- 1 TITLE OF THE | NVENTI ON ELEVATOR CONTROL APPARATUS BACKGROUND OF THE

| NVENTI ON The present invention relates to an elevator 5 control

apparatus, which converts an alternating current supplied froman AC power
supply to a direct current, further converts the direct current to an
alternating current by an inverter, and supplies the direct current to an
electric notor to nove an elevator 10 car up and down. In a conventional

el evator systemprovided in a building; alrope provided with a cage and a,
counterwei ght at both ends is hung on a sieve of a notor provided in the
upper side of an up-and-down 15 path. Usually, the weight of a
counterwei ght is adjusted to tRETWE @it THEbINABENTADNY equal to the weight
of an elevator car filled to half of its loading capacity. Therefore, if a
| oad of an el eVattoATEHT GONTRG: ARHARMGUS ts capacity, the car and

count erwei ght are 20 unbal anced. Thus, a brake unit is incorporated to hold

an el evator car at a standstiBACKGRGNR &GF THE fBHRNTIMhi ng out of control

when st oppi hg an unl car at each floor and halting the

3ﬁ%{jed eI%yator t %
‘driving force of a HLESETHO T IS UA S HES & mBPh&4fTREW%hi ch br akes
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current supplied from an AC power supply to a direct
current, further converts the direct current to an
alternating current by an inverter, and supplies the
direct current to an electric motor to move an elevator

10 car up and down.

In a conventional elevator system provided in a

building, a rope provided with a cage and a
counterweight at both ends is hung on a sieve of a
motor provided in the upper side of an up—and—down

15 path. Usually, the weight of a counterweight is
adjusted to the weight substantially equal to the
weight of an elevator car filled to half of its loading
capacity. Therefore, if a load of an elevator car is
not half of its capacity, the car and counterweight are

20 unbalanced. Thus, a brake unit is incorporated to hold
an elevator car at a standstill to prevent it from
running out of control, when stopping an unloaded
elevator car at each floor and halting the driving
force of a motor.

25 _ The brake unit has a mechanism, which brakes by a
frictional force generated by pressing a brake shoe to

a moving part (a rotary drum) by an energizing force of



2 aspring, in a state that power is not turned on. Wen starting a notor
braked by this brake unit, send a brake release signal to the brake unit,
open the spring by a magnetic force of an el ectromagnet, for exanple, 5
and separate the brake shoe fromthe novable part (rotary drun).
Therefore, in the state that the elevator systemis not working, the brake
unit is held in the state of braking the notor. In the other states than

t he above normal 10 operation state, when any-error is detected in an

el evator and an elevator car is urgently stopped, the braking force of
this brake unit is used. If the brake unit incorporated in an el evator
fails and the br apeishge iirs 4 eftlatzepanat @dwbromst het i5rmevabhe panktn
(rotary drum when the power is interrupted, an el evator car runs out of
control and f &ltastiimico aa nddirge boakest &tye thnlkepgatkke uadr , andndcaunt er wei ght
are bal anced, even if a brake signal is sent to the brake unit when the

el evator car | ®rgkeppedcas@ stigaadhthl be. brkanuedtter opsndehectpdiagd an
el evator is wurgently stopped while the brake unit fails, a braking force
for urgently d&&ePefafBeidcelfevstorican réersspmagnegecfeasedamahd, an

eIevatorSCar i S_not sufficieg&L% 2? br aked, cannot be stopped before a
term nal end of"8nSHBAAE- & PafR, SHAB §5e® FREoTavaRh§ePBLs state. To

avoi d the abov?rQ%Q9$r8gﬁm§§at@h%%%%ggePyiﬁ the state that the
elevator system is not working, the brake unit is held
in the state of braking the motor.

In the other states than the above normal

10 operation state, when any error is detected in an
elevator and an elevator car is urgently stopped, the
braking force of this brake unit is used.

If the brake unit incorporated in an elevator
fails and the brake shoe is left separated from the

15 movable part (rotary drum) when the power is
interrupted, an elevator car runs out of control and
falls into a dangerous state unless the car and
counterweight are balanced, even if a brake signal is
sent to the brake unit when the elevator car is stopped

20 at each floor.

If an error is detected and an elevator is
urgently stopped while the brake unit fails, a braking
force for urgently decelerate an elevator car is lost
or decreased, and an elevator car is not sufficiently

25 braked, cannot be stopped before a terminal end of an
up-and-down path, and goes intoc a dangerous state.

- To avoid the above dangerous state caused by a



3 trouble of a brake unit, Published Japanese Patent No. 2,526, 732
proposes technology to concurrently use a brake unit and regenerative
braki ng at an emergency stop. This regenerative braking is also called a 5
dynam c brake, which obtains a braking force by connecting a braking

i npedance to a wnding of a notor, and consum ng an induced voltage
generated in the wnding by the braking i npedance. The regenerative
braking function is effective for 10 & nm# or- which can establish a field
magnetic flux wthout supplying power to a power wi nding, or for a

per mmnent magnet synchroni zed notor in which a field magnetic flux is

al ways establ i shedibler of sepatzadeeluyitexubed sBEdNULPEnekea Phitagar nmotor. 15
However, the dynam c brake configured as above needs a |oad resistance to
consune regenelNat.i Ve €fer/gy prgemersatedeichnalogtotp accontaetitlg separate
each load resistance froma power line in nornmal operation, and a contact
to separate a WEEHE ahdtaandadegesiespaare broMming ah envemeegeatythe time
of braking. As a result, the manufacturing cost of the whole el evator
control apparéFQQ'isTPﬁéréﬁ@@&?réﬁévﬁh€r§%iégo#5tﬁéséléﬁ&@@d acont r ol

apparatus IS igpreaseq EFIEF EUN%AR% CE THE | NVENTI ON 25 1t is an object
of the pPesent “YRIBACI BA2KS: BPEGPIEPEABF e9aPbr <tBAt £BFCEpBYr at us, whi ch
can realize a Lggenerati ¥e,DLaklno;fungLhon Py LeJyshig the o motor,
and consuming an induced voltage generated in the
winding by the braking impedance.
The regenerative braking function is effective for

10 a motor which can establish a field magnetic flux
without supplying power to a power winding, or for a
permanent magnet synchronized motor in which a field
magnetic flux is always established, or a separately
excited DC motor or a linear motor.

15 However, the dynamic brake configured as above
needs a load resistance to consume regenerative energy
generated in a motor, a contact to separate each load
resistance from a power line in normal operation, and a
contact Lo separate a motor and a load resistance from

20 an inverter at the time of braking. 24As a result, the
manufacturing cost of the whole elevator control
apparatus is increased, and the size of the elevator
control apparatus is increased.

BRIEF SUMMARY OF THE INVENTION

25 It is an object cof the present invention to

provide an elevator control apparatus, which can

realize a regenerative braking function by reducing the




4 manufacturing cost and size of the apparatus. Nanely, an el evator
control apparatus according to the invention conprises a rectifier circuit
to convert AC power from an AC power supply to DC power; a 5 snoothing
capacitor to snooth a ripple of the DC power converted by the rectifier
circuit; an inverter which is forned by connecting di odes and sw tching
elenments in the formof a bridge, and outputs the snoothed DC power by
converting to variable voltage/ frequency AC 10 power; an electric notor

whi ch noves an el evator car up and down by driving fromthe AC power
output fromthe inverter; and a brake unit which controls

ener gi zi ng/ i nt exanudkticdn rafhge acts tswntic Biing elferert apbarthesinverter so that
the variabl e vol tage/ frequency AC 15 power is output according to a

predet erni ned oper atNagi¢ L ypatanesd evatg rneohanicd akblbpalyeskes amoeerény of an
el evator car; wherein the electric nmotor iis regeneratively braked by
operating the brake fnitet dNVERARET: KETBEAGEEOR ESFLWAGRTL RATEN&VAtOr car
arrives at 20 a floor, tching el epents of one polarity

th
side of the i n78PVEFE ggdp888%?|3 h@g g&:?8ﬂ?ﬁgsép8 nts Bf Fﬂ@eﬁfh%r
po o yssie 4fcs) e upstion ol g Rrake Uy, 5 doleetsd e the

el evat or car arrives a
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dynam c brake of an el evator cont
is formed by connecting diodes and switching elements

in the form of a bridge, and outputs the smoothed DC
power by converting to variable voltage/frequency AC
10 power; an electric motor which moves an elevator car up
and down by driving from the AC power output from the
inverter; and a brake unit which controls
energizing/interruption of each switching element of
the inverter so that the variable voltage/frequency AC
15 power is output according to a predetermined operation
pattern, and mechanically brakes movement of an
elevator car; wherein the electric motor is
regeneratively braked by operating the brake unit to
brake the elevator car when the elevator car arrives at
20 a floor, and closing the switching elements of one
| polarity side of the inverter, and opening the
switching elements of the other polarity side, if a
‘malfunction of the brake unit is detected when the
elevator car arrives at a floor.
25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a view showing an example of

configuration of a dynamic brake of an elevator control




- 5 apparatus according to a first enbodi ment of the present invention;
FIG 2 is a view show ng an exanple of configuration of a dynam c brake of
a conventional 5 elevator control apparatus; FIG 3 is a view show ng an
exanpl e of configuration of an el evator control apparatus according to a
first enbodi ment of the invention; FIG 4 is a view show ng an exanpl e of
10 configuration of an el evator control apparatus according to a second
enbodi ment of the invention; FIG 5 is-a \i ew show ng an exanpl e of
configuration of an el evator control apparatus according to a third
enbodi nent of the invention; 15 FIG 6 is a view showi ng an exanpl e of
confi guration epparacheyvattoordingr cb appatratusmbadimedtngft oha fourth
enbodi ment of the invention; FIG 7 is a view show ng an exanpl e of

confi guration ®fFesenél éraeoticontrol apparatus 20 according to a fifth
enbodi ment of the invention; and FIG 8 is a view show ng an exanpl e of
configuration of anfdlGevdt 86 eoNtewnl sappanat a8 cxetordi a§ to a sixth
enbodi nent of the _invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25
Enbodi ments of CPREIEPEEERPN Afeft FBRMEFI PBRXeeRpl &i ReAVARFEPRaiter with

reference to the, accompanying draw ngs,

FIG. 3 1s a view showing an example of
configuration of an elevator control apparatus
according to a first embodiment of the invention;

FIG. 4 is a view showing an example of

10 configuration of an elevator control appafatus
according to a second embodiment of the invention;

FIG. 5 is a view showing an example of

configuration of an elevator control apparatus
according to a third embodiment of the invention;
15 FIG. 6 1s a view showing an example of
éonfiguration of an elevator control apparatus
according to a fourth embodiment of the invention;
FIG. 7 is a view showing an example of
configuration of an elevator controcl apparatus
20 according to a fifth embodiment of the invention; and
FIG. 8 is a view showing an example of
configuration of an elevator control apparatus
according to a sixth embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION
25 Embodiments of the present invention will be
explained hereinafter with reference to the

accompanying drawings.



6 - (Enbodinment 1) A first enbodi ment of the present invention will be
explained. First, a dynamc brake is explained. FIG 1 shows 5 an exanple
of configuration of a dynam c brake of an el evator control apparatus
according to the first enbodinment of the invention. In the dynam c brake
shown in FIG 1, a three- phase alternating current supplied froman AC
power 10 supply is full-wave rectified to a direct current by a rectifier
circuit 11. Aripple of the rectified dirext —current is absorbed by a
snoot hing capacitor 10, and the direct current is supplied to an inverter
circuit. At both ends of the snmpothing capacity 10, a serial 15 circuit
conposed of a danpi ngmbesiisteort & )and a danping resistor energizing el enent
9 is provided. In the inverter circuit, six parallel circuits 7 conposed
of diodes 33 and swift ghiinsg elmbmetiten34 odr éhecpmeeehed inmenhéchowmiaf a

bri dge. By energ|2|n% and 20 interrupting each switching el enent 34 of the
inverter circlft ebPlaipgdse- wi dth nodul ation (PWW signal froma

not - shown operation control unit, the input direct current is converted to
a three-phase al ter idtifg cﬁﬁP@WﬂChQ¥ﬁﬁ6 6pt FERARINPEquefidl - ahdSherEage,

the oper a1 on” “BoRtEBPIGRPE. EGRASSEXobiPgR: confUnEnes Bheke hr et | o
peration “co n g paket ft edn
elevator contro; apparatus according to the first
embodiment of the invention.

In the dynamic brake shown in FIG. 1, a three-
phase alternating current supplied from an AC power

10 supply is full-wave rectified to a direct current by a
rectifier circuit 11. A ripple of the rectified direct
current is absorbed by a smoothing capacitor 10, and
the direct current is supplied to an inverter circuit.
At both ends of the smoothing capacity 10, a serial

15 circuit composed of a damping resistor 8 and a damping
resistor energizing element 9 is provided.

In the inverter circuit, six parallel circuits 7
composed of diodes 33 and switching elements 34 are
connected in the form of a bridge. By energizing and

20 interrupting each switching element 34 of the inverter
circuit by a pulse-width modulation ({(PWM) signal from a
not-shown operation control unit, the input direct
current is converted to a three-phase alternating
current having optional freguency and voltage, and

25 supplied to an electric motor 1.

When stopping the electric motor 1, the operation

control unit sends a voltage command to open three




7 switching elenents 34 on the positive side of the inverter circuit,

to close three swtching elenments 34 on the negative side:. A closed

circuit is forned by the closed switching 5 elenents 34 on the negative

side of the inverter circuit and the field winding of the notor 1.

Therefore, the regenerative energy produced by the
generated in the field winding is

process wherein the 10 regenerative curremt fdows in the above cl osed

circuit. Therefore, a braking force is applied to the notor 1, and the

notor 1 is stopped within a short tine. FIG 2 shows an exanpl e of

configuration eWidchdygasilemenalse 3¢f oa thrvensionak elidgaborthd5 In the

el ectronotive force
consuned in each field winding in a

and

dynam ¢ brake shown in FIG 2, a three- phase alternating current supplied
froman AC poméﬂve§ﬁﬁﬁlylm§uﬁ@blamévéoreépséledreg awiitckthgcetemabtby a
rectifier CIrCUIt 11. Aripple of the rectified direct current is absorbed
by a snoot hi ng éaﬁ&cF@@rnfgat&ﬁ@ 20dehe direct current is supplied to an
inverter circuit in a.later stage At bhoth ends of the snpothing  capacity

10, a seri al

C|rcui €&ﬁ§8§e&16F & dafipiRgTeresYstoF 8laRadasHaRpRAGI
t t 9 de th t t,
bar &l | 6l Sa rourt 89n a0 the BRaaEL VS35 4n Shi LRI HeVertrent s 34 are

connected in tB?rEBEg1QBdat9é'gggldaxlﬁgfﬁgl5fn9hgqgotor 1.
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Therefore, the regenerative energy produced by the
electromotive force generated in the field winding is
consumed in each field winding in a ?rocess wherein the
regenerative current flows in the above closed circuit.
Therefore, a braking force is applied to the motor 1,
and the motor 1 is stopped within a short time.

FIG. 2 shows an example of configuration of a
dynamic brake of a conventional elevator.

In the dynamic brake shown in FIG. 2, a three-
phase alternating current supplied from an AC power
supply is full-wave rectified to a direct current by a
rectifier circuit 11. A ripple of the rectified direct
current is absorbed by a smoothing capacitor 10, and
the direct current is supplied to an inverter circuit
in a later stage. At both ends of the smocthing
capacity 10, a serial circuit composed of a damping
resistor 8 and a damping resistor energizing element 9
is provided.

In the inverter circuit, six parallel circuits 7
composed of diodes 33 and switching elements 34 are

connected in the form of a bridge. By energizing and

Si X



- 8 interrupting each swtching elenent 34 of the inverter <circuit by a
pul se-w dt h nodul ati on (PW) signal froma not-shown operation control
unit, the input direct current is converted to a three-phase alternating 5
current having optional frequency and voltage, and supplied to an electric
notor 1 through a conductor contact 31 and a power line. A load resistor
30 for consum ng regenerative energy is connected between the power |ines
through the 10 conductor contact 32. I-n such an el evator control

apparatus, in the normal state, the conductor contact 31 is closed, and

t he conductor contact 32 is opened. Therefore, the notor 1 is driven by

t he t hr ee- phaseé ndletretupatiingg ekShcuwienhiaupplieedntr Gm vhetheventerterrcuit.
When stopping the electric notor 1, the operation control unit operates

t he brake unit ciigcuiickbaniacablskrakidnl, mpdristobh 4APRMPMAL ghghafsohoa t he
switching elenments 34 of the inverter circuit, stops the DC/ AC 20
conversi on of fREShPEPt PeERLEANt COBPERS HRéteohBacidPutcdhract 31, and

cl oses the conductor contact 32, Therefore, the regenerative energy
generated in t BTTRBEOrFS1CPEVESREHMER By tPRESIBABSE 31 6E6R28OTt he  br aki ng

force iscapplied to the motor 1, .and,the notor 25 is.stopped within a
Short ¢ e ConEFERS TRLLagnan £8BF AkeceBRotRy | Arf 51 858RE S 2t he

dynami c brake ghgwpibp ELGinled088 POt 0ESH 1 through a conductor
contact 31 and a power line.

A load resistor 30 for consuming regenerative
enerdgy 1s connected between the power lines through the

10 conductor contact 32.

In such an elevator control apparatus, in the
normal state, the conductor contact 31 is closed, and
the conductor contact 32 is opened. Therefore, the
motor 1 is driven by the three-phase alternating

15 current supplied from the inverter circuit.

When stopping the electric motor 1, the operation
control unit operates the brake unit for mechanical
braking, turns off all PMW signals for the switching
elements 34 of the inverter circuit, stops the DC/AC

20 conversion of the inverter circuit, opens the conductor
contact 31, and closes the conductor contact 32.
Therefore, the regenerative energy generated in the
motor 1 is consumed by the load resistor 30, the
braking force is applied to the motor 1, and the motor

25 1 is stopped within a short time. |

Comparing the dynamic brakes shown in FIG. 1 and

FIG. 2, the dynamic brake shown in FIG. 1 does not need




9 the load resistor 30 and conductor contacts 31 and 32 shown in FIG 2,
and the manufacturing cost can be decreased and the apparatus size can be
reduced. Next, explanation will be given on an elevator 5 control
apparatus having the dynam c brake shown in FIG 1. FIG 3 shows an
exanpl e of configuration of the elevator control apparatus according to
the first enbodinent of the invention. In the configuration shown in FIG
3, the 10 explanation on the same conpcenerts-as those of the configuration
shown in FIG 1 will be omtted. In the elevator control apparatus shown
in FIG 3, the notor 1 controls rotation of a main sieve 41. A rope 2
whose both endseadeatl xedistoa G6i bindgcéddattan upnaadtdodm ihdpath is
hung on the main sieve 41 and two sub-sieves 42 and 43. Each of the

sub-si eves 42 shewa3ipsFpGevidedndwithlh manefevhtoingacoStandnabe
counterwei ght 4. The el evator control apparatus has a run command unit 12,
a speed- cont r oPc€sRAERE BRPt the, agretpEeEAt 5126 eontpel reduradd unit 14, a
current detector 15, a walsi%nal, enerator 16, a wi nding short-circuit
conmand unit 17, aN§%&’bFER&SBAFIPIIEEELt BE F8YER €hr FBnELlOEREE  bet ween

t he invegter cigcgkt and nn%or % i S de%gg;&d b ,thg cgrrent det ector 15,
and 25 3pplied o P%eagﬁ?Fg Focot by com %%a%h?t ﬁ%.eTﬁ?%%nff?st .
switches 45 argrgroyl degrget yeen ke, Wk 0. SHPT Lo GHIGHL L, fOMBRd Unit 17
and PWM si gnal
the elevator control apparatus according to the first
embodiment of the invention.

In the configuration shown in FIG. 3, the

10 explanation on the same components as those of the

configuration shown in FIG. 1 will be omitted. 1In the
elevator control apparatus shown in FIG. 3, the motor 1
controls rotation of a main sieve 41. A rope 2 whose
both ends are fixed tc a ceiling 44 of an up-and-down
15 path is hung on the main sigve 41 and two sub=-sieves 42
and 43. Each of the sub-sieves 42 and 43 is provided
with an elevator car 3 and a counterweight 4.
The elevator control apparatus has a run command
unit 12, a speed-control command unit 13, a current-
20 control command unit 14, a current detector 15, a PWM
signal generator 16, a winding short-circuit command
unit 17, and a brake error detector 18.
A current value between the inverter circuit and
motor 1 is detected by the current detector 15, and
25 applied to the current-control command unit 14.
Three first switches 45 are provided between the

winding short-circuit command unit 17 and PWM signal



10 generator 16. These first switches 45 are connected one-to-one to
termnals of three second switches 46 and three termnals of the w nding
short-circuit command wunit 17. The second switches 46 can be switched 5
between the termnals of the current-control command wunit 14 and a ground
termnal. The run conmmand unit 12 outputs a brake open signal, and
connects the second switch 46 to the <current-control command unit 14, when
running the 10 elevator car 3. The run cbbmend unit 12 al so outputs the
brake open signal to the brake error detector 18. The brake error
detector 18 has a function of switching the first switch 45. The brake
error detector géBeretervé$.t hEhéSebfaketopentshgnall5f aom thenetnedommand
unit 12, and connects the first switch 45 to the current-control comuand
unit 14. A rot &PFoAcafgketdetecnonadsdetfethsea secarfoavinngee 66 aheé not or
1. The detection result by the 20 rotation angle detector 6 is input to the
speed- control tE&RfAETUARELE30T ThRE spéRdlRYntrof t coimandt upprnad

calculates the ro aﬁ'on ﬁ eed of the pptor 1 gased on the rotation angle
sent fromthe FBtation a BFeseBE?gc?%+t%he%54 hedR pRredSEbhERet conmmand unit

Lot Bh e, & LALAYECCULoPL-FOITERC, P AL PLEL 4R LLE gttaspd-control
unit 14 and a ground terminal.

The run command unit 12 outputs a brake open
signal, and connects the second switch 46 to the
current-control command unit 14, when running the

10 elevator car 3.

The run command unit 12 also outputs the brake
open signal to the brake error detector 18. The brake
error detector 18 has a function of switching the first
switch 45. The brake error detector 18 receives the

i5 brake open signal from the run command unit 12, and
connects the first switch 45 to the current-control
command unit 14.

A rotation angle detector 6 detects a rotation

angle of the motor 1. The detection result by the

20 rotation angle detector 6 is input to the speed-control
‘command unit 13. The speed-control command unit 13
calculates the rotationlspeed of the moter 1 based on
the rotation angle sent from the rotation angle
detector 6.

25 The speed-control command unit 13 outputs a torque
current command of the moter 1 to the current-control

command unit 14, so that the calculated speed meets the




- 11 - acceleration/decel eration speeds and constant speed of the el evator
car in a process of operating the elevator car 3 froma starting floor to
an arriving floor. The current-control comrand unit 14 outputs a 5

t hr ee- phase voltage command to the PWM signal generator 16, so that the
current detected by the current detector 15 neets the current equival ent
to the torque current command. The PWM signal generator 16 sends a PWV
signal to each switching elenment 34 of-th&linverter 10 circuit, so that a
vol tage equivalent to the voltage command is output to the notor 1.

Nanely, the PWM signal generator 16 functions as a run control unit which
control s ener gieziceg caad iiont/ éercepeirag ipowepetds eadhcsmstshtngoekanent 34 of
the inverter circuit, so 15 that a variable voltage/frequency AC power is
out put accor dith§ ﬁéeaa@pédéﬁérmﬂnédp@péﬁaslgﬁ prererhng\Wea ehevatevat or
car 3 runs close to an object floor, the run conmmand unit 12 sends a brake
signal to theCBraRelé&fror gépEEHHE f8oakdta RRi efronibgakeoanit 5 20 t hat

is a brake to necha&hcall brake the novenent of the elevator car 3, sets
the friction brake Ufft S E§ G 8Patelo FOHW§R?anﬂHe1ﬂDPBFPEtSaﬂd swi t ches

th d h 46.tg th dt de wh !
ovator® Sm%é%rlv gag ae%géggn ?ﬂ§5$§2€8oﬁh% %W%5Sh%¥%11%g$%ﬁ%E?5ns as

el evat or “car

a brake controbgunih £QaaCtyat ey L. | GLELLOD)DEFKEnLLL el OT der o stop

t he novenent t he el evator
: detector 15 meets the current eguivalent to the torque

current command. The PWM signal generator 16 sends a

PWM signal to each switching element 34 of the inverter
10 circuit, so that a voltage equivalent to the voltage
command is output to thé motor 1. Namely, the PWM
signal generator 16 functions as a run control unit
which controls energizing and interrupting power to
each switching element 34 of the inverter circuit, so
15 that a variable voltage/freguency AC power is output
according to a predetermined operation pattern.
When the elevator car 3 runs close to an object
floor, the run command unit 12 sends a brake signal to
the brake error detector 18 and a friction brake unit 5
20 that is a brake to mechanically brake the movement of
the elevator car 3, sets the friction brake unit 5 to a
state of braking the motor 1, and switches the second
switch 46 to the ground terminal side. Namely, when
the elevator car 3 arrives at a floor, the run command
25 unit 12 functions as a brake control unit to actuate
the friction brake unit 5 in order to stop the movement

cf the elevator car 3.



12 The friction brake unit 5 sends a state signal indicting the

open/cl ose state of the friction brake to the brake error detector 18. The
brake error detector 18 receives the brake signal fromthe run conmand
unit 5 12, and regards the friction brake as being not closed when the
state signal fromthe friction brake unit 5 indicates opening of the
friction brake. The brake error detector 18 sends a command signal to stop
the elevator car 3 to the run command-unilZ 12, in order to 10 operate the
dynam c brake, and switches the first swtch 45 connected to the PW
signal generator 16 from the current-control conmmand unit 14 to the

wi ndi ng short-circdite dormmndenumingke7 unNamél pentise absalké cesignaldet ect or
18 functions as an error detector to detect a 15 mal function of the
friction brakel@fictgnghéher ppendrépacorstesr 3fakhpvésiatianf bsake Fhe

wi ndi ng short-circuit command unit 17 outputs a control signal to open
t hree smﬁtchiné glgﬁ@ﬁFSGSﬁoroﬁ§t§F58ro#%theTE?rEEPF? REFBTt ABTERERE

i t chi 20 el . on.th sitive _side, a to close three .,
ot ohi g 2P o BRALR  SEOR ALl BLROR LiaT CPontREet Puf S8Rl ts
recei veszt he skgna f i.ndi NQLt - Cli i AN nj opens
thregvsmftchin%géléﬁgn%ggéﬁagn%?Eekgggﬁggéebg%égggéngggggcﬁ%ggéi?%r%g P
swi tching el enpRts 34.08thhe BegabiVverosi fge FheRy:idnChesed Ghicuit is

formed by the three

indicates opening of the friction brake. The brake
error detector 18 sends a command signal to stop the
elevator car 3 to the run command unit 12, in order to

10 operate the dynamic brake, and switches the first
switch 45 connected to the PWM signal generator 16 from
the current-contrel command unit 14 to the winding
short-circuit command unit 17. Namely, the brake error
detector 18 functions as an error detector to detect a

15 -malfunction of the friction brake unit 5 when the
elevator car 3 arrives at a floor.

The winding short-circuit command unit 17 outputs
a control signal to open three switching elements on
one side of the circuit, here the three switching

20 elements 34 on the positive side, and to close three
switching elements 34 on the other side.

The PWM signal generator 16 receives the signal
from the winding short-circuit command unit 17, opens
three switching elements 34 on the positive side, and

25 closes three switching elements 34 on the negative
side.

Then, a closed circuit is formed by the threse




13 switching elements 34 closed on the negative side of the inverter
circuit and the field wwnding of the notor 1. Therefore, the regenerative
energy produced by the electronotive power generated in the field w nding
is 5 consunmed by each field winding in the process wherein the
regenerative current flows in the above closed circuit. As a result, a
braking force is applied to the notor 1, and the notor 1 is stopped within
a short time. 10 Nanmely, when a mal functisn of the friction brake wunit 5
is detected, the PW signal generator 16 and the w nding short-circuit
command unit 17 closes three swtching elenents 34 on one side of the
inverter circ@wltcindgopdeseniise8dswilbekiingnektbrentga84venstidie &5 ot her
side, and functions as a regenerative braking control unit for

regener ati vel y theakinygrithe gotepit. and ekpl diméd abodéngt hé ehevamvber
control apparatus _according to the first enbodi nent of the invention can
prevent the el évat 8RCE&EC3Sr r SREr GRAFRGIBHE VEf SBBREVOPL26UGAGNPHAr Qi ng at
a flow, even if_the friction brake wunit 5 does not _wo normal |y,

Ther ef or e, saf@%ﬁcgfomPﬁévgl893?5rgSQﬁIBEe?n&PeEE@d?l?igaﬂﬂP??%ﬂ,l%ince t he
dynam c brake i r.at pening/closing the . switching el enents 34 of
t%e inve?ter cF?ggﬁﬁ?8a5?0§§C§5%%gggs %?ééﬂ éncBR%u%f%?eﬁgnY%%feln

conventional | ¥ neCaubLRO-REEORBCHARERESERYs 2dROC.OBPLTALLULENT COSt
can be reduced and the apparatus size can be nade
circuit. As a result, a braking force is applied to
the motor 1, and the motor 1 is stopped within a short
time.

10 Namely, when a malfunction of the friction brake
unit 5 is detected, the PWM signal generator 16 and the
winding short-circuit command unit 17 closes three
switching elements 34 on cne side of the inverter
circuit, and opens three switching elements 34 on the

15 other side, and functions as a regenerative braking
contrel unit for regeneratively braking the motor 1.

As explained above, the elevator control apparatus
according to the first embodiment of the invention can
prevent the elevator car 3 from running out of control

20 when arriving at a flow, even if the friction brake
unit 5 does not work normally. Therefore, safety of
the elevator can be increased. 1In addition, since the
dynamic brake is operated by opening/closing the
switching elements 34 of the inverter circuit, a load

25 resistor and a conductor contact conventionally
reguired become unnecessary, and the manufacturing cost

can be reduced and the apparatus size can be made




- 14 - conpact. (Enbodi ment 2) A second enbodi nent of the invention wll be
expl ai ned. Anong the conponents of the elevator 5 control apparatus
according to the foll owi ng enbodi nents, the explanation on the sane
conmponents as those shown in FIG 1 will be omtted. In the operation of
the el evator control apparatus according to the follow ng enbodi nents, the
operations from 10 nornmal start of operation to arrival at a flow are

al nost the sanme as those explained in thelfdirst enbodinent, and the
detail ed explanation on themw Il be omtted. FIG 4 shows an exanpl e of
configuration of an 15 elevator control apparatus according to the second
enbodi nent of thapknvention. As shown in FIG 4, the elevator control
apparatus according to the second enbodi ment of the invention is provided
with a stop positionEmbpgipend dhd a first 20 free-run detector 20, instead
of the brake error _detector 18 explained in the first enbodi nent. Wen
runni ng the el evat of €§F°33 eRBOHIRSESNAANENS UANYenbiout Bits Aebr ake open

signal, and conneits tge égcond switch 46 to the current-control command
unit 25 14. TABPIAATESMendCuRi tPe2CaPRN Ut PURS tHie Bhek@tobpen signal to

the fi rsé freeégrlilgrgft g&tagll:‘a gstgégggging to the following

empodiments, the explanation on the same components as
those shown in FIG. 1 will be omitted. In the
operation of the elevator control apparatus according
to the following embodiments, the operations from

10 normal start of operation to arrival at a flow are
almost the same as those explained in the first
embodiment, and the detailed explanation on them will
be omitted.

FIG. 4 shows an example of configuration of an

15 elevator control apparatus according to the second
embodiment of the invention.

As shown in FIG. 4, the elevator control apparatus

' according to the second embodiment of the invention is
provided with a stop position memory 19 and a first
20 free-run detector 20, instead of the brzke error
detector 18 explained in the first embodiment.

When running the elevator car 3, the run command
unit 12 outputs a brake open signal, and connects the
second switch 46 to the current-control command unit

25 14.
The run command unit 12 also outputs the brake

open signal to the first free-run detector 20 through




15 the stop position nmenory 19. The first free-run detector 20 has a
function of switching the first swtch 45, and connects the first switch
45 to the current-control command unit 14 when receiving the 5 brake open
signal fromthe run command unit 12. When the el evator car runs close to
an object floor, the run command unit 12 sends a brake signal to the
friction brake unit 5 and stop position nenory 19, and sets the friction
brake unit 5 to a state of 10 braking thelhotor 1. The run command unit 12
switches the second switch 46 to the ground term nal side. Receiving the
brake signal, the stop position nenory 19 outputs the signal to the first
free-run det ethsr s20p andistonemembeayvaPue Bher 6iastofrangkenl5 i ndi cated

by the rotation angle detector 6 as a result of detection. Receiving the
brake signal, fRéefritpst 2fr Basranfunetéenopt2evinpoisgt hbevaiustof rotation

angle indicated, by t rotation angle detector 6 as a result 20 of
de?ection, andsgéﬁ%arggftﬁagiﬁBBPe9gFuEhﬁﬁfﬁrFEeSW%EFheééft@o¥%%ion aﬂgle
t din the sto sition .nmenor 9. en, the difference between the
ioﬁ%grehn Va|USEr?§R§GEPngrB}e88P8¥H%n88Y$e$%r%%%% Vafeey tEhetlEi r st
free-rungdetec 0.j.udg t % r.car_25 3 has. started free
runni ng gausedgg%ké 8€%gc§§8ﬁg?hggg§rﬁégigﬁgb?% e h%%?gt%fbperate t he

dynamic brake, theyfhihstntreeatyRodeleet P20 04L0ULS anconyRRd Signal

floor, the run command unit 12 sends a brake signal to
the friction brake unit 5 and stop position memory 19,
and sets the friction brake unit 5 to a state of

10 braking the motor 1. The run command unit 12 switches
the second switch 46 to the ground terminal side.

Receiving the brake signal, the stop position
memory 19 outputs the signal to the first free-run
detector 20, and stores the value of rotation angle

15 indicated by the rotation angle detector 6 as a result
of detection.

Receiving the brake signal, the first free-run
detector 20 inputs the value of rotation angle
indicated by the rotation angle detector 6 as a result

20 of detection, and compares the input value with the
value of rotation angle stored in the stop position
memory 19. When the difference between the compared
values is over a predetermined reference value, the
first free-run detector 20 judges that the elevator car

25 3 has started free running caused by a defect of the
friction brake. Then, to operate the dynamic brake,

the first free-run detector 20 outputs a command signal




- 16 to stop the elevator car 3 to the run command unit 12, and sw tches
the first swtch 45 connected to the PWM signal generator 16 fromthe
current-control command wunit 14 to the winding short-circuit comand unit
17. 5 Namely, the first free-run detector 20 functions as an abnormal-run
detector, which detects start of abnormal running of the elevator car 3
after the car arrives at a floor. The w nding short-circuit comand unit
17 outputs 10 a control signal to open théee-switching el enents on one
side of the inverter circuit, here the three swtching elenents 34 on the
positive side, and to close the three switching elenents 34 on the other
side. 15 The PWd sitgpalthgeréeatoprl6aredeiveshtheusi gnahanfiromith&2w ndi ng
short-circuit command unit 17, opens three switching elenents 34 on the
positive side, 2afdsvwiltebes theeéisgwict eninghelénennsegiedntohehaeldlli ve
side. 20 Then, a closed circuit _is fornmed by the three sw tching elenents
34 closed on tRéJREJaPrETaAE &P frAE tR9eFtBFeBireantrahd-emeande| d

i ng of Uhe eLon, bo, TNl LSttt IRaFEOgneraly ve sner gy prodused by e
(o, w800 |1 LORAMLAGET NS, DB LRACPELELLYE G FRgLe(heee I the
as an abnormal-run detector, which detects start of
abnormail running of the elevator car 3 after the car
arrives at a flcor.
The winding short-circuit command unit 17 outputs

10 . a control signal to open three switching elements on
one side of the inverter circuit, here the three
switching elements 34 on the positive side, and to
close the three switching elements 34 on the other
side.

15 ' The PWM signal generator 16 receives the signal
from the winding short-circuit command unit 17, opens
three switching elements 34 on the positive side, and
closes three switching elements 34 on the negative
side.

20 Then, a closed circuit is formed by the three
switching elements 34 closed on the negative side of
the inverter circuit and the field winding of the motor
1. Therefore, the regenerative energy produced by the
electromotive power generated in the field winding is

25 consumed by each field winding in the process wherein

the regenerative current flows in the above closed

circuit. As a result, a braking force is applied to




17 the notor 1, and the notor 1 is stopped within a short tinme. As
expl ai ned above, in the elevator control apparatus according to the second
enbodi ment of the 5 invention, free running of the elevator car 3 can be
stopped by operating the dynam c brake when the elevator car starts free
running after once stopping. Therefore, safety of the elevator can be

i ncreased. 10 (Enbodinment 3) A third enbodi nent of the invention will be
explained. FIG 5 shows an exanple of e€onffguration of the elevator
control apparatus according to the third enbodinment of the invention. 15
As shown in FIG 5, the elevator control apparatus according to the third
enbodi mrent of the mptemt ilpnang theombtied W ih atsepeddwitkearanskdetect or
21, instead of the brake error detector 18 explained in the first

enbodi ment. 20tWaén running the elevator car 3, the run conmmand unit 12
out puts a brake open signal, and connects the second switch 46 to the
current-control conf@ngXBhetncd4abeRe, r 4R EBFMBREVARPE 220BFSS out puts the

Freecrun dot eoPBPIBIt RIS HCPEREEPoRC oF KewF FER PGS R HE AT OB FEh 45
g t h 45, and
ConneCtS5the fﬁﬁ§gn§T££9hf§ge running cof the elevator car 3 can be
stopped by operating the dynamic brake when the
elevator car starts free running after once stopping.

Therefore, safety of the elevator can be
increased.

10 - (Embodiment 3)

A third embodiment of the invention will be
explained. FIG. 5 shows an example of configuration of
the elevator control apparatus according to the third
embodiment of the inventicn.

15 As shown in FIG. 5, the elevator control apparatus
according to the third embodiment of the invention is
provided with a second free-run detector 21, instead of
the brake error detector 18 explained in the first
embodiment.

20 When running the elevator car 3, the run command
unit 12 outputs a brake open signal, and connects the
second switch 46 to the current-control command unit
14.

The run command unit 12 also outputs the brake

25 open signal to the second free-run detector 21. The
second free-run detector 21 has a function of switching

the first switch 45, and connects the first switch 45



18 to the current-control command unit 14 when receiving the brake open
signal fromthe run command unit 12. Wen the el evator car runs close to an
object floor, the run conmand unit 12 sends a brake signal to 5 the
friction brake unit 5 and second free-run detector 21, and sets the
friction brake unit 5 to the state of braking the notor 1. The run comrand
unit 12 switches the second switch 46 to the ground term nal side.
Receiving the brake signal, the second-frkg-rtun 10 detector 21 inputs the
result of detection by the rotation angle detector 6 by two or nore tines
at a predetermined tinme interval, and calculates the rotation speed based
on the val ues ¢b the rotratntrcoangbéscasmbhd nestl t4ovhdet eetednindg5 When
the calcul ated rotation speed is higher than the predeterm ned reference
val ue, the secth& Pre&er grendeievedr £2¢mj tdgesunhapmnhrdelievat b2. car 3 has
started free running caused by a defect of the friction brake. Then, to
operate the dynanm c"Beakéhet RdeyatsndcrreslRrEncloeedepeatopb22chbut puts a
comand si gnal car 3 to the run command unit 12, and

_ ﬁo stogpthe el evat or _
switches the firPSErsWEchUB5CEBRAREt BBLE ol hESPUR Qi Ghake whwerhtb? 16
f th -cont r ol d uni 4 t he wi pdi hort - ci it
command fni t 177¢26° KAREPY  CERBCsHubna® f7RA- FEOREL BETOTER SEARTTOhs  as
an abnor nal ‘rUﬁ'ldegﬁﬁt%%tg‘é‘?h&hfgf&?%ﬁ SEEL 9f s ¢ ANOL MRl runni ng of the

el evator car 3 after t
braking the motor 1. The run command unit 12 switches

the second switch 46 to the ground terminal side.
Receiving the brake signal,'the second free-run

10 detector 21 inputs the result of detection by the
rotation angle detector 6 by two or more times at a
predetermined time interval, and calculates the
rotation speed based on the values of the rotation
angles as the result of detection.

15 When the calculated rotation speed is higher than
the predetermined reference value, the second free-run
detecteor 21 judges that the elevator car 3 has started
free running caused by a defect of the friction brake.
Then, to operate the dynamic brake, the second free-run

20 detector 21 outputs a command signal tc stop the
elevator car 3 to the run command unit 12, and switches
the first switch 45 connected to the PWM signal
generator 16 from the current-control command unit 14
to the winding short-circuit command unit 17.

25 Namely, the second free-run detector 21 functions
as an abnormal-run detector, which detects start of

abnormal running of the elevator car 3 after the car




19 - arrives at a floor. The wi nding short-circuit command unit 17 outputs
a control signal to open three switching elenents on one side in the
inverter circuit, here the three 5 switching elenments 34 on the positive
side, and to <close the three switching elenents 34 on the other side. The
PWM si gnal generator 16 receives the signal fromthe w nding short-circuit
command unit 17, opens 10 three switching elenents 34 on the positive
side, and closes three switching el ementsl34 on the negative side. Then, a
closed circuit is forned by the three switching elenments 34 closed on the
negative side of 15 the inverter circuit and the field wnding of the notor
1. Therefore, Eheiwegeaératf&eoenergy produced by the electronotive power
generated in the field winding is consuned by each field winding in the
process wherein thé&heegéndiagi paocarréncutFonsmmanthenabo¥é ehbseds20
circuit. As aresult, a braking force is applied to the notor 1, and the
motor 1 is stoPpEATWFPhi ALENEROEP OPFﬁEthﬁéee%ﬁ%h?hé@ga%b%%enFﬁ Phe

el evator control Eﬁaratu accordi third enmbodi nent of the 25

to, t
i nvention, fre8 FufihffigBf “P ﬁelgVﬁgggﬁrgﬁﬁ?u%tcaHeﬁ% ERoppete®y operating
the dynagi o brake whenct he.ngheyaeroSatnl Sobygesse Lo fave, syapted free

runni ng
close the three switching elements 34 on the other

side.
The PWM signal generator 16 receives the signal
from the winding short-circuit command unit 17, opens
10 three switching elements 34 on the positive side, and
closes three switching elements 34 on the negative
side.
Then, a closed circuit is formed by the three
switching eiements 34 closed on the negative side of
15 the inverter circuit and the field winding of the motor
1. Therefore, the regenerative energy produced by the
electromotive power generated in the field winding is
consumed by each field winding in the process wherein
the regenerative current flows in the above closed
20 circuit. As a result, a braking force is applied fo
the motor 1, and the motor 1 is stopped within a short
time.
As explained above, in the elevator control
apparatus according to the third embodiment of the
25 invention, free running of the elevator car 3 can be
stopped by cperating the dynamic brake when the

elevator car is judged to have started free running




20 based on the rotation speed of the notor 1 after the elevator car is
once stopped. Therefore, safety of the elevator can be increased.

(Enmbodi nent 4) 5 A fourth enbodi ment of the invention will be expl ai ned.
FIG 6 shows an exanple of configuration of the elevator control apparatus
according to the fourth enbodinment of the invention. As shown in FIG 6,
the el evator control apparatus 10 according to the fourth enbodi nent of
the invention is provided with an abrmorn®al accel eration detector 22,

i nstead of the brake error detector 18 explained in the first enbodinent.
When running the elevator car 3 at a |ow speed in a controlled operation
mode, for exanpkegdldnt hber untedhmandpeandt of2tbatpotsral befiker oplea si gnal ,
and connects the second switch 46 to the current- control conmand unit 14.
The run connanélGHPFOIZCéFséSOGFE@t§tPREeﬁrak€he@%@®r%1gﬁ@fetb ehetladnor mal
accel eration deﬁector 20 The abnormal accel eration detector 22 has a
function of swf Eﬁ?ﬁartﬁ@nf??s%ngﬁ??ﬁﬁ 45, and connects the first swtch

45 to the current- C?E hﬁg egga unit 14 when receiving the brake open
signal fromthe run Onmant n 12. 25 After switching the first swtch

o bt B SRSk, AR Lo B2 P ARk S gL detectior
explained. FIG. 6 shows an example of configuration of
" the elevator control apparatus according to the fourth
embodiment of the invention,
As shown in FIG. 6, the elevator control apparatus
10 according to the fourth embodiment of the invention is
provided with an abnormal acceleration detector 22,
instead of the brake error detector 18 explained in the
first embodiment. When running the elevator car 3 at a
low speed in a controlled operation mode, for example,
15 the run command unit 12 outputs a brake open signal,
and connects the second switch 46 to the current-
control command unit 14.
The run command unit 12 also outputs the brake
open signal to the abnormal acceleration detector 22.
20 The abnormal acceleration detector 22 has a function of
switching the first switch 45, and connects the first
switch 45 to the current-control command unit 14 when
receiving the brake open signal from the run command
unit 12.
25 After switching the first switch 45, the abnormal

acceleration detector 22 inputs the result of detection

by the rotaticn angle detector 6 by two or more times




21 at a predetermned tine interval, and calculates the rotation speed
based on the values of the rotation angles as the result of detection.
When the cal cul ated rotation speed is higher than 5 the predeterm ned
reference value, the abnormal acceleration detector 22 judges that the

el evator car 3 has started abnornmal accel eration caused by a defect of

the notor 1. Then, to operate the dynam c brake, the abnornmal acceleration
detector 22 outputs a command 10 signal t®lstep the elevator car 3 to the
run command wunit 12, and switches the first switch 45 connected to the
PWM si gnal generator 16 fromthe current-control command unit 14 to the

wi ndi ng short - eitr euiptreclerbremd negnitti mé7 intdridaig| ypdwbedctiletekevator car 3
runs at a predeterm ned speed |ower than a normal running speed, the
abnormal accel @ragitéenderescobazedf gncthengaaseanofabher makaadesl eration
detector, which detects abnormal @ acceleration of the elevator car 3 when
the el evat or Zéngéﬁssﬁée&h@srﬁﬁﬁﬁérO?hgﬁtacbﬂéﬁeternlned val ue. The wi nding
short-circuit conna unlé a control en t ree

ut put s al, t
swi tching el enents 3 HﬁaFﬁg Fﬁ@@Fﬂ@P 8??%% s ﬁéggefhé #Ar ee
s teing o mﬁ%:p%d%% S DS I A
receives the shgpaheration detector 22 judges that the elevator car 3
has started abnormal acceleration caused by a defect of
the motor 1. Then, to operate the dynamic brake, the
abnormal acceleration detector 22 outputs a command

10 signal to stop the elevator car 3 to the run command
unit 12, and switches the first switch 45 connected to
the PWM signal generator 16 from the current-control
command unit 14 to the winding short-circuit command
unit 17.

15 Namely, when the elevator car 3 runs at a
predetermined speed lower than a normal running speed,
the abnormal acceleration detector 22 functions as an
abnormzl acceleration detector, which detects abnormal
acceleration of the elevator car 3 when the elevator

20 car speed is higher than a predetermined value.

The winding short-circuit command unit 17 outputs
a control signal to open three switching elements on
one side of the inverter circuit, here the three
switching elements 34 of the positive side, and to

25 close the three switching elements 34 of the other
side.

The PWM signal generator 16 receives the signal




22 fromthe winding short-circuit command unit 17, opens three swtching
el ements 34 on the positive side, and closes three switching elenents 34
on the negative side. 5 Then, a closed circuit is forned by the three
switching elenents 34 closed on the negative side of the inverter circuit
and the field winding of the notor 1. Therefore, the regenerative energy
produced by the electronotive power generated in the field wnding is 10
consuned by each field winding in the proggss-wherein the regenerative
current flows in the above closed circuit. As a result, a braking force is
applied to the notor 1, and the notor 1 is stopped within a short tine.
15 As expl ai nedramotée wantlhegebbeatoriconttokbomappdratis a¢coodéng to the
fourth enbodi ment of the invention, abnormal acceleration of the elevator
car 3 can be sh&gpedvbByChbpepatiagenhe d¢nani therpkeitwhen thee, etedator car
is judged to have started abnornmal 20 accel erati on based on the rotation
speed of the nBtBFeE tREPPeSYRECBLBYaPbPMEAES| $4raRntRg BEIat1 6 speed in a
control |l ed operation node. Therefore, safety of the elevator can be

i ncreased. (EnBodfment 5) 25 A fifth enbodiment of the invention will be

O oot ue SIS EATRHoPERE LOVEBIASE B chbocplgyator
switching elements 34 closed on the negative side of
the inverter circuit and the field winding of the motor
1. Therefore, the regenerative energy produced by the
electromotive power generated in the field winding is

10 consumed by each field winding in the process wherein
the regenerative current flows in the above closed
circuit. As a result, a braking force is applied to
the motor 1, and the motor 1 is stopped within a short
time.

15 As explained above, in the elevator control
apparatus according to the fourth embodiment of the
invention, abnormal acceleration of the elevator car 3
can be stopped by operating the dynamic brake when the
elevator car is judged to have started abnormal

20 acceleration based on the rotation speed of the motor 1
while the elevator car is running at a low speed in a
controlled operation mode. Therefore, safety of the
elevator can be increased.

{Embodiment 5)

25 A fifth embodiment of the invention will be

explained. FIG. 7 shows an example of configuration of

the elevator control apparatus according to the fifth




23 - enbodi nent of the invention. As shown in FIG 7, the el evator control
apparatus according to the fifth enbodi nent of the invention is provided
with an energency stop unit 23, instead of the 5 brake error detector 18
explained in the first enbodiment. Wen running the elevator car 3, the
run command wunit 12 outputs a brake open signal, and connects the first
switch 45 and second swtch 46 to the current- 10 control command unit 14.
The emergency stop unit 23 detects a runnidg speed of the elevator car 3,
and when the detected speed exceeds a predeterm ned reference val ue,
outputs a control signal indicating the excess speed to the run 15 comand
unit 12, and urggéridiyneartd afedhaniicaldnye isthaps the el evator car 3, and hol ds
the elevator car in that state. Nanely, the energency stop unit 23
functions as an en@rgerdwprbriakd Ighi t7, whec e lmpehiani caintyrodt eppareresent
20 of the elevator car 3 in an enmergency. Receiving the control signal from
the emergency 3§CoFddmi%t t23 thehdifgh & Agendi oflzheegavgstibha dp-
and- down novenent of the elevator car 3 as being.  nechanically stopped by
the enmergency SFEYLGAFt W33h 25 SBRAGSPRY PGAPcYRENd Sunipstgad @énggﬁd
si gnal t% stopb t he el evatar  car H% ordﬁr.to actuate the dynam c brake

t m-be

3
to prevent the FE&RafFEsr SEGHFPS Frglpegef 1n the first

: embodiment.
When running the elevator car 3, the run command
unit 12 outputs a brake open signal, and connects the
first switch 45 and second switch 46 to the current-

10 control command unit 14.

The emergency stop unit 23 detects a running speed
of the elevator car 3, and when the detected speed

exceeds a predetermined reference value, outputs a

control signal indicating the excess speed to the run

15 command unit 12, and urgently and mechanically stops
the elevator car 3, and holds the elevator car in that
state.

Namely, the emergency stop unit 23 functions as an
emergency brake unit, which mechanically stops movement

20 of the elevator car 3 in an emergency.

Receiving the control signal from the emergency
stop unit 23, the run command unit 12 regards the up-
and-down movement of the elevator car 3 as being
mechanically stopped by the emergency stop unit 23,

25 sends the run command unit 12 a command signal to stop
the elevator car 3 in order to actuate the dynamic

brake to prevent the mechanical stop from being reset



24 by junp-up of the elevator car 3, and swtches the first switch 45
connected to the PWM signal generator 16 fromthe current-control comrand
unit 14 to the wnding short-circuit conmand 17. 5 The wi ndi ng
short-circuit command unit 17 outputs a control signal to open three
switching el enents on one side of the inverter circuit, here the three
switching elenents 34 on the positive side, and to close three swtching
el ements 34 on the other side. 10 The PW&4&i gnal generator 16 receives the
signal fromthe w nding short-circuit command unit 17, opens three
switching elenents 34 on the positive side, and closes three sw tching

el ements 34 onbyhgunggapi ¥y€ tsedeleltdbtdhetarasc| 9s€dseitchks tisef ormed by
the three switching elenments 34 closed on the negative side of the

i nverter circufirandsvhechi ¢bdconnedchgdofot tiee nBildrsidnaThesedoieprt he
regenerative energy produced by the electronotive power generated in the
field winding 18 gBO@oﬁﬁﬁn@@rb9néa©%nti@ldCQmm@mﬁgumhtth@ P oless wherein
the regenerative current flows in the above closed circuit. As a result, a
braki ng force Yi'dpp¥i BaCto Cthe hbt of™Man@nk’ the notor 1 is stopped within
a short _time. 25 expl ai. ned above, in the el evator control apparatus
Rccordi iy to the fiT0f EMUOURRERFOBT-EhECH VertTahe ¥ice 1 ori daiot ¢ he

Qlevator car %aqggnPPbl signal to open three switching elements on
one side of the inverter circuit, here the three
switching elements 34 on the positive side, and to

close three switching elements 34 on the other side.

10 The PWM signal generator 16 receives the signal

from the winding short-circuit command unit 17, opens

three switching elements 34 on the positive side, and

closes three switching elements 34 on the negative

side.

15 Then, a closed circuit is formed by the three

switching elements 34 closed on the negative side of

the inverter circuit and the field winding of the motor
1. Therefore, the regenerative energy produced by the
electromotive power generated in the field winding is

20 consumed by each field winding in the process wherein
the regenerative current flows in the above closed
circuit. As a result, a braking force is applied to
the motor 1, and the motor 1 is stopped within a& short
time.

25 As explained above, in the elevator control
apparatus according to the fifth embodiment of the

invention, free running of the elevator car 3 can be



25 stopped by operating the dynam c brake to prevent resetting of the
energency stop while the elevator car 3 is in an energency stop.

Therefore, safety of the elevator can be increased. 5 (Enbodi nent 6) A

si xt h enbodi nent of the invention will be explained. FIG 8 shows an
exanpl e of configuration of the elevator control apparatus according to
the sixth enbodi nent of the invention. 10 As shown in FIG 8, the el evator
control apparatus according to the sixthZenbedi nent of the invention is
provided with an insufficient deceleration detector 24, instead of the
brake error detector 18 explained in the first enbodiment. 15 Wen running
t he el evat or catoBpetihbyr opeconmmpdthendyna®@ioubpaks acbpakeeopen signal,
and connects the second switch 46 to the current-control command unit 14.
The run comuand¢ERFE1Rg afsbheuepargenhig brakevh2deopen sighatorocahe
insufficient deceleration detector 24. The insufficient deceleration
detector 24 has &% fUn@Pi BREBFSRGHt EhPRg t heeFRfeFeswRERt M50t akld® connect s
the first switch 45 to the current-control command unit 14 when receiving
the brake open® ?&ﬂs?rfFaﬁlgﬁel?ﬁﬁeﬁgeQOnnand unit 12. To stop the el evator
g?éngli?%an energenqﬁmbgggmeﬁgnG?onnand unit 12 sends an energency brake

A sixth embodiment of the invention will be
explained. FIG. 8 shows an example of configuration of
the elevator control apparatus according to the sixth
embodiment of the invention.

10 As shown in FIG. 8, the elevator control apparatus
according to the sixth embodiment of the invention is
provided with an insufficient deceleration detector 24,
instead of the brake error detector 18 explained in the
first embodiment.

15 When running the elevator car 3, the run command
unit 12 cutputs a brake open signal, and connects the
second switch 46 to the current-control command unit
14,

The run command unit 12 also outputs the brake

20 open signal to the insufficient deceleration detector
24. The insufficient deceleration detector 24 has a
function of switching the first switch 45, and connects
the first switch 45 to the current-control command unit
14 when receiving the brake open signal from the run

25 command unit 12.

To stop the elevator car 3 in an emergency, the

run command unit 12 sends an emergency brake signal to




... 26 the friction brake unit 5 and i nsuf ficient deceleratlon
detector 24, and sets the friction brake unit 5 to the state of braking
the motor 1. The run command unit 12 switches the second switch 46 to the
ground termnal 5 side. Receiving the brake signal, the insufficient

decel eration detector 24 inputs the result of detection by the rotation
angl e detector 6 by two or nore tines —at2@a predetermned tine interval
and cal cul ates a 10 degree of deceleration of the rotation speed based on
the value of the rotation angles as the result of detection. Nanely, the
i nsufficient débel érariconn detdéet oni245f andt inasfascaedecdbeedtiranion
detector, which detects the degree of deceleration of the rotation 15
speed of the nBE8FCICHt 2fheanfnEesP bhakingcbyorherakeigriondbrakehenit 5.
When the cal cul ated the gg%ree of deceleration of the rotation speed is

| ess than a préﬁéF@rﬁfn@ rBPeFBRCcBOVAFUE: tReei RYDf FPRT@ne Wetkl bZati on
not be normally _stopped

detector 20 24 t he el evator n
in an emergency h ggg E@e Sag?ﬁgtSWﬁtFﬂegﬁnF%rghﬁ IFQURH; seERERaL { he
i nsufficient d? Leration detector 24 sends the run command unit 12 a
command signal "fo stop the elevator car 3, and switches the 25 first
switch 45 connect edrboct benBVS! 0Rake08REHAL 0T cnd b1 ALQFE Bfent
current-control command un

deceleration detector 24 inputs the result of detection

by the rotation angle detector 6 by two or more times

at a predetermined time interval, and calculates a

10 degree of deceleration of the rotation speed based on

the value of the rotation angles as the result of

detection. Namely, the insufficient deceleration
detector 24 functions as a deceleration detector, which
detects the degree of deceleration of the rotation

15 speed of the motor 1 at the time of braking by the

friction brake unit 5.

When the calculated the degree of deceleration of
the rotation speed is less than a predetermined
reference value, the insufficient deceleration detector

20 24 judges that the elevator car 3 cannct be normally
stopped in an emergency caused by a defect in the motor
1. In this case, the insufficient deceleration
detector 24 sends the run command unit 12 a command
signal to stop the elevator car 3, and switches the

25 first switch 45 connected to the PWM signal generator
16 from the current-control command unit 14 to the

winding short-circuit command unit 17.



w ndi ng short-circuit conmmand unit 17. 27 The wi nding short-circuit
command unit 17 outputs a control signal to open three swtching el enents
on one side of the inverter circuit, here the three swtching elenents 34
on the positive side, and to 5 close three switching elenments 34 on the
negative side. The PWM signal generator 16 receives the signal fromthe

w nding short-circuit conmand unit 17, opens three switching elenents 34
on the positive side, and closes three sitching elenments 34 on the
negative 10 side. Then, a closed circuit is formed by the three swtching
el ements 34 closed on the negative side of the inverter circuit and the
field winding of th&heowdndibhg Therefoiecut hecorgendr ahivel@nengyupsoduced
by the 15 el ectronotive power generated in the field winding is consuned
by each field & adhhgoilnsttirapr beespemheheéa svhechegenelatéwes conr ent
flows in the above closed circuit. As a result, a braking force is applied
to the notor 2eaRddEheinbb8r 1BVESte¥ opbeei ¢ hppra shorEhre®d tine. As

expl ai ned above, .in the el evator ntrol. apparatus according to the sixth
enbodi nent of fﬂé?cbhvgn?kﬁﬁ?n??eégr%%n??% Brsthevel 8¥3tor2Art3 can be
stopped by opelphiROLDe XDRILE B ake do pLovenl, T epeti L o dle
i npossi bl e based ONThe puWM signal generator 16 receives the signal
from the winding short-circuit command unit 17, opens
three switching elements 34 on the positive side, and
closes three switching elements 34 on the negative
10 side.

Then, a closed circuit is formed by the three
switching elements 34 closed on the negative side of
the inverter circuit and the field winding of the motor
1. Therefore, the regenerative energy produced by the

15 electromotive power generated in the field winding is
consumed by each field winding in the process wherein
the regenerative current flows in the above closed
circuit. As a result, a braking force is applied to
the motor 1, and the motor 1 is stopped within a short

20 time.

As explained above, in the elevator control
apparatus according to the sixth embodiment of the
invention, free running of the elevator car 3 can be
stopped by operating the dynamic brake to prevent

25 resetting of the emergency stop when normal emergency
stop of the elevator car is judged impossible based on

the degree of deceleration of the rotation speed of the




the degree of deceleration of the rotation speed of the 28 notor 1, while
the elevator car 3 is in an energency stop. Therefore, safety of the

el evator can be increased. In the above expl ai ned enbodi nents, the dynam c
5 brake configured as shown in FIG 1 is used. However, the dynam c brake
shown in FIG 2 may be used. In this case, when detecting a brake error,
the brake error detector 18 explained in the first enbodi nent may

operates the dynamic brake by sending a cédmand signal 10 to actuate the
dynam c brake to the conductor contacts 31 and 32, separating each
switching elenment 34 from the three-phase winding of the notor 1 by the
conduct or contaepr3l, @hdleonhecelagathe threé- phase anndinagaehcyt he not or
1 to the load resistor 30 through the 15 conductor contact 32. Additional
advant ages andS&BBifi EBEEBASTRI | FafeéddPfytBecatevatPhosanskelled in the
art. Therefore, the invention in its broader aspects is not limted to
the specific déP&Fﬁgsﬁad representative enmbodi ments 20 shown and descri bed

h in. A di ngl di ti .be nad it t d t
fromthe Spirit of TBooBE SPoVReCHBRGPAPC] RO FUE  EonCEE 49 BEFI ned by
the appepded chaips apget s&gdegw EbER 50 9 YHT LSEAMRAS, 1 A

el evat or control apparatu
the dynamic brake shown in FIG. 2 may be used. In this

case, when detecting a brake error, the brake error

detector 18 explained in the first embodiment may

operates the dynamic brake by sending a command signal
10 to actuate the dynamic brake to the conductor contacts
31 and 32, separating each switching element 34 from
the three-phase winding of the motor 1 by the conductor
contact 31, and connecting the three-phase winding of
the motor 1 to the lcad resistor 30 through the
15 conductor contact 32.

Additional advantages and mcdifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

20 shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



arectifier circuit to convert AC power froman AC power supply to DC
power; 5 a snoothing capacitor to snooth a ripple of the DC power
converted by the rectifier circuit; an inverter which is fornmed by
connecting diodes and switching elenents in the formof a bridge, and

out puts the snoothed DC power by converting to variable 10

vol t age/ frequency AC power; an electric notor which noves an el evator car
up and down by driving fromthe AC power2%utput fromthe inverter; a run
control unit which controls 15 energi zing/interruption of each sw tching
el ement of the inverter so that the variable voltage/frequency AC power
is output according to a predet eliirfed Sope&PAMEONISpattern; a brake unit

whi ch nechani cal |y brakes novenment of 20 the elevator car; a brake control
unit which operateslthe®Br 8k8vahPt crotbpakerrpyeheatcofprheivbevator car

when the elevator car arrives at a floor; an error detector which detects
a mal function of 28 FRECHLARE GAFFUdWhehOt RENBEEY LGrPREer af FPPednadCa

floor; and a regenerativ$ b akﬁ control unit which 30 regeneratively
brakes the el ekYYFt AorH ybéoc BsPRethe switching el ements of one of the

positive5polarity Sgdgmoothing capacitor to smcoth a ripple of the DC
power converted by the rectifier circuit;

an inverter which is formed by connecting diodes
and switching elements in the form of a bridge, and
outputs the smoothed DC powér by converting to variable

10 voltage/freguency AC power:

an electric motor which moves an elevator car up
and down by driving from the AC power output from the
inverter;

a run control unit which controls

15 energizing/interruption of each switching element of
the inverter so that the variable voltage/frequency AC
power is cutput according to a predetermined operation
pattern;

a brake unit which mechanically brakes movement of

20 the elevator car;

a brake control unit which operates the brake unit
to brake movement of the elevator car when the elevator
car arrives at a floor;

an error detector which detects a malfunction of

25 the brake unit when the elevator car arrives at a
floor; and

a regenerative brake control unit which




and negative polarity side of the inverter, and opening the sw tching

el ements of the other polarity side, when 5 a malfunction of the brake
unit is detected by the error detector. 2. An elevator control apparatus
conprising: a rectifier circuit to convert AC power froman AC power
supply to DC power; 10 a snoothing capacitor to snooth a ripple of the DC
power converted by the rectifier circuit; an inverter which is formed by
connecting diodes and switching elenents3dn t+he formof a bridge, and

out puts the snoot hed DC power by converting to variable 15

vol t age/ f requency AC power; an electric notor which noves an el evator car
up and down byedeneragifedm bhekAE pbweelodtpit fhodortbe ciavengethea run
control unit which controls 20 energizing/interruption of each swtching
el ement of thewingbingresemenas oheowarphbtieevodsageyéreglentyy ACLdpower
is output according to a predetern ned operation pattern; a brake unit

whi ch nechani calfynggakesenpoénthtyofidesof hehe| evatbEetarand epakEng¢ont r ol
unit which operates the brake unit t e novenent of the, el evator car

when the el evatdf %ﬁltc%é?ga?%?m%%t%tggbéﬁéo?Fh%ﬁ ROHIF heY - § 1P detee? or
whi ch de%eCts gtﬁéifgﬁction of the brake unit is detected by the
error detector.
2. An elevator control apparatus comprising:
a rectifier circuilt to convert AC power from an AC
power supply to DC power;
10 a smoothing capacitor to smooth a ripple of the DC
power converted by the rectifier circuit;
an inverter which is formed by connecting diodes
and switching elements in the form of a bridge, and
outputs the smoothed DC power by converting tc variable
15 voltage/frequency AC power;
an electric motor which moves an elevator car up
and down by driving from the AC power output from the
inverter;
a run control unit which controls
20 energizing/interruption of each switching element of
the inverter so that the variable voltage/frequency AC
power is output according to a predetermined operation
pattern;
a brake unit which mechanically brakes movement of
25 the elevator car:

a brake control unit which operates the brake unit

to brake movement of the elevator car when the elevator




abnormal running of the elevator car when the elevator car arrives at a
floor; and 5 a regenerative brake control unit which regeneratively brakes
the electric notor by closing the swtching elenents of one of the
positive polarity side and negative polarity side of the inverter, and
opening the switching elenents of the other polarity side, when 10
abnormal running of the elevator car is detected by the abnormal-run
detector. 3. The el evator control apparatilks according to claim2, further
conprising a rotation angle detector which detects a rotation angle of the
electric notor, 15 wherein the abnormal-run detector detects start of
abnormal runni ngrofrtheesl evatoficar; when the rotation angle detected by
the rotation angle detector is changed by satisfying a predeterm ned
condition after thenepbparsplcavnadelyesontvwhithodeteobs4stahe efevat or

control apparatus according to claim2, further conprising a rotation

angl e det ect or 2PRRFBRAL dERRBIRT 20F oF A | DhCEREPe @AY tHER| ERe r§ LE FEQY |

wherein the abnornal -run detect calcul ates a rotation speed of the

el ectric notor Has bR net rdtat?dN afigfe 25 detected by the rotation

angl e dg%ector, and_detect s tart _of, abnor nal rg€gﬁn@hof t he el evator car
d ue.

when t he rotationrgpﬁgge%%ﬁ% Eeabﬁ?éﬁe?%?%¥%% 1%5 5. An el evator

g‘r’]“;\g" appar af Use. FOFPL | $4 1Y b A kES AL 8L e LHL tndiQ CUY &I Ko P from

switching elements of one of the positive polarity side
and negative polarity side of the inverter, and opening
the switching elements of the other polarity side, when

10 abnormal running of the elevator car is detected by the
abnormal-run detector.

3. The elevator control apparatus according to
claim 2, further comprising a rotation angle detector
which detects a rotation angle of the electric motor,

15 wherein the abnormal-run detector detects start of
abnormal running of the elevator car, when the rotation
angle detected by the rotation angle detector is
changed by satisfying a predetermined condition after
the elevator car arrives at a floor,

20 : 4., The elevator control apparatus according to
claim 2, further comprising a rotation angle detector
which detects a rotation angle cf the electric motor,
wherein the abnormal-run detector calculates a rotation
speed of the electric motor based on the rotation angle

25 detected by the rotation angle detector, and detects
start of abnormal running of the elevatcr car when the

rotation speed becomes a predetermined value.




power supply to DC power; a snoothing capacitor to snooth a ripple of the
DC 5 power converted by the rectifier circuit; an inverter which is formed
by connecting diodes and switching elenments in the formof a bridge, and
out puts the snoot hed DC power by converting to variable voltage/frequency
AC power; 10 an electric notor which noves an elevator car up and down by
driving fromthe AC power output fromthe inverter; a run control unit
which controls energizing/interruption of2each switching elenent of 15
the inverter so that the variable voltage/frequency AC power is output
according to a predeterm ned operation pattern; an abnormal accel eration
detect or which deteéts Rabedemaltoaccehérati eppefathe ebmpateingar, when the
20 elevator car is running at a predeterm ned speed |ower than a nornal
runni ng speed, and Bhé&celévaesr céaFuspebd CPBVArghBF PhuArafppederelfi ned
val ue; and a regenerative brake control unit which regeneratively brakes
the electric n888?1b§uEP6¥iﬁa PhePC98X5wi t ching el enents of one of the

iti | ari id \ ti larjt ide of the i t d
bpeni ng. 4 he- swi {chPng"GPRaRs CBPSERE bt Fily “BOPEP | Ty ESPBLS whehdale
abnor il s accel 6aLL0 R EPEeh§VRRT - 68Ls P HOLEELEH, ; bY the abnor mal

accel eration d
an inverter which is formed by connecting diodes

and switching elements in the form of a bridge, and
outputs the smoothed DC power by converting to variable
voltage/frequency AC power;

10 an electric motor which moves an elevator car up
.and down by driving from the AC power output from the
inverter;

a run contrel unit which controls
energizing/interruption of each switching element of

15 the inverter so that the variable voltage/freguency AC
power is output according tc a predetermined operation
pattern;

an abnormal acceleration detector which detects
abnormal acceleration of the elevator car, when the

20 elevator car is running at a predetermined speed lower
than a normal running speed, and the elevator car speed
is higher than a predetermined value; and

a regenerative brake control unit which
regeneratively brakes the electric motor by closing the
_25 switching elements of one of the positive pelarity side
and negative polarity side of the inverter, and opening

the switching elements of the other polarity side, when




6. An elevator control apparatus conprising: a rectifier circuit to convert
AC power froman AC 5 power supply to DC power; a snoothing capacitor to
snooth a ripple of the DC power converted by the rectifier circuit; an
inverter which is formed by connecting diodes and switching elenents in
the formof a bridge, and 10 outputs the snoothed DC power by converting to
vari abl e voltage/frequency AC power; an electric notor which noves an

el evator car up and down by driving fron8she- AC power output fromthe
inverter; 15 a run control unit which controls energizing/interruption of
each switching elenent of the inverter so that the AC power wth a

vari abl e volt agebfrmeduencylesadubpubtfacher diiagatoracapr edetietached
operation pattern; 20 an energency brake unit which nechanically brakes
movenent of théyekbgatbnocapli acanlenetgencyctantoan. regenerative brake
control unit which regeneratively brakes the electric notor by closing the
switching el ements &f oA8 6feYRECHOSPRLVEIpEPRAFEYUS| eTREIEARTRegat i Ve
polarity side of the |nverter and opening the switching elenents of the
other polarity side? WREhITLRE EFEGHEBrtEaFopgegFo%EeH°B9rtﬁéoﬁnéPg%ﬁcy

br ake - §4 - ugg&erYSupplelevabgr control apparatus conpri sing:

a smoothing capacitor tc smoocth a ripple of the DC
power converted by the rectifier circuit:

an inverter which is formed by connecting diodes
and switching elements in the form of a bridge, and

10 outputs the smoothed DC power by converting to variable
voltage/frequency AC power;

an électric motor which moeves an elevator car up
and down by driving from the AC power output from the
inverter;

15 : a run control unit which controls
energizing/interruptiocn of each switching element of
the inverter so that the AC power with a variable
voltage/frequency is output according to a
predetermined operation pattern;

29 an emergency brake unit which mechanically brakes
movement of the elevator car in an emergency; and

a regenerative brake control unit which
regeneratively brakes the electric motor by closing the
switching elements of one of the positive polarity side

25 -and negative polarity side of the inverter, and opening
the switching elements of the other polarity side, when

the elevator car is stopped by the emergency brake




arectifier circuit to convert AC power froman AC power supply to DC
power; 5 a snoothing capacitor to snooth a ripple of the DC power
converted by the rectifier circuit; an inverter which is fornmed by
connecting diodes and switching elenents in the formof a bridge, and

out puts the snoothed DC power by converting to variable 10

vol t age/ frequency AC power; an electric notor which noves an el evator car
up and down by driving fromthe AC power3dutput fromthe inverter; a run
control unit which controls 15 energi zing/interruption of each sw tching
el ement of the inverter so that the variable voltage/frequency AC power

i s output accordihg to a predeterm ned operation pattern; a brake unit

whi ch nechani cal |y brakes novenent of 20 the elevator car; a decel eration
speed detector whi cil-defecesesatdegreatoplderphephfofOBPriANEOL ati on

speed of the electric notor at the tinme of brakigg by the brake wunit; and
25 a regenerative bRakBCESALREI CHRFELIWNFENCOPBGEReF Gt POBEY PFaRedNthe

el ectric notor b% closin tFe b witching elements of one of the positive
polarity side B8 and'Heght Ve §0?3V?fy side of the inverter, and opening

the switghing el ement g, of [ hgsOLREL PPLATLEYsRb 88 ¥MElppie of the DC

power converted by the rectifier circuit;

an inverter which is formed by connecting diodes
and switching elements in the form of a bridge, and
outputs the smoothed DC power by converting to variable

i voltage/frequency AC power;

an electric motor which moves an elevator car up
and down by driving from the AC power cutput from the
inverter;

a run control unit which controis

i5 energizing/interruption of each switching element of
the inverter so that the wvariable voltage/frequency'AC
power 1s ocutput according to a predetermined operation
pattern;

a brake unit which mechanically brakes movement of

20 the elevator car;

a deceleration speed detector which detects a
degree of deceleration of the rotation speed of the
electric motor at the time of braking by the brake
unit; and

25 a regenerative brake control unit which
regeneratively brakes the electric motor by closing the

switching elements of one of the positive polarity side




the val ue detected by the decel eration speed detector is |lower than a
predeterm ned reference val ue.

— 35 -

and negative polarity side of the inverter, and opening
the switching elements of the other polarity side, when
the value detected by the deceleration speed detector

is lower than a predetermined reference value.




