notor revolution w, and vary as shown in FIG

motdf CrevOUit N8n bfagnaowafynss EHSwﬁoﬂﬁrFQ@nsuWEE'0”D§P§ng
regenerative ectric power vary as shown in FI G

1oaé(f%we€§ﬁ?rdtﬂg' owkk éoﬁggmpﬁlgﬁtgﬁ?;?%ggh%?%tave

regenerative operation Is ng per

<1e{FLEE RMleholock Te HEAS b He®, Zikher é’%@rrm%w{] it
P be found by the following formula_ fromt
can [RA AP EAERTaS! LRRE Aot BICUBFALBSVAPSRAEABPOF SCBFIBRL

Imand 10 the gpmer factor O of the notor in constant
perfoppedtbyvdetagtingr Fhat| b rederecrgtipe-elByhiricoponer

When it is determned in step S2 of FIG 2 that the
is aecpeedebeinvenedlevaliue poweores |Hes tdgenarmtive electric

predeterm ned 15 value, step Si recurs to repeatedly
poweet Broamebahedined bpetled efal bowingi foppal at fosmothaot .

Wien the regenerative electric power is the
mea P LERESE & HEI NI WOt OF PO €ag@Uviht 2h8 motor current Im and
the power factor 6 of the motor in constant speed traveling
during load lowering.

= V3:Vm-Im-cos 6
When it is determined in step S2 of FIG. 2 that the

regenerative electric power is less than the predetermined
value, step S1 recurs to repeatedly determine whether the
elevator is in operation or not. When the regenerative
electric power is the predetermined value or more and it is
determined that a regenerative operation is being performed,
step S3 follows, where the failure detecting means 303
determines whether or not the inverter DC stage voltage Vd is
a reference value or less to determine whether the
regenerating semiconductor device 12 is in on failure or not.

If the regenerative braking transistor is in on

failure, then the inverter DC stage voltage is always less



10

15

20

determ ned that a regenerative operation is being
perfornmed, step S3 follows, where the failure
detecting neans 303 20 determ nes whether or not the
inverter DC stage voltage M2is a reference value or
| ess to determ ne whether the regenerating
sem conductor device 12 is in on failure or not. If
the regenerative braking transistor is in on failure,
thathhthet hefeneactevaDGest agd thetrageries thkewdnd 1uees chd be
than the reference value, and therefore the failure
deté&amibed. det®r naxagh 1 EQr ik xaid| asé Not hehsagemméréhel
commercial voltage of 200 V, a full-wave rectified

volﬂgégé age bgougliahl ¥y1arQued géQtYfl@Ht vb&tagge@%r agh\équ

electric powef s 5 generated, the inverte

t d | ; ca FIG
aroffl) f‘%d‘y(f%‘“ﬂr.l£e?-‘?%B%%%a%vg58%3@&93%8“%? Wi oh i s
er, than the full-wave rectified volta of 280, YV,
gengidbide BReetBrerer pBiertofreratEaoty vings EhicopS g by
operation of the_inverter 4. However, if the
ther%%%h%r%%?@% BRakifg fddhspBEof ) s FhséntPaPFBPEd BRENV to
the opposite ends of the snoothing capacitor 3 are
380 shorwhighr tai hegherathae pbeefuyineauei vacbiflkpdgvoltage
resistor 13 and regenerating sem conductor device 12,
of 280 VhebetausetdbE elavbrierp®est ggrevatedgbyVihdomstor
not rise fromthe full-wave 15 rectified voltage of

and 28fe Mat 86n SBOWEhEYihhert¥p- 4ot Hdwdver ) inesthéd FI G
4(d) and (f), for exanple, and does not reach

regenerative braking transistor is in on failure, then the
opposite ends of the smoothing capacitor 3 are short-
circuited via the power generation braking resistor 13 and
regenerating semiconductor device 12, and therefore the
inverter DC stage voltage Vd does not rise from the full-wave
rectified voltage of 280 V, as shown by the two-dot chain
lines in FIG. 4(d) and (f), for example, and does not reach
to 350 V. Accordingly, the reference value is set to a value
between 280 V and 350 V, so that an on failure occurrence can
be determined by the fact that the inverter DC stage voltage
Vd is the reference value or less.

When the regenerative braking transistor is not in on
failure, step S2 of FIG. 2 recurs to repeatedly determine

whether a regenerative operation is being performed or not.

On the other hand, when the regenerative braking transistor
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to 350 V. Accordingly, the reference value is set to a
val ue between 280 V and 350 V, so that an on failure
occurrence can be determ ned by the fact that the
inverter DC stage voltage 203 Vvd is the reference val ue
or less. Wen the regenerative braking transistor is
not inon failure, step S2 of FIG 2 recurs to
repeatedly determ ne whether a regenerative operation

is is bei figiperkter aed stepoiS3 ofnFilte Gt Her amandrashgres, step
the regenerative braking transistor 13 is in on

S5 tailllows, tandusbep 83 efleWhGor2obsrafsver &t oyt Tondizerl
S5 follows to output an el evator operation stop

thr6Q§HBRHe HRbAYBHLEBA REaRsPBLUON ABARS +3%4upANdower supply
inferrupt power supply to the power generation

to Pﬁékg89e£e§$§895t13n“hEQF%H8 28l §ELEOTBINSLHC 1

cont act or to prevent e power generation bra inh
i st 3 frombein erheated. Ln st cases, t .
erefEEbRadhetic' hPRkARLOE, SHCEet Brevapts thR: BoWRYs depgration
en in operatiogn, and therefore failures can be
bragﬂngF951 E?Ec@gdﬁrﬁﬂ Re1RgseVPBERE2ABEYe, IR HBORE cGRERF/

control agparatus of the present invention can detect
thegregpneraFuve brakheg EegeAéphorngadeai énhduonofailure
device with a sinple configuration of only
whenntor ppenathgnsofndatbefefoper faihiingst henpbecqdickly
shown in FIG 2, and therefore can prevent the power
detdbtgeéneration braking resistor from being overheated
at

As described above, the elevator control apparatus of
the present invention can detect an on failure of the
regenerating semiconductor device with a simple configuration
of only incorporating software for performing the procedure
shown in FIG. 2, and therefore can prevent the power
generation braking resistor from being overheated at
extremely low costs.

In the described embodiment, failures are detected both
when the elevator cage is in operation and being stopped to
give respective safety precautions, but failure detection and
safety precautions may be performed only in any one of the
cases. This is because elevators alternately repeat
operation and stoppage, so that practically satisfactory

safety precautions can be provided even by failure detection

only in any one of the cases if a malfunction is quickly



extrenmely low costs. In the described enbodi nent,

failures are detected both when the elevator cage is

i n operation and bei ng stopfed to give respective

safety precautions, but faildre detection and 20

safety precautions may be perforned only in any one of

the cases. This is because elevators alternately

repeat operation and stoppage, so that practically
deteatedf aptothe safety precautiions isacabeipdovudednetdre one

by failure detection only in any one of the cases if
casa.n@AItheddlonin stipli @ksyr ided deniosd et {bHeisaliet¥rmined

precaution is carried out in the one case. Although
thatNthBeellesatbbedagabedi MBNbpeirhtisndet peAhfedtobbal

the elevator cage is in operation / being Stopped

depgﬁﬁfﬂgiag gget glhepethesg Esageaaesggggggaeg BN well

as we I's, It my be termn ependi ng”on
her _there is torqu ommand_or _not .

as WFL Tk olfh obecoBre bRk BoPPRR S fupohnebhRrabhere 1s o
N brake sw t ¢hi ng. %5 CLAIPB 1, AQ el evati ng nmachi ne
or @R romaRTarht et cofpr AEFREMARCY; RasrHePnosRERSRFED
., _according to a torque conmand provided 5 froma
informakiepceush gasl brekeesnihichibdet er ni ned speed

command signal and a speed signal corresponding to an

actual traveling speed, an AC notor connected to the
i nverter and
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driven by an AC power of variable voltage and vari able
frequency, and a power generation braking resistor
energi zed 10 to apply a brake during regenerative
operation of the AC notor,l8herein the el evating
machi ne control apparatus prohibits the elevating
machi ne from starting operating and interrupts power
supply to the power generation braking resistor if
the DC stage voltage of td{AiIM&erter has a ripple 15
quantity of a set value or nore while the el evating
machine is being stopped. 2. An el evating machi ne
control apparatus conprising an inverter controlled

. RECOLEVRYiING ﬁa&ﬁiﬂéecsﬁﬁﬁamdaﬁb9¥h€ﬁ§ cbhn Bﬁhélng an
di fference Signal between a predeterm ned speed

1nv&PE’£angoﬁ’c98@{1e8”§c@o§§fﬁ§ Eggﬁako&} éeéBfﬂfﬁghggF%vEHed

act ual traveli ng spee C not 0 connecte
nvert vark

troff i} EFaRlfice (b1 R Wo ol BOBELI8LeYRIRR] Speed

ration braking resistor energized t
comigg o IR hoRRa (B SEPaER B OREN SEPERSgPORALARLyean actual

notor, wherein the el evating machine control apparatus
tra%%%h%%d§P?ﬁ@leﬁ@v%@Im@tﬂﬁcﬁPﬂ@eﬁﬁegt69 §b@réﬂVﬁ§t9ﬁdand

~interrupts power supply to the power generation
drivenkbyiganrasisoweri oLt vier Dibteayelvageagrdovarhable

inverter during 5 regenerative operation is a
freqeérec gncandah usower | gssemhtient beakehgvaesbgtoncdhaegized

is in operation.
to apply a brake during regenerative operation of the AC
motor, wherein the elevating machine control apparatus
prohibits the elevating machine from starting operating and
interrupts power supply to the power generation braking
resistor if the DC stage voltage of the inverter has a ripple
quantity of a set value or more while the elevating machine
is being stopped.
2. An elevating machine control apparatus comprising an
inverter controlled according to a torque command provided
from a difference signal between a predetermined speed
command signal and a speed signal corresponding to an actual
traveling speed, an AC motor connected to the inverter and
driven by an AC power of variable voltage and variable

frequency, and a power dgeneration braking resistor energized

to apply a brake during regenerative operation of the AC
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3. An el evating machi ne control apparatus conprising
an inverter controlled according to a torque command
provided. froma difference signal between a
predet erm ned speed 10 com#hd signal and a speed
signal corresponding to an actual traveling speed, an
AC notor connected to the inverter and driven by an
AC power of variable voltage and variable frequency,
motanf whpoeeh ghReeedbivanihgyakbslinhesiceheiroenapgazadust o
apply a brake during regenerative operation of the AC
comm&ndBt Bhe ¥NEGEEInGhAacheMat tBIskBphbpera@RhgOhnd
apparatus prohi bifs the el evating nmachi ne from

1nt§£9u¢t 8@8£agh£glgnﬁo ‘cﬂéeé{a%&sgQﬁ@?égiB@%%aﬂnbhe

eratlon ki'n I stor

0 yerter .
o MU o5 oBhRy i ABRERE o8k18o
bei ng, st oppe and commands _t he el evati ng nachlne to
reg%?%ﬁgtbﬁ%rgP?ﬁ@téﬂH 17t rFEpEEepeReraduppPy t6Sphwhile the
power generation braking resistor if the DC stage
elev@t@g@émggh;hg ipvérteperghbiPRg regenerative operation
is a reference value or less while the elevating
3. hmcélereating mapkinei contidl dppahetvsevanpnjsimghane
control apparatus according to any of clains 1 to 3,
invehesei cont refradr attogdsegi tondutbogudegbiifandSprovided
connected to the power generation braking resistor in

fro® e | @5ffapentbes DGNET E@ﬁﬁééﬁ'QHpPééEtQEmiﬁéaSEﬁéeénd

the 5 regenerating sem conduct or device form a heat
comfi’®| PBEALD and a speed signal corresponding to an actual
traveling speed, an AC motor connected to the inverter and
driven by an AC power of variable voltage and variable
frequency, and a power generation braking resistor energized
to apply a brake during regenerative operation of the AC
motor, wherein the elevating machine control apparatus
prohibits the elevating machine from starting operating and
interrupts power supply to the power generation braking
resistor if the DC stage voltage of the inverter has a ripple
quantity of a set value or more while the elevating machine
is being stopped, and commands the elevating machine to stop
operating and interrupts power supply to the power generation
braking resistor if the DC stage voltage of the inverter

during regenerative operation is a reference value or less

while the elevating machine is in operation.
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circuit to consune regenerative energy during
regenerative operation. 5. The el evating nmachine
control apparatus according to any of clains 1 to 4,
wherein the decision that al*egenerative 10 operation
is perforned is made by detecting by cal cul ati on that
the regenerative electric power is a predeterm ned
value or nore. 6. The el evating nmachine contro

4. PRPasdévstangondcAgnéocanyrodf apparatut tecbrdifigr €onany
the reference value is set to a 15 voltage val ue

of S1£8h8T11P8N3L haheresh Haké&eﬁérﬁt@ﬁ@”@éﬁh%bnﬁﬁ@?br device
supply supplled to the inverter, and smaller than the

is é@ﬂﬁé%@éd'}? SE@gepéﬁf%}a?SnQPé‘cQ n' SQSQ?E@ F)églstor in

oper at | eéva I'né con ap arat us
di
serfeSonebdirhe BPer peteiabt ovsﬁrﬁgie& ERFASEATT PR She
t orque, command val ue and a gag ngeed Si naI 8. The
r

reg%?%&%?%%% HERAFARAEGROF 0P Ubp B acherbi gSFapaﬁgon
of claims 1 to 6, wherein the regenerative electric

Clr%@hbrt¢sco%%P@9Ié@@@nﬁréhiYﬁeeﬁﬁrgv doringeraganabasive
current.

operation.

5. The elevating machine control apparatus according to any
of claims 1 to 4, wherein the decision that a regenerative
operation is performed is made by detecting by calculation
that the regenerative electric power is a predetermined value
or more.

6. The elevating machine control apparatus according to any
of claims 1 to 5, wherein the reference value is set to a
voltage value greater than the crest value of a commercial
power supply supplied to the inverter, and smaller than the
inverter DC stage voltage during regenerative operation.

7. The elevating machine control apparatus according to any
of claims 1 to 6, wherein the regenerative electric power is
calculated from a torque command value and a cage speed
signal.

8. The elevating machine control apparatus according to any
of claims 1 to 6, wherein the regenerative electric power is

calculated from the motor voltage and motor current.



