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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 escalator. 10 BACKGROUND ART
As shown in FIG 3, an elevatlor 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 to hoist the el evator cage 10.
The illustrated controlSPESIHISHTAANS drives the AC
nmotor 5. In the control apparatus, a three-phase
alternating current froma conmercial power supply 1
is full-wave rectified by a rectifier circuit 2, and

EIBVATING MACH N IJONTROIU WP@RRATYISA snoot hi ng capaci t or
3 further absorbing its ripple conponent. This
converted 20 direct current is converted by an
|nverter 4 to an alternating current of predetermn ned

THOLR AR pd input into the AC notor 5. The

|nverter } I ncl udes a plurallty of seniconductor

devi A t.ar ue €9 a_control
putSEnphes S a8 TRAR, F20Rs PR 2arpBE =81, lppratus
that drives 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 elevatér 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 includés 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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2 controls the conduction width (period for which a
sem conduct or device is on in the process of

repeatedly being on (conduction) / off
(interruption)) of the sem conductor devices of the
inverter 4. 5 Regenerative eﬁ%rgy during regenerative
operation of the elevator is to be consuned by a heat
di ssipation circuit including a regenerating
sem conductor device 12 and a power generation
cantald iy thesioongiuctd onSpcithi daleniodddoimghich a
regenerative operation, the regenerating sem conduct or
sate\dorriub ok? despieat ddl ywnt dhnghenpabiceiss accaepentedly being
with commands from the drive circuit 7, and in that

onprQﬂﬁﬁKﬁﬁ%nQOVd@ﬁﬁlQﬁnWb@&ﬂpth%nQanEOEh%ds@ﬁﬁ%&ﬁﬁﬂ%tor
on the nmagnitude of the regenerative energy, so that

dév@dsegenehat ijhgeenerdy W Il be consumed by the powver
generation braking resistor 13 generating heat. 15 I|f

a fahh&éﬁe?&t&@% Eﬁgﬁggr8&%9983§§§88898£EQE 9§¥#£Eﬁoﬁzof

remal Nrn tar an o
occ then

ower enera i on braki resi tor
the s ﬁght85eﬁﬁe59eg Cafig™ 3@?3 éyfﬁrgeaﬁcggﬁﬁﬁﬁa ﬁonlﬁlrcult
order to detect an occurrence of on failure, various
inglpdipIndaEaPERRAYENI0SEREFOPAYSESEdI8TEFead 2c RBEKRNOWET
the energization state of the power generating
gepeaRitagnr bspkine weshshoredPer atpeel Eeprbly, during

regenerative operation, the regenerating semiconductor device
12 repeatedly turns on/off in accordance with commands from
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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or the Iike (JP 3369890, B), checking the collector

voltage of the transistor used as a regenerating

sem conduct or device (JP 2002-191178, A), and

checki ng the synchroni smof the base 3 signal and

col l ector signal of the transistor (JP 11-199148, A).

Fbmever because all of the approaches are to detect
occurrence of on failure using hardware, there has

.bee a 5 problemin that the additional provision.o

S 5¥{kw%q§ ﬁ§ﬁ3§ s&@@@éeO@bﬁbﬁgGﬁépﬁéﬁt@éhﬁﬂPc&ﬂe&99148
and al so increases the cost. Accordingly, an object

A)of the present invention is to provide an el evating
machi ne control apparatus configured to 10 detect an
on f HoWweverof beheusegehér afi hjeseppecoadhesoardetbcdetect an
W t hout addition of new hardware and give an

ocapirepcieabd onaffatiy upeetstihigoha rlvaCePSUREreFhidEbeen a
| NVENTI ON 15 The present invention provides an

prébeat iingd tARehitAe a@@@%ﬁ@ha@pB%B%E%iohnBEUﬁh@awége makes
inverter controlled according to a torque conmand

thQr8¥VQ%@ £68 @ugthSBeES fp3kgadk bghgegﬁso 18cgfaﬁgﬁ the

pred eternlne Spee comant S|gna a spee
cokprresponding to an actual traveling speed, an AC
not or

Accordingly, an object of the present invention is to
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 torqué 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 by
on/off control of a regenerating semiconductor device during

regenerative operation of the AC motor, wherein the apparatus
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20 connected to the inverter and driven by an AC power

of variable voltage and vari able frequency, and a

power generation braking resistor energized to apply

a brake by on/off control og a regenerating

sem conductor device during ‘regenerative operation of

the AC notor, wherein the apparatus 4 determ nes that

the regenerating sem conductor device is in failure

when it is detected that the DC stage voltage of .the
deteyaings ﬁ§§tatPFp5P§e&G£ﬁFFP9 é?mé0989u95pﬁedéylﬁ8rés in

while the elevating machine is being stopped, and
fagdomebivhent h&é SsePederind ﬁhéh|hbefD6ns§@QﬁtVnétage of the

operating and interrupts power supply to the power
ingemteat has br akppder geastaty oAl besnat vadhg, ornmbhe while

present- i nvention, the apparatus determ nes that the
theegépendtihgomsent aenddchetingext6ppkd, i Bndf prbHibivbelhe

it is detected that the DC stage voltage of the 10

elb@&@&h@rmgéhhﬂg E%gﬁngtﬁktiﬁgoeﬁéﬁthHﬁ'§n3 LRterenpes

val ue | ess |eteeevat|ngrmC|ne|S|n
def
PR S 40 ETES, AP SRR gt

gen istor. 15 Alternat

ool LT, BLAKLI (A SPhE Bl eedne ALPLERLE W ok
de%eggggggtkﬂgt tﬂécggggggggtggélggmigohguctor device is in
failure when it is detected that the DC stage voltage of the
inverter during regenerative operation is a reference value
or less while the elevating machine is in operation, and
commands the elevating machine to stop operating and
interrupts power supply to the power generation braking
resistor.

Alternatively, in the present invention, the apparatus
determines that the regenerating semiconductor device is in
failure when it is detected that 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 prohibits‘the
elevating machine from starting operating and interruﬁts
power supply to the power generation braking resistor, and
determines that the regenerating semiconductor device is in
failure when it is detected that the DC stage voltage of the

inverter during regenerative operation is a reference value



failure when it is detected that the DC stage voltage
of the inverter has a ripple quantity of a set val ue
or nore while the elevating nmachine is being stopped,
and prohibits the 20 el evati machi ne fromstarting
operating and interrupts p r supply.to the power
generation braking resistor, and determ nes that the
regenerating semiconductor device is in failure when
it is detected that the DC stage voltage of the
orj dgsct whidegr the ﬁé@@ﬁ@ﬁ&ﬂl@écaﬁéﬁaﬂﬁoﬁnl§P§rﬁ§ﬂépenééd
value 4/1 or less while the elevating machine is in
coppendsi the ghgevatdnoandshihe &besipbngprrualiing aodst op
operating and interrupts power supply to the power
ingemenptisopolrakisngplyesbsthe. pbwéhegdaeiraicaont batkang
regenerative operation is perfornmed is nade by
redekeeti.ng by cal cul ation that the regenerative
el ectric power is a predeterm ned value or nore. The

eleV?ﬁé”SeEﬁEbbﬂetEQBtéoke&Qﬂ§f§E9§eoépéPQtPéﬁsfgtpérformed
I nventi on can eXtrermly easi | Yy detect an on failure of

t
1o B B9°UBLRLL Mo, EOREHSLOScKhge Y Bencygrive

< BPLE L PBR"F FonPoai RoCOOLPRERLED grasanpe.iarorore

The elevating machine control apparatus of the present
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5 extrenely | ow costs by incorporating the software in
the control circuit for the inverter control. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a bl ock diagram
showi ng a configuration of an 10 el evator contro
apparatus of the present invention. FIG 2 is a flow
chart show ng operations of the - control apparatus.
FIG 3 is a block diagram showi ng a configuration of a
conventional elevator control apparatus. 15 FIG 4
inveoltagas canveksremdlageant 1yl Hesecst rngonopei durengfothe
the el evator control device of the present invention.
regeGeratiag aemdvehdnotdradeatcel budyr byi sgftwppeesithout
generated in the DC stage voltage of the inverter. 20
adBESToNOBE EORpGARRY! HGy LB . THnd NMENTH Qb it £ B3falHaking

control apparatus embodying the present invention

| reViktobecgnespkf tﬁékbfogésﬁEéQQHtQ@ e¥oi HBihEf §7EPREated at

to the drawings. In FIG 1, the sane conponénts as In

exELSﬁe% 6lo§rSOQE?é§9e9n§é£§%£gglﬁﬁ”ﬁ?éfggggggﬁe in the

nuner af s~ as
conpggf 89%@&1€|%g£n€ﬁén9nsg££er control.

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
invehtion.

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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froma comrercial power supply 1 is input into a

rectifier circuit 2 through a power supply

interrupting electromagnetic 5 contactor SW full-wave

rectified by the rectifier circuit 2, and converted

to a direct current by a sno8thing capacitor 3

further absorbing its ripple conponent. This converted

direct current is converted by an inverter 4 to an

alternating current of predeterm ned frequency, and
arienprovidednwé thnthe semer réfepencequnumesatandsf ionFaG. 3.

controller 30 including a mcroconputer is input into

a drAseshownuih FIG.abd ahehdeévphasecalternabihgotsrrent

t he conduction width of a sem conductor device

froRChudefmerctine pBW@EtQﬁpﬁlgAthQtlﬂpﬁﬁlDﬁtboﬁ gbEClFtier
i ncluding a regenerating 15 sem conductor device 12

cizkdi@ POWRLoH Hega bQQrbEﬁﬁFT? 1ﬁ€§k§ﬁ?51ﬁ é?ectroma?netlc
connected to stage © he i nver . The

coﬁt??%ggtbﬁn %hi?uhgvgogéggﬁ 158989eEﬁg'¥8c?9§53¥hc1rcult 2,

regénerati on operation of thé él eva
ontroII ves.a speed, conmand s

ng Oeh et B Par S Fe Rttty B! Aocnsh Eitho58dbatitor 3

Eeed signal 22a output_froma speed detector 22, a

fug P?én?b%%]?éﬁgl bhS sF 4RRI©29aMBARARE - f (UM S QRVeIied
detector 23 for detecting the output current of the

diragbrevrrant aigecghvedtedi gragn2iaventent 4f fonsa

wei ght detector 24 attached to an
alternating current of predetermined frequency, and 1nput

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 a.speed 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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7 elevator cage 10, and a voltage signal 25a output
froma voltage 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 td a t or qgue command
provided froma difference signal between the speed
command signal 20a and the speed signal 22a. The
control function is the same as a conventional one,
elgvatost cagesddibead Bhaodsmoeosigna3o2hasoutput from a
configuration for a safety 10 precaution in the case
valttexe detecatbai R&r €oacdetecitinghéher ggéhegat bifigthe DC stage
sem conduct or device 12. The configuration is
ofr eaki 1e&ely g0l WaTge aGoREESI 1 HEWB HehHYV. a Thenction of
configuration can be divided by function into bl ocks
conftebudiing &nhel BYEDEr BLikkaiel §CELi-CtRAWEhvEERREAUI QBcording
determ ning means 301, 15 a voltage ripple detecting

3
to”ﬁagggggg’c@mﬁghhué829§$ggtkggm HE8?§f§9§nF8ngi88al between

pr ohi I on nmeans regenerative electri

) q S 301 i

e B S bGP g RS BPAebSshpop 22a. e
ne a%ed based on the speed command si gnal 20a,

coggaa PBAREEOD2AS 5Bec8pPenSdat EeRVeRte BA4l ©B8a ang not

wei ght ed signal 24a. The voltage ripple detecting
defEBARe302 is to detect an occurrence

The controller 30 has a configuration for a safety
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 voltage 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
sem conductor device 8 12 when a ripple occurs using
a predeternined value, set alue and reference val ue
descri bed bel ow. The prohibition neans 304 is to
prohibit the elevator fromstarting operating when
the regenerating sem conductor device 12 is in on 5
12f aibler @ rBp@le? osdoowrs asipgcial prepedestinedofvatlie, set

controller 30 for detection of an on failure of the

valege pedatriaTe rehid ¢aNadec deksciebede bddoanNd Bhéeapedyibition
precaution based on the result. The procedure

melafl B@@S ian teN phahlivie dakeeticdndtd? $26hi @Rad¥ihBloperating
st oppage of the el evator cage, an on failure

wh%%ﬁ%ﬁ%'%% %%E%%ﬁn%“%%EQcBHSu%ES%ahgblﬁgeﬁéth%nanaBﬂ a

ecaution~section in the case where an on
fa1? ure |s detected. As shown in FIG 2, first in
gp Si, it is determned 15 whether a speed command

20a rque conmand S given o dete

Chat Ffie' &) dhGw: Scaneti i pbagedirencs: the CpRFrgiier 30

stopped. Wien a speed command 20a is not given and the
fog) éﬁaﬁéf&l@ag@fu anpepndadivppea@f sheprsgepsrpsd®y where

t he
semiconductor device 12 and a safety precaution based on the

result. The procedure includes 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 deteqt 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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vol tage ripple detecting nmeans 302 determ nes whet her
the DC 20 stage voltage of the inverter has a ripple
quantity of a set value or nore to detect that an on
failure occurs in the regengrating sem conduct or
device 12 or not. Generally, “the inverter DC stage
voltage on no load is the maxi num of the AC power
supply line voltage, i.e. 9 snoothed DC vol tage Vd
mai ntai ni ng a peak (crest value) of the three-phase
smgptiefalinyodirgenVdnaadnspinisds Roreakn (Frest yalpgy of
on load, has a ripple voltage Ra superinposed havi ng
tha thegeepbypssi rltempstohgt harA€npowevesappl ps shown in FIG.
frequency, as 5 shown by the broken line in FIG 5. If
5,t bat, eganeépati, npaseri capglet obldagiecBaldupaklimpbsed having
on failure when the elevator is being stopped (when
a ﬁfb@quleﬁ\tgr 8k t3ImB8t oifNtARepat p@a)erwshppmg Feaduency, as
generated, then a discharge current flows fromthe
shBWRObY! BeCRRBREROLidel0n! BERUTB the pover gererallon
braki hg resistor 13 and regenerating sem conduct or
devi a t ;
oves Feffe FRogpehebife tell AdfaniBohnteuibe Ll sattgy tnto
t he,capaci t ance, val ye C of the snoot hin apacitor. 3
on,Rat FHECr HEPS TRECISFAEOR oF PRANoRLPLRSIGARBPR: FBA
. braking resistor 13, resulting in a large ripple
inverter is not in operation) with no load generated, then a

discharge current flows from the smoothing capacitor 3

through the 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, résulting in a large ripple
Rb occurring as shown by the one-dot chain line in FIG. 5.
That is to say, if the regenerating semiconductor device 12
falls into on failure when the elevator is being stopped,
then the DC stége 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



Rb occurring as shown by the one-dot chain line in
FIG 5. That is to say, if the regenerating
sem conductor device 12 falls into on failure when
the el evator is being stopp%2 then the DC stage
vol tage of the inverter, whi h should be a 20 smoot hed
DC voltage, periodically drops, so that a | arge
ripple voltage will superinpose thereon. If the
vol tage of one_phase of the three-phase alternating
FIGur fentnopn2681¥ur@rops to 180 V, for exanple, the
voltage further greatly drops with a ripple
occurring. Accordingly, in step S4 of 9/1 FIG 2, an
on failure 10 is detected by detecting that the DC
stage voltage has a ripple quantity of a set value or
nore. When no on failure is detected, step S1 recurs
to repeatedly determ ne whether the elevator is in
operation or 5 not. Wien an on failure is detected,
step S5 follows, where the prohibition neans 304
prohibits the el evator fromstarting operating. Then
in step S6, the electromagnetic contactor SWis
opened to interrupt power supply to the power
generation braking resistor 13 and prevent the power
10 generation braking resistor 13 from bei ng
over heat ed.
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On the other hand, if the elevator cage is in
operation, step Si is answered yes, and then step S2
foll ows, where the regenerative electric power
generation determ ning nmeans 301 checks whet her or
not the cal cul ated regenerat“be 15 electric power is a
predeterm ned value or nore to determ ne whether a
regenerative operation is being perforned. The
regenerative electric power can be cal cul ated from
1si desesied bof defeciténgothakethavBFt stage. ¥olgageobss a
itenms of information such as the torque command,
rippéedguantadtyvolft ageet2@almeoprcmorent, notor
constant, generated torque, or notor revolution. For

exanphen hd dunrEaglhpadisi fétogtelipestopost reoanaNEo T
varies as showmn in FIG 4(a) and the notor revolution

rePe¥8eley astebPRAMAel MhEtGerdths, ei@@ﬁtb?elﬁoﬂﬁro eration or
consunption and regenerative electrlc power ?

nof0t Gih&@ad Lon bﬁa{ﬂg.rr@ 2y ci@l?eo?tf été% 5 V‘%of’fovs.@e where

torque command ot or revo ution var

eng B8k P1 510k efbget? P BTPa  PPRC EaF o8 PO

FI Al di t 5 be
Stasf-’é?ﬂq' RBErEhitts HiSh (T RE b dthorE ) e ramRgnetic

performed by detecting that the regenerative_electric
copgagEori SWalpr emeredntaednvaruerbr PAYEE. SYRRLY to the power

regenerative electric
generation braking resistor 13 and prevent the power

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 from internal
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 o varies as shown in FIG. 4(b), then the power

consumption and regenerative electric power of the motor can
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power P can be found by the following formula fromthe
nmeasurenents of the notor voltage Vm and notor current
Imand 10 the power factor 0 of the nbtor in constant
speed traveling during load | owering. P = '13Vnl ntos
0O Wien it is determned in sk%p S2 of FIG 2 that the
regenerative electric power is |less than the
predeterm ned 15 value, step Sl recurs to repeatedly
determ ne whether the elevator is in operation or not.

bewheungdhbyr theneradngs (8| sce)i efpbher tpsgupecommand T and
predeterm ned value or nore and it is determ ned that

mofioregevelntive opeandi variysabeshgwpeihoFf€d, 4 (sl ep BBring
foll ows, where the failure detecting neans 303 20

lodat eoReneagy\hehbeponernebnklifpt DRI bRE Pegshagetive
voltage Vd is a reference value or less to determ ne

el%@“ﬂ@rp&\b@r vABGeAST 8hoNE $RNFEQNAUEEP! deMbsRaidgly, it
inon failure or not. If the regenerating

caﬁeﬂécagéggégﬁeée¥h§€ ézrééehgr391véa#%@fgiégﬁfggaﬁgﬁgg

I nverter sta vol tage®rs a

d he f .
ool ELEhER 8y LR, 300, HURC AL ebBEadPhL 17, £t gper

, | full- fied I
wnsué?%;et%m e bt S SO0 S cctric

ower
poger P can be found by the following formula from the

measurements of the motor voltage Vm and motor current Im and
the power factor 6 of the motor in constant speed traveling
during load lowering.
= Y3+Vm-Im-cos ©

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 regenerating semiconductor device 12 is in on

failure, then the inverter DC stage voltage is always less

/
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5 generated, the inverter DC stage voltage Vd wll, as
shown by the solid lines in FIG 4(d) and (f), rise
to around 350 Vto 380 V, which is higher than the
full -wave rectified voltage _of 280 V, because of
el ectric power generated by tfe motor and operation
of the inverter 4. However, if the 10 regenerating
sem conductor device 12 is in on failure, then the
opposite ends of the snpothing capacitor 3 are short-
thary dhier g¢ feirgnciee vpdner gadetiieired oyeakiheg frddiugeocan3be
and regenerating sem conductor device 12, and
dettlegméneds t ler eéxampler DT shageavel ¢ Ageh&/dcommsranal
rise fromthe full-wave 15 rectified voltage of 280 V,

vodtagRowt RYot e bwgudat-weka recdltifeed Rofk@ged (@) udndlly
(f), for exanple,. and does not reach to 350 V.

arﬁ@ﬁ@fd%@gby,theiEeE%@%ﬁ%%a%QN@eeh%c%%&ctgoﬁe¥ah%e
bet ween 280 V and 3507V, so that an on failure

geﬂ%?%%%ﬁ?cgagaang§tg?t%E”EgggsgxP%E? of 3Gt Wihat Bgeﬁagwn by

I nverter stage voltage e referente va

r.l . sWen the generati_n m conduct or _devi ce

endl sof8% HYNER BRTPEBA°NT0E, 83 3FT,) &1SH°HBc aFBUpg" 30 v to
repeatedly deternine whether a regenerative gperation

3805 Vel g%eﬂso hehes thap. thetulfisvgiRererbidisphanl tage
the regenerating sem conductor device 13 12 is in on

oft g8PuVe, Parauseepiselertric Powes grpaeptgdyby, the motor

and operation of the inverter 4. However, if the
regenerating semiconductor device 12 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 regenerating semiconductor device 12 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 regenerating semiconductor device
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step S5 follows to output an el evator operation stop
command through the prohibition neans 304, and
i nterrupt power supply to the power generation
braking resistor 13 with the el ectromagnetic
contactor SWto prevent the wer generation braking
resistor 13 from being overheated. In nost cases, the
regenerating sem conductor device 12 falls into on
failure when in operation, and therefore failures can
12hds dui ORIl fadetiger cand16tap 88sefi BAG-aBovs, appwered yes,
el evator control apparatus of the present invention
stean Sdeffedfionn &n Pakbuiteavf eflh¥atprgeperating stop command
sem conductor device with a sinple configuration of
theplughi nber pevatibagisaf heanhe B0, pentiointegrupe power supply
procedure shown in FIG 2, and therefore can prevent

tot kBeppoRerlgegeratabhobriakakiyngesestston 3f y@rhbenhag
overheated at extrenely |low costs. In the described

el@@@?ghgéﬂét1EabeE§§t6EeSﬁekgcbggvgﬁkhth@hSBWEQe eneratlon

el evat or cage 1s I n operation and bei ng st oppe

brgkg r§§B§§£é¥g6§aEfbﬁyﬂgﬁﬁgugbggﬁeaﬁgh faiﬂtﬁé’t cases,

I'on—an autrons may be
one t he ses., This

tndl kbarRelaLi R nohatohub EaE agR Lrg 18, Pat s e EntRage,

so that practically satisfactory safet% precauti ons
fa&éHrSeWB?BVFHeGP§€é5189'fﬁPﬂuFEeHEfeéﬁl gilures can be

quickly detected.

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



only in any one of the cases if a malfunction is

quickly 14 detected and the safety precaution is

carried out in the one case. Although in the

descri bed enbodinent, it is ﬂfternined that the

el evator cage is in operatioh*/ being stopped

dependi ng on whether there is a speed conmand or not,

as well 5 as this, it nmay be determ ned dependi hg on

whet her there is a torque command or not, or
defecded red Fhcesade tycpueseationf dsneerspeduentadn the one

brake switching. 15 CLAIMS 1. (Anended) An el evating
casechi Abtbongholinapher dessrikbedpensodiment j niferigrdetermined

controlled according to a torque 5 conmand provi ded
thhtorhe dilkfvaterceasiegnal ihebpeeatdopr ¢gdbeenni Bedpppded

command signal and a speed signal corresponding to an

depehdahgt bavehictdcsPeBdreansAG BBLEH coRRAAA! 691 hett hgs well
Inverter and driven by an AC power of variab

asVth:Lége1%ngla:§aﬁ>'eaBE%e§:ﬁl§ﬂHan8}é eﬁa.ding BHV\@Be%Ber there is a
b b e

gener at i on resistor energized to apply a bra

rofdyecRofierfoBy Bgtnerl: PERERRIRRAT BASER BRoSHERhes

t he el evat nachlne control apparatus

inﬁ@?@?hﬁﬁ@ssPﬁ ta§h§-35§eﬁg}5FPﬁ§g
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sem conductor device is in failure when it is detected
that 15 the DC stage voltage of the inverter has a
ripple quantity of a set value or nore while the
el evating machine is being stopped, and prohibits the
el evati ng machine from start %g operating and
interrupts power supply to the power generation
braking resistor. 20 2. (Anended) An el evating machi ne
control apparatus conprising an inverter controlled
according to a torque corf@BMprovided froma
di fference signal between a predeterm ned speed
command signal and a speed signal corresponding to an
actual traveling speed, an AC notor 16 connected to
1.t hamended) eAnaBdegaitiag bucainACcpateblobppuziaitakl e
vol tage and vari abl e frequency, and a power

coaggqgahgoanb&ﬁ%begeke%bﬁkgb1§@argbé@@daﬁga@elx aobkake

on/ o6f f contr ol a regenerating sem conduct or
coﬁﬁxhﬁe WE5&88d5fﬁSﬂe?eHQE%%%eﬁesf%Ehﬁglokekuéeﬁc
erein t evatin e control

h h .
prs@%%%%ﬁﬁﬁsﬂe%ﬁééﬁs;?%émﬁt BH, SAGPPaC BRG n SPRer SigPal: ed
that the DC stage voIt ge of ihe i nverter durln%
CorggeRardtPrdetoop raFFBﬂ |§révﬁ iBPefiPEeFal BB OF MQSer

while the el evating 10 machine is in operation, and
copprfrhRbstohthe| ép¥erfgrnaeri Agiven by an AC power of

variable voltage and variable frequency, and a power
generation braking resistdr energized to apply a brake by
on/off control of a regenerating semiconductor device during
regenerative operation of the AC motor, wherein the elevating
machine control apparatus determines that the regenerating
semiconductor device is in failure when it is detected that
the DC stage voltage of the inverter has a ripple quantity of
a set value or more while the elevating machine is béing |
stopped; and prohibits the elevating machine from starting
operating and interrupts power supply to the power generation
braking resistor.

2. (Amended) 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
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to stop operating and interrupts power supply to the
power generation braking resistor. 3. (Arended) An
el evating machi ne control apparatus conprising an
inverter controlled according.to a torque 15 comand
provided froma difference sﬂbnal bet ween a
predet ermi ned speed conmand signal and a speed signa
corresponding to an actual traveling speed, an AC
notor connected to the inverter and driven by an AC
copareteds toyviheabh¥evderagadaddiveni byl anf A€gpeney, odnd
a power 20 generation braking resistor energized to
vaappbyeavblakgebyndomAnfidbdentfrebuehcy, r egdner poiwvrg
sem conduct or device during regenerative operation of

gehbeaAConbbebkingeresnistbe eheyglizag tonepphe¢ &0BEkERE by
apparatus determ nes that the regenerating

on$@@fceaﬂu959ro@exlgsgbﬁekat&ﬁblHéﬁlaeﬁaubtotsdeeaést@drlng
that 17 the DC stagé vol tage of the |nverter has a

reg H8E3t398”5§%¥a9§on %ekhgakeem8£ g@@%%ﬁ.%ﬁ?selﬁvatlng

evating ma e| ng stopp e

hi f
mach?éa?u”ﬁgrgémsﬁggﬁéﬁP§S?%£t'%958 é EfarPegegerating
br aki resistor, and det nes that the regeneratin
Se@éﬁ?EQﬁSEEFo eyGEcES| in; EaFéPFEr@ hGRehti L8] eH@FEEFeghat

that the DC stage voltage of the inverter during
thgeagngpggevgoltage of the 1nverter during regenerative

operation is a reference value or less while the elevating
machine is in operation, and commands the elevating machine
to stop operating and interrupts power supply to the power
generation braking resistor.

3. (Amended) 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
generation braking resistor energized to apply a.brake by
on/off control of a regenerating semiconductor device during
regenerative operation of the AC motor, wherein the elevating
machine control apparatus determines that the regenerating

semiconductor device is in failure when it is detected that
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operation is a reference value or less while the
el evating machine is in operation, and comands the
el evating machine 10 to stop operating and interrupts
power supply to the power generation braking
resistor. 4. (Anended) The elfevating machi ne contro
apparatus according to any of clains 1 to 3, wherein
the regenerating sem conductor device is connected to
t he power generation 15 braking resistor in series,
then®Ct btapeweplyeger afi bhebinkengerrbsssbtorippdlet fwantity of
regenerating sem conductor device forma heat
a €e$Sivpatie0brCinbeydi WhideCORaUARey@BENGI RAENENENEEQPeing
during regenerative operation. 5. The el evating
stBFﬁBHneaﬁenbEthﬁpﬁér@hése§899tﬁhagm£9h§ﬂ¥ £28mO5tarting
ainms 1 to 4, wherein the decision that a

opé?gﬁgﬁ?aghﬁylntﬁ F§£éo o%?ﬁggﬁ%ﬁigEgo'ﬁhgagng¥ generation

et ect ti Od e regenerati ve
' . B,
o EfiRasts M tod ﬁ%ﬁeﬁ%ﬁ“ﬁ?@% K FOF sBpei i
sepifendie 0153%3‘3 Lofoi€efnBadiyte ugen, b uls gPeseered that

t han the crest value_ of a commercial power supply
theyBpl seage ovehkagaveft Bhe hnvertphn| deringahegpperative

i nverter DC stage voltage during
operation is a reference value or less while the elevating

machine is in operation, and commands the elevating machine
to stop operating and interrupts power supply to the power
generation braking resistor.

4. (Amended) The elevating machine control apparatus
according to any of claims 1 to 3, wherein the regenerating
semiconductor device is connected to the power generation
braking resistor in series, and the power generation braking
resistor and the regenerating semiconductor device form a
heat dissipation circuit to consume regenerative energy
during regenerative operation.

5. The elevating machine controllapparatus 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

Oor more.

6. (Amended) The elevating machine control apparatus
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5 regenerative operation. 7. The el evating machi ne
control apparatus according to any of clains 1 to 6,
wherein the regenerative electric power is calculated
froma torque command val ue, and a cage speed signal.
10 8. The el evating nachinelégntrol appar at us
according to any of claims 1 to 6, wherein the
regenerative electric power is calculated fromthe

not or voltage and notor current.
according to any of claims 2 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.



