-1 TITLE OF THE INVENTION ELEVATOR CONTROL APPARATUS BACKGROUND OF THE
INVENTION The present invention relates to an elevator 5 control apparatus, which converts an
alternating 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; thé 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 mcorporgtIerLl% idid Té% XWT:EP& a standstill to prevent it from

running out of contro}, when-stoppingan unlpaded gjevator 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 BACKGROUND OF THE INVENTION
The present invention relates to an elevator
5 control apparatus, which converts an alternating
current supplied from an AC péwer 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 métor 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 bhoth ends 1s hung on a sieve of a
motor provided in the upper side of an upmand—aown
15 path. Usually, the weight of a counterwelght is
adijusted to the weight substantially equal to the
welght of an elevator car filled to half of its loading
capaéity. 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 standsﬁill 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



a moving part (a rotary drum) by an energizing force of 2 a spring, in astate that power is not turned
on. When starting a motor braked by this brake unit, send a brake release signal to the brake unit,
open the spring by a magnetic force of an electromagnet, for example, 5 and separate the brake shoe
from the movable part (rotary drum). Therefore, in 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 thcorporated 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 oyt of conirol and falls.info.a dangerous sfate unless the Gar and, counjenyeight 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 detegtethand anetevatarrs kargently istdppeshwhite theibrake amit fails, a braking
force for urgently decelerate an elevator car is lost or decreased, and an elevator car is not sufficiently
25 braked, cannot beatspped Before AtfiihaFendbfaizake unit, open the spring

by a magnetic force of an electromagnet, for example,

5 and separate tThe brake shoe from the movable pérﬁ
{(rotary drum). Therefore, in 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 carris urgently stopped, the
braking force of this brake unit is used.

I1f the brake unit incorporated in an elevator
fails and the brake sheoe 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 bfake 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 into a dangerous state.

To avoid the above dangerous state caused by a



up-and-down path, and goes into 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 braking at an emergency stop. This regenerative
braking is also called a 5 dynamic brake, which obtains a braking force by connecting a braking
impedance to a winding of a motor, and consuming an induced voltage generated in the winding by
the braking impedance. The regenerative braking fuaction 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 Srizlliviest mdtor. 15 Fswever the ByRamic Iirake appfigered™s abéve needs a
load resistance to QP]%) sumeséeﬁg atlve ene gé gener rated in a motor, a contact to, separate each

0 ine’ r

load resistance fr normar dpération, Qﬁdggé’fonli?\ct%%%%ﬁ?a@tg amotbiand a load
resistance from 20,ap.inverter:at the time.ghbraking: As a result,the, manufacturing cost of the whole

elevator control apparatus is increased, and the size of the elevator control apparatus’is increased.
BRIEF SUMMARYQETHE TNVENT4OMnerative braking is zlso called a
5 dynamic brake, which cbtains a braking force by
connecting a braking impedance to a winding of a 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 fluz
without supplying power to a power winding, or for a
permanent magnet synchronized motor in which a fieid
magnetic flux is always established, or a separately
excited DC motor or a linear motor.

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

20 an inverter at the time of braking. 2As & result, the
manufacturing cost of the whole elevator control
apparatus is increased, and the size of the =levator
contrecl apparatus i1s increased.

BRIEF SUMMARY OF THE INVENTION
25 Embodiments of the present invention provide an

elevator control apparatus, which can realize a

regenerative braking function by reducing the



25 Embodiments of the present invention provide an elevator control apparatus, which can realize a
regenerative braking function by reducing the manufacturing cost and size of the apparatus. One
aspect of the present invention provides an elevator control apparatus comprising: a rectifier circuit to
convert AC power from an AC power supply to 5 DC power; 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-outguts-the smoothed DC power by converting to
variable 10 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
energizing/interruptiem of each: switching eleraent ofithe invertersoahatthetvasiable 15
voltage/frequency AC power is output according to a predetermined operation pattern; a brake unit

which mechanically braké€*mo¥8hient ofthe"dievatbF E5FR & brake Coritrol B Wit opérates the
brake unitto brake, moyement 85%%'?‘@8&8?5‘9’9@”5‘%%§f¥ atar 20 cararives:aLa floor; an error
' ' the

detector which detects a malfunction of the brake unit when elevator car arrives at a floor; and a
regenerative brake<contrel wunitwhish regeneratively: brakesdhe glectric mater-by: glesing the
switching elements of one of the positive
5 DC power; a smoothing capacitor to smooth & 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 to variable
10 voltage/frequency AC power; an eleciric 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 energizing/interruption of each
switching element of the inverter so that the variable
15 voltage/frequency AC power is output according to a
predetezmihed operation pattern; a brake unit which
mechanically brakes movement of the elevator car; a
brake contrel unit which operates the brake unit to
brake movement of the elevator car when the slevator
20 car arrives at a floor; an error detector which detects
a malfunction of the brake unit when the elevator car
arrives at a flcor:; and @ regenerative brake control
unit which regeneratively brakes the electric motor by
closing the switching elements of one of the positive
25 polarity side and negative pclarity side of the

inverter, and opening the switching elements of the



25 polarity side and negative polarity side of the inverter, and opening the switching elements of the -
4a other polarity side, when a malfunction of the brake unit is detected by the error detector. An
alternate aspect of the present invention provides an elevator control apparatus comprising: a 5
rectifier circuit to convert AC power from an AC power supply to DC power; 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 @ta bridge, 10 and outputs the smoothed DC
power by converting to variable 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 enefgifing/igter@ptitn of éach 155witchirtfelément ofthednverier so thiat the variable
voltage/frequency AC power is output according to a_predetermined operation pattern; a brake unit

which mechanically'brakes mdverment of the gl%@at%?%gl’f agﬁFaﬁ(%‘g ntrol unit which operates the
brake unit to 20 brake moyement af the.elevator.car when the elevator (cay.agdves; at-a floor; an

abnormal-run detector which detects start of abnormal running of the elevator car when the elevator
car arrives at a flogrrand a«egenerative brake canirotuhitavipehr eegenetativelyl sing: a
5 rectifier circuit to convert AC power from an AC power
supply to DC power; a smoothing capacltor to smooth a
ripple of the DC power converted by the rectifier
circuit; an inverter which 1s formed by connecting
diodes and switching elements in the form of a bridge,
10 and outputs the smoothed DC power by converting to
variable voltage/freguency AC power; an electric motor
which moves an elévator car up and down by driving from
the AC power output from the inverter; a run conirol
unit which controls energizing/interruption of each
15 switching element of the inverter so that the variable
voltage/frequency AC power 1s output according to a
predetermined operation pattern; a brake unit which
mechanically brakes movement of the elevator car; a
brake contrcl unit which coperates the brake unit to
20 brake movement of the elevatcr car when the elevator
car arrives at a fleoor; an zbnormal-run detector which
detects start of abnormal running of the elevator car
when the elevator car arrives at a flioor; and a
regenerative brake control unit which regeneratively
25 brakes the electric motor by closing the switching

elements of one of the positive polarity side and



25 brakes the electric motor by closing the switching elements of one of the positive polarity side and
4b negative polarity side of the inverter, and opening the switching elements of the other polarity side,
when abnormal running of the elevator car is detected by the abnormal-run detector. 5 A further
aspect of the present invention provides an elevator control apparatus comprising: a rectifier circuit to
convert AC power from an AC power supply to DC power; a smoothing capacitor to smooth a ripple of
the DC power converted by the rectifier circuit; an 10-in¢erter 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; an electric motor which moves an elevator car up and down by
driving from the 157%C poWes obfput fiohy tfel veftér; Birunicortrol Ghit \whigh Geptrolss the

energizing/interruption of each s ig:hingrelemgng of the %lverter so that the \ﬁ/ariable}1
voltage/frequency AG poweris o%l\ip"ﬁrﬁea%c&aﬁ;ﬁg 0'a predetermingd dperation patt&riv an abnormal

20 acceleration detgciorwhigh detects, abpermal acoeleration of the elevator car when,the glevator
car is running at a predetermined speed lower than a normal running speed, and the €levator car
speed is higher thanaqredéterminetkvalue;cand a regenerative brake
5 A further aspect of the present invention provides
an elevator control apparatus comprising: & rectifier
circuit to convert AC power from an AC power supply to
DC power; a smoothing capacitor to smooth & ripple of
the DC power converted by the rectifier circuit; an
10 inverter wnhich 1s formed by connecting diodes and
switching elements in the form of a bridge; and ouiputs
the smoothed DC power by convertiing to variable
voltage/frequency AC power; an electric motor which
moves an elevator car up and down by driving from the
15 AC power output from the inverter; a run control unit
which controls 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; an abncrmal
20 acceleration detector which detects abnormal
acceleration of the elevator car, when the elevator car
ig running at:a predetermined speed lcower than a normal
running speed, and the elevator car speed 1s higher
than a predetermined value; and a regenerative brake
25 control unit which regeneratively brakes the electric

motor by closing the switching elements of one of the



25 control unit which regeneratively brakes the electric motor by closing the switching elements of one
of the - 4¢ positive polarity side and negative polarity side of the inverter, and opening the switching
elements of the other polarity side, when abnormal acceleration of the elevator car is detected by the
abnormal acceleration 5 detector. Another aspect of the present invention provides an elevator control
apparatus comprising: a rectifier circuit to convert AC power from an AC power supply to DC power;
a smoothing capacitor to smooth a ripple of 10 the DT (éwer 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 pewget by converingdo yarabley¥eltage/frequency A powesran electric
motor which i5 moves an elevator car up and down by driving from the AC cower output from the
inverter; a run contedlaunittwhichecontiols! energiZingl/intefuption- ot éach shitehingselementef the

inverter so that the a\gb ower W|th a variable volgbeﬁge/fr enc is out(g accordlng 20. to
predetermined opePAtiGH patterh® an énvergéncy’” Ské—1 echarmically Brakes movement of

the elevator car inan.emergency,and afegenerative r% CQBH%‘&@EWQ@Q&Q?Q%%WW brakes
the electric motor by closing the switching elements of one of the
5 detector.
Enother aspect ¢of the present invention provides
an elevator contrcl apparatus comprising: & rectifier

circuit to convert AC power from an AC power supply to

DC power; a smoothing capacitor to smooth a ripple of

3
>

10 the DC power converted by the rectifier circuit; an
inverter which is formed by connecting dicdes and
switching elements in the form of a bridge, and cutputs
the smoothed DC power by converting te variable

voltage/frequency AC power; an electric motor which

}._‘.A
(S

moves an elevator car up and down by driving from the
AC power output Ifrom the inverter; a run control unit
which controls energizing/interruption cof each
awitching element of the inverter sc¢ that the AC power
with a variable voltage/frequency 1s output according
20 to a predetermined operation pattern; 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
25 positive polarity side and negative polarity side of
the inverter, and opening the switching elements of the

other polarity side, when the elevator car 1s stopped



25 positive polarity side and negative polarity side of the inverter, and opening the switching elements
of the other polarity side, when the elevator car is stopped - 4d - by the emergency brake unit. An
additional aspect of the present invention provides an elevator control apparatus comprising: a
rectifier circuit to convert AC power from an AC power 5 supply to DC power; 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 to 10 variable voltage/frequency AC power; an electric motor which moves an

elevator car up andsgown by-giiving:fiem the: AC pewer output from the inverter; a run control unit
which controls energizing/interruption of each switching element of the inverter so that the variable 15

voltage/frequency AC powst is8didut acedrdiipo-a prédéterminetssperation pattent: a brake unit
which mechanically brakes movement of the elevator car; a deceleration speed detector which

detects a degree of detelttatidH of the otationSpeeti o tRE Bieciic 20 Hidtsr at'thedime' of braking by
the brake unit; and a, regenerativg brake.cantrol upis which, regengratively. brakes,the glectric motor by

closing the switching elements of one of the positive polarity side and
5 supply to DC power; 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 to

10 variable voltage/fregquency 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 energizing/interruption of sach
switching element of the inverter sc that the variable

15 voltage/frequency AC power 1s output according to a
predetermined operation pattern;: a brake unit which
mechanically brakes movement of the elevator car; a
deceleration speed detector which detects a degree of
deceleration of the rotation spesd of the electric

20 moter at the time of braking by the brake unit: and a
regenerative brake control unit which reageneratively
brakes the electric mector by closing the switching
elements of one of the positive peclarity side and
negative polarity side of the inverter, and opening the

25 switching elements of the other polarity side, when the
value detected by the deceleration speed detector is

lower than a predetermined reference value.



negative polarity side of the inverter, and opening the 25 switching elements of the other polarity side,
when the value detected by the deceleration speed detector is lower than a predetermined reference
value. - 4e BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING FIG. | is a view
showing an example of configuration of a dynamic brake of an elevator control 5 apparatus according
to a first embodiment of the present invention; FIG. 2 is:a view showing an example of configuration
of a dynamic brake of a conventional 5 elevator control apparatus; FIG. 3 is 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 apparatus
according to a second embodiment of the invention; FIG. 5 is a view showing an example of
configuration of an efévatdr controkapparatus’ acEordifg & #ird/embodivhe it th&hiEkton; 15
FIG. 6 is a view showing an example of confi%uration of an elevator control %pparatus according to a

fourth embodiment of the frivention:FIG" 7' 2" view EHowing An SXAMpIE of

configuraticn of a dynamic brake of an elevator control



configuration of an elevator control 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
- (Embodiment 1) A first embodiment of the present invention will be explained. First, a dynamic brake
is explained. FIG. 1 shows 5 an example of configuration of a dynamic brake of an elevator control
apparatus according to the first embodiment of the inveition- 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 ri[%pleén‘ the rectified direct current is absorbed by a smoothing
capacitor 10, and tH& diréct camhtid'stippied b &n inverter ERAAE AEBdth ¥hds 8t the smoothing

capacity 10, a serial 15.Girguit;composed pf a damping resistor 8 and a damping resistor energizing
element 9 is provided. In the inverter circuit, six parallel circuits 7

FIG. 2 1is & view showing an example of

configuration of a dynamic brake of a conventional
5 elevator éontrol apparatus;

FIG. 3 is 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 apparatus
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 is a view showing an example of
configuration 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 control 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.



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 frequency 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 elements 34 on the positive side of the inverter circuit, and to
close three switching elements 34 on the negative side. A closed circuit is formed by the closed
switching 5 elements 34 on the negative side of the inverter circuit and the field winding of the motor
1. Therefore, the regenerative energy produced by the electromotive force generated in the field
winding is consumed in ea%“%l’(ﬂi\%mﬁiﬁg in' a process wherein the 10 regenerative current flows in

the above closed circuit. T}ge fgret ae_tigﬂrgléiél H{g;}cte 5 fapplied to the motor 1, and the motor 1 is
stopped within a short time. FIG. 2 Shows an exampla of configtiafisR bf 47 dyHamie brake &f a

conventional elevatek 154p the dyaamic brake shown in FIG. 2, a three- phase alternating current

supplied from an AC power
First, a dynamic brake is explained. FIG. 1 shows

5 an example of configuration of a dynamic brake of an
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 1s 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
circult by a pulse-width modulation (PWM} signal from a
not-shown operation control unit, the input direct
current 1s converted to a three-phase alternating
current having optional frequency 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



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 20 the direct current is supplied to an inverter
circuit in a later stage. At both ends of the smoothing capacity 10, a serial circuit composed of a
damping resistor 8 and a damping resistor energizing element 9 is provided. 25 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 8 interrupting each switching element 34 of the inverter circuit by a
pulse-width modulation (PWM) signal from a not-shewnoperation 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 motor 1 through a conductor contact 31 and a power line. A load resistor 30 for
consuming regenefdfive “EriéYgy Gd eBfifdcted betiedh theopoviarilinesshrbrighithe nt0 conductor

Close, and the conCctor ooniat 35 e bp ke CHherefars, th“fotdi L e b5 (B ee-phase
alternating 15 current ssipplied fregythesinuertergircuit.
A closed circuit is formed by the closed switching
5 elements 34 on the negative side of the inverter

circuit and the field winding of the motor 1.
Therefore, the regenerative energy produced by the
electromotive force generated in the field winding is
consumed in each field winding in a process wherein the

10 regenerative current flows in the above closed circuit.
Therefore, a braking force is applied to the motor i,
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.

15 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

20 the direct current is supplied to an inverter circuit
in a later stage. At both ends of the smoothing
capacity 10, a serial circuit composed of a damping
resistor 8 and a damping resistor energizing element 9
is provided,

25 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



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 dynamic brake shown in FIG. 1. FIG. 3 shows
an example of configtir&iciBt- e eRvator cohtrohdpparaiusrascordidg o therfirst. embodiment of the
invention. In the confi%uration shown in FIG. 3, the 10 explanation on the same components as those

of the configuration Showh in BIGS 15Vt BE Siitlad: Ilﬁcif:!illéié\}é)tfir EEHEOl apbaratts SK6Wnan FIG. 3,
the motor 1 controlg fotation,of & main sigys 41, AdPpe 2 whose hoth ends are fixed to a ceiling 44 of

an up-and-down
current is converted to a three-phase alternating
5 current having optiocnal frequency and voltage, and
supplied to an electric motor 1 through a conductor
contact 31 and a power line.

A load resistor 30 for consuming regenerative

energy is connected between the power lines threough 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 37
Therefore, the regenerative energy generated in the
motor 1 is consumed by the locad 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



15 path is hung on the main sieve 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 urtit 17#and PWM signal 10 generator 16. These
first switches 45 are connected one-to-one to terminals of three second switches 46 and three
terminals of the winding short-circuit command unit 17. The second switches 46 can be switched 5
between the termirfdl§ of- Rt urfeht EbRtFoPCorfRANECTIAR T4 Shde lotmbteRAinan T hg2run

command unit 12 qytputs a brake open si ngl, nd connects the second switch 46 to the
current-control command unit 14, i/%he%’ru%ﬁing%g g réfé%/aaf:olgr%ra%%gTﬁg Fin %8?'?1nh?§nd unit 12 also

outputs the brake epensignalitesthe hiake epios eteciors18. Thebrake erser defgctor 18 has a
function of switching the first
Next, explanation will be given on an elevator
5 control apparatus having the dynamic brake shown in
FIG. 1. FIG. 3 shows an example of configuration of
the elevator control apparatus according to the first
embodiment of the invention.
In the configuration shown in FfG. 3, the
.10 explanation on the same components as those of the
configuration shown in FIG. 1 will be omitted. In the
elevator control apparatus shown in FIG. 3, the motor‘l
controls rotation of a main sieve 41. A rope 2 whose
both ends are fixed to a ceiling 44 of an up-and-down
15 path is hung cn the main sieve 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 tec the current-control command unit 14.
Three first switches 45 are provided between the

winding short-circuit command unit 17 and PWM signal



switch 45. The brake error detector 18 receives the 15 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
rotation speed of the motor 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 motor 1 to the
current-control command unit 14, so that the calculated speed meets the - 11 -
acceleration/deceleration speeds and constant speed of the elevator car in a process of operating the
elevator car 3 from a starting floor to an arriving floor. The current-control command unit 14 outputs a
5 three-phase voltagerconrhand i the PWM signial generatarché,ssoithak the euwrrentcetected by the
current detector 15 meets the current equivalent to the torque current command. The PWM signal

generator 16 send$"A “PWH Sighalfo dacH dWitching Elehiit 3450t th& thverteF Tbeircdit, so'that a

vonageeqmvabnpghqgémmggﬁf%gm@aggi%ggﬁ%&ﬁ&ﬁﬁgﬂggggtb@@%ﬁ&f@egg%Mﬂ%P“a
generator 16 functions as a run control unit
unit 17. The second switches 46 can be switched
5 between the terminals of the current-control command
unit 14 and a ground terminal.

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

10 elevator car 2.

The run command unit 12 also ocutputs 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

15 brake open signal frem 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 123
calculates the rotation speed of the motor 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 cof the motor 1 to the current-control

command unit 14, so that the calculated speed meets the



which controls energizing and interrupting power to each switching element 34 of the inverter circuit,
so 15 that a variable voltage/frequency 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 s a brake control unit to actuate the friction
brake unit 5 in order to stop the movement of the elevator car 3. 12 The friction brake unit 5 sends a
state signal indicting the open/close state of the friction brake to the brake error detector 18. The
brake error detectdt “E8 rédeilesthé Hrake simal fEmIRESET commarhanie 51125 naddegdrds the

friction brake as being nat closed, when the state signal from the friction brake unit 5 indicates
opening of the friction brake. The br;i% efror %e%%%ocrel%sseondsoé) E8mmahd éiﬁ%ﬁé%ﬁ&%
elevator car 3 to theaun Tommand unit 42; inerder 0,10 pperate gquq%q{’aicﬂrgg%_and switches the

first switch 45 connected to the PWM signal generator 16 from
The current-control command unit 14 outputs a
5 three-phase voltage command to the PWM signal generator
16, so that the current detected by the current
detector 15 meets the current eguivalent to the torgue
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 the 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, sc
15 that a variable voltage/frequency AC power 1is output
according to a predetermined operation patitern.
When the elevator car 3 runs close to an cbiject
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 § 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

of the elevator car 3.



the current-control 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 gloses three switching elements 34 on the
negative side. Then, a closed circuit is formed by the three 13 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 elé@rohidtivelsowergéiteratertinithe fisldwindinbqs & consuaied by each
field winding in theiprggg%sgjwhere'n the reger erative %urrent flows in the above closed circuit. As a

result, a braking force is applidd o' the Riotor 1 &iTd the motdt 1 is Soppetiwitiin £R0E tinfe. 10
Namely, when a malungtion.af the frictionchrake or 18, The brake error detector

18 receives the brake signal from the run command unit

5 12, and regards the friction brake as being not closed
when the state signal from the friction brake unit 5
indicates copening 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-control 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 % 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 circult is formed by the three



unit 5 is detected, the PWM signal generator 16 and the winding short-circuit command unit 17 closes
three switching elements 34 on one side of the inverter circuit, and opens three switching elements
34 on the 15 other side, and functions as a regenerative braking control 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. In 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 required
become unnecessary, and the manufacturing cost can be reduced and the apparatus size can be
made 14 compactS(ErSsdifent 2pAseeand €nbodimeéntof thednventien ivik beiexplained. Among

the components ofé e eI.evatortS control apparatus according to the following embodiments, the
explanation on the ‘Same' €omporents A& thbse SROWNR Fig 1 dilrbe dhiie@ finthe 8sdration of the

elevator control apparatys,accordipg, tothe folloying emiodiments, the gperafjonsfrom ..,
electromotive power generated in the field winding is
5 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.

10 Namely, when a malfunction of the friction brake
unit 5 1s detected, the PWM signal generator 16 and the
winding short-circuit command unit 17 closes three
switching elements 34 on one side of the inverter
circuit, and opens three switching elements 34 on the

15 other side, and functions as a regenerative braking
control 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
required become unnecessary, and the manufacturing cost

can be reduced and the apparatus size can be made



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 brake 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 memory 19. The first free-run detector 20
has a function of switékitdg the first switch 45, and connects the first switch 45 to the current-control
command unit 14 when reZEivingdthe 5 braée open signal from the run command unit 12. When the
elevator car runs close to n%%JecJtnﬁ%b?, & run command unit 12 sends a brake signal to the friction

brake unit 5 and stop posifon MeMEYekdbodiment of the invention will be

explained. Among the components of the elevator

5 control apparatus according to the following
embodiments, the explanation on the same components as
those shown in FIG. 1 will be omitted. In the
operation of the elevator control apparatus according
te 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 ¢f 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 brake 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



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 differerge 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 detectef 20 Dudputs @scoirmand siymay 16 %to stdr thefélewatof car3 tathe run command

unit 12, and switch(fésttge 1g‘irst ?thﬁﬁ‘ 435 conéwected, to theFPWM, signal generator 16 from the
current-control comimand to'fhié Windifg Shbrcifduittohimand anit1y. 5 Narhely, the first

Unit
free-run detector 2Q fynctiongsas aRabparpal Ll detector, which detects start,of abnormal running

of the elevator car 3 after the car
current-control command unit 14 when receiving the

5 brake open signal from the run command unit 12.

When the elevator car runs close to an cbject
filcoor, 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 1%. When the difference between the compared
values 1s 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



arrives at a floor. 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 appliet-tarl 7 fthe #rctoR I cand the Motor 1tisstoppedowithiaraishort time. ,As
explained above, inatrtilg elevatOécontr%! apparatus ac,cordinaﬁo the second embodiment of the 5

Si&\ator 85r 3 SA&F be ViRl By opErARRG HE dYAamitehra¥ when the

invention, free running of thé €t
signal generator 16 from the current-control command

unit 14 to the winding short-circuit command 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 winding short-circuit command unit 17 outputs

10 a control signal to open three switching elements on
one side of the inverter circult, here the three
switching elements 34 on the pésitive 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



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
invention. 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 gwitch-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 6 the"€lifénticortrst conarrianit 14 whentrepgivimgwtherbinake opensignal from
the run command nitmlz. When the elevator car runs close to an object floor, the run command unit
12 sends a brake S|gna?fo 5 the friction brake unit 5 and second free-run detector

As explained above, in the elevator control

apparatus according to the second embodiment of the
5 invention, free running of 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 invention.

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



21, 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 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 detector 21 judges that the elevator car 3 has
started. free running caused by a defect of the friction bfake. _Then, to operate the dynamic brake, the
second free-run 20 detector 21 outputs a command 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 Eemirfendeunit #4 ttothe winding shert:circuit commanchenit 1223 Namaely, the
second free-run det?gtor 21 functions as an abnormal-run detector, which detects start of abnormal

running of the elevatst caf 3 AfteP i cat 18 SarriveS ™t Btfoof. %é@%ﬁbﬁsh@ﬂ:lré@lt command

unit 17 outputs a control gignal t¢ ppep fhrge switching elements gn one side in the me/erter circuit,
here the three
floor, the run command 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 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 calculateé the
rotation speed based on the values of the rotation
angles as the result of detection.

15 Wnen the calculated rotation speed is higher than
the predetermined reference value, the second free-run
detector 21 judges that the elevator car 3 has starte.d
free running caused by a defect of the fiiction brake.
Then, to operate the dynamic brake, the second free-run

20 detector 21 outputs a command 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.

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



5 switching elements 34 on the positive side, and to 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 elements 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 whereinithe regenerative current flows in the above
closed 20 circuit. As a result, a braking force is applied to 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® 85 iri/ehtid, fled Mitfing of the elevator car 3 can be stopped by operating the

dynamic brake when the glevator car is @UQQSQ o have staé(rted free rucgmlr;%t ased on the rotation

20
speed of the motor 1 after the elevator car 15 once stopped. Thererore: salfety of thé Br&VALS can be

increased. a control signal to cpen three switching elements on
one side in the inverter c¢ircuit, here the three
5 switching elements 34 on the positive side, and to
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 elements 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 to
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 operating the dyrnamic brake when the

elevator car is judged to have started free running



(Embodiment 4) 5 A fourth embodiment of the invention will be 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 ufit 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 conA&Rd uRit 187 her? T8LeivigthE Hrakd ofétF stgRarfor thé & céRfnand unit
12. 25 After switching.fhe first switch A5, the aboormal. gecelergtion detector 22 inputs the, result of

detection by the rotation angle detector 6 by two or more times 21 at a pre etermited time interval,
and calculates the erbtation-speedrbased on-theaalues of the rotation
(Embodiment 4}

5 A fourth embediment of the invention will be
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 cperation mode, for example,
i5 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
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 rotation angle detector 6 by two or more times



angles as the result of detection. When the calculated rotation speed is higher than 5 the
predetermined reference value; the abnormal acceleration 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 predeterminéd speed lower than a normal running speed,
the abnormal acceleration detector 22 functions as an abnormal acceleration detector, which detects
abnormal acceleration of the elevator car 3 when the elevator 20 car speed is higher than a

predetermined val@®: TheWindfhg SHorRERcUit BSmiianar Uiite7 BHuts Adbhtriot Sighafto open
three switching elemants 9p-00%,8idg ol e inveiter glicyl fieis e-tryqe. uifching,glements 34 of
i ot '

the positive side, and to 25 close the three switching elements 34 of the other side. he PWM signal
generator 16 receivesythessigrali22= froasthe-wingling: shert-¢iseuit command unit 17, opens
When the calculated rotation speed is higher than
5 the predetermined reference value, the abnormal

acceleration 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 te 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
abnormal acceleration detector, which detects abnormal
acceleration of the elevator car 3 when the elevator

20 car speed 1s 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



three switching elements 34 on the positive side, and closes three switching elements 34 on the
negative side. 5 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 1.0 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 accarding-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 whifg"fHe dibFattr-8aHiB JuihiRg BT 416w shEed HRAEShtHBNEE obératidiemade.
Therefore, safety offhe. Lleyalor.can e Inrasad. (Smbodiment 9)25.4 fith embpdiment,of the

invention will be explained. FIG. 7 shows an example of configuration of the elévator control
apparatus according tosthe fifth23%:- switching elements 34 on the negative
side.

5 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

16 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 moter 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



embodiment of the invention. As shown in FIG. 7, the elevator control apparatus according to the fifth
embodiment of the invention is provided with an emergency stop unit 23, instead of the 5 brake 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 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 ¢ammand 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 c&FB4R dR%htergénéy RedERARG Hid control signal from the emergency stop unit

23, the run command unit S2 rgg%r‘gg tg% uB-Ignd-gow movement of the elevator car 3 as being
mechanically stopped by the emergency 'stop unit 23, 25°séntis {Ré rin EoMhidhtd GRPEs atdtmmand

signal to stop the elevatorsaic3 inordgetoragtuatethedynanie hrake to prevent the mechanical stop

from being reset
provided with an emergency stop unit 23, instead of the

5 brake error detector 18 explained in the first
embodiment.

When running the elevator car 3, the run command
unit 12 ocutputs 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 movenent 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 jump-up of the elevator car 3, 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 17. 5
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 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 opn 4he 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 irbttie fielbwititing ist2@ cerstimeéd by @ach feldawindimgiih ¢the prodess wherein the
regenerative current flows in the 3%0\4% closed circuit. As a result, a braking force is applied to the

i

motor 1, and the motor 1'is Slopped withind Ko Tihe 25" A expibingd Hdve JiRtRs @i&ator control
apparatus accordinggdothe fifthyembodiment of b8t o1 command unit 14 to the

winding short-circult command 17.

5 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 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
cioses 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 motoer 1 is stopped within a short
time.

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

invention, free running of the elevator car 3 can be



invention, free running of the elevator car 3 can be 25 stopped by operating the dynamic brake to
prevent resetting of the emergency stop while the elevator car 3 is in an emergency stop. Therefore,
safety of the elevator can be increased. 5 (Embodiment 6) 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 , instead of the brake error detector 18 explained in the first embodiment. 15 When running
the elevator car 3, the run commas:.; 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
20 open signal to tHECipBEfficient deeélsfdtivncieidctior 24aThe insufficientcdaceteration detector 24
has a function of swggsgigg %p}e firsfhsmgtch 45, and connects the first switch 45 to the current-control
e

command unit 14 whei recemng the Feak%mo%lé%esr?ﬁﬁal?Fo%?tﬁ@%92§8&nﬁ%a%‘ﬂa&ﬁtr1£ar

3 is in an emergency stop. Therefore, safety of the
elevator can be increased.
5 (Fmbodiment 6)

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.géf
instead of the brake error detector 18 explained in the
first embodiment.

15 When running the elevator car 3, the run commanc
unit 12 outputs a brake open signal, and connects ﬁhe
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



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 insufficient deceleration 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 terminal 5 side. Receiving the brake signal, the insufficient 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, thesinsufficient 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 therBfatibh-<pbeatis istkRan alfrefeterminkias reiérentevaluis the msafficient

deceleration detectar 20 24 jydges th e elevator car.3 cannot be normally stopped in an
emergency caused by a §gf%ct%§'the%§:o? elgﬁn[ﬁ?l% chse theThsiHiciéRt deteteration detéctor 24

sends the run commaad &nit 422 gemmanc Sighat to-stop the-glevator car 3. and switches the
switches the second switch 46 to the ground terminal
5 side.

Recelving the brake signal, the insufficient
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 normalily
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.



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. 27 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 on the positive side, and to 5 close three switching elements 34 on the
negative 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 closes three switching
elements 34 on the negative 10 side. Then, a closed cir¢uit isformed 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 b%_,the 15 electromotive power generated in the field winding is
consumed by each field widing e BoSEsthRErehT e reganaraivevsukent flows vt above

a ahort 20 time. A expaned aboVe, hine LISUAtr CAnti pAAILS Moo e s
embodiment of theoiwentiet: fiee runsingrafdhe elevatarGar 8,candie. the three
switching elements 34 on the positive side, and to
5 close three switching elements 34 on the negative 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
closes three switching elements 34 on the negative

10 side.

Then, a closed circuit is formed by the thrée
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
inventicn, 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 emerdency
stop of the elevator car is judged impossible based on

the degree of deceleration of the rotation speed of the



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 28 motor 1, while the elevator car 3 is in an emergency stop. Therefore, safety
of the elevator can be increased. In the above explained embodiments, the dynamic 5 brake
configured as shown in FIG. 1 is used. However, 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 commandssignal 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 load F&iStor 30 thPdUGR thE L 5CondRET coRtact 32 SAdditieRaldrRARRIHes and
modifications will readjly occyr, 1o these skilledip the gt Therefgre, the inventiop in its broader

aspects is not limited to the specific details and representative embodiments 20 shiown and described
herein. Accordingly; waneuss #andifications may be made without departing from the spirit or scope of
the general inventive concept as

In the above explained embodiments, the dynamic

5 brake configured as shown in FIG. 1 is used. However,
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

i0 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 load resistor 30 through the

15 conductor contact 32.

Additional advantages and modifications will
readily occur te those skilled in the art. Therefore,
the invention in its breoader aspects is not limited to
the specific detalls and representative embodiments

20 shown and described herein. Accordingly, varioué
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.



defined by the appended claims and their equivalents. - 29 - WHAT IS CLAIMED IS: 1. An elevator
control apparatus comprising: a rectifier circuit to convert AC power from an AC power supply to DC
power; 5 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 to variable 10 voltage/frequency AC power; an electric
motor which moves an elevator car up and down by dr\yng 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 output according to a predetermined
operation pattern; a brake unit which mechgmically brakesimowement 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 érror detetdEWRlchetess > maiBREIGH O 25 WHE bidke gnit when the

elevator car arrives at a . . .
a rectifier circuit to convert AC power from an AC

power supply to DC power;
5 a smoothing capacitor to smeoth 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 to variable

10 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

15 energizing/interruption of each switching element of
the inverter so that the variable voltage/frequency AC
power is output according to a predetermined operaticn
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



floor; and a regenerative brake control unit which 30 regeneratively brakes the electric motor by
closing the 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 5 a malfunction of the
brake unit is detected by the error detector. 2. An elevator control apparatus comprising: a rectifier
circuit 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 rec 'ff'ber 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 15 voltage/frequency AC power; an electric motor which moves an

elevator car up angdedown by, diiviogfrom dhe AC-pewen eutput:from the inyerter; a.rup copfrol unit

which controls 20 energizing/interruption of each switching element of the inverter so that the variable
voltage/frequency AL polwends eltputaccordingaoa predeterminedioperation Ipattery; & brake unit
which mechanically brakes movement of :
and negative polarity side of the inverter, and opening
the switching elements of the other polarity side, when
5 a malfunction of the brake unit is detected by the
error detector.
2. An elevator control apparatus comprising:
a rectifier circuit to convert AC power from an AC
- power supply to DC power;
10 a smoothing capacitor to smooth a ripple of the IO
poﬁer converted by the rectifier circuit;
an inverter which is formed by‘connecting diodes
énd switching elements in the form of a bridge, and
outputs the smoothed DC power by converting to 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 tha
inverter;
a run contrel unit which controels
20 energizing/interruption of each switching element of
the inverter so that the variable voltage/freqguency AC
power is output according to a predetermined operation
pattern;
a brake unit which mechanically brakes movement of
25 the elevator car;

a brake contrcel unit which operates the brake unit

to brake movement of the elevator car when the elevator



25 the elevator car; a brake control unit which operates the brake unit to brake movement of the
elevator car when the elevator 31 - car arrives at a floor; an abnormal-run detector which detects start
of 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 motor by closing the 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 detegtoy detgcts start,ef abaeraa!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.:26h4 el elevatoi €oatrobappdratus abebeding tes ickaim 2,further
comprising a rotation angle detector which detects a rotation angle of the electric motor, wherein the

abnormal-run deteétf eaRaaEe Atbbdiont the elevator car when the elevator

car arrives at a floor; and

5 ' ‘a regenerative brake control unit which
regeneratively brakeé the electric motor by closing the
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 cof 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 abnermal-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 o 4, The elevator control apparatus a;cording £0
claim 2, further comprising a rotation angle detector
which detects a rotation angle of 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 elevator car when the

rotation speed becomes a predetermined value.



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 elevator car when the rotation speed becomes a
predetermined value. 32 5. An elevator control apparatus comprising: a rectifier circuit to convert AC
power from an AC power supply to DC power; a smoothing capacitor to smooth a ripple of the DC 5
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 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 control unit which controls '

energizing/interruption ofseachnswitchingselement of 5 thedpvertarso thakiheivariaple
voltage/frequency AC power is output according to a predetermined operation pattern; an abnormal
acceleration detector whizhoietédts iatnorinet aételEration of #id eldVator ¢ar, ivemthe 2@ €levator
car is running at a predetermined speed lower than a normal running speed, and the elevator car

speed is higher th&i's prédeBmiinkd vaiue; aha™ ’

a smoothing capacitor to smooth a ripple of the DC
5 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
voltage/frequency AC power;

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

a run ceontrol unit which contrels
.energizing/interruption of each switching element of

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

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

20 elevator car 1s running at a predetermined speed lower
than a nermal 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 clesing the

25 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



a regenerative brake control unit which regeneratively brakes the electric motor by closing the 25
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 33 abnormal acceleration of the
elevator car is detected by the abnormal acceleration detector. 6. An elevator control apparatus
comprising: a rectifier circuit to convert AC power from an AC 5 power supply to DC power; a
smoothing capacitor to smooth a ripple of the DC powey 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 electric motor

which moves an elexatelgalup, @nsidawn by drivingtfremdhe AG pewek eutpyt fremdtbeeiaverter; 15
a run control unit which controls energizing/interruption of each switching element of the inverter so

that the AC power with aheariabie nvoitagefetensy iscoutpat-gstording to a predetermined operation

pattern; 20 an emergency brake unit which mechamcall;ibrakes movement of the elevator car in an
emergency; and . An elevator contr apparatus comprising:

a rectifier circuit to convert AC power from an AC
5 power supply to DC power;
a smoothing capacitor to smooth a ripple of the DC
power converted by the ;ectifi@r circult;
an inverter which is formed by connecting diodes
and switching elements in the form of a bridge, and

10 ocutputs the smo&thed DC power by converting to variable
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;

15 . a run control unit which controls
energizing/interruption 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;

20 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 eléctric 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



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 34 - unit. 7. An elevator control apparatus comprising: a rectifier circuit to convert AC
power from an AC power supply to DC power; 5 a smoothing capacitor to smooth a ripple of the DC
power converted by the rectifier circuit; an inverter whicksis formed by connecting diodes and
switching elements in the form of a bridge, and outputs the smoothed DC power by converting to
variable 10 voltage/frequency AC power; an electric motor which moves an elevator car up and down
by driving from thezA€tower 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 output according ¥6a préEdetefmined UpEratic iRt S KrakBThit WiHich mechanically

bmmesrnovementofZOEQeggggggﬁgy;circuit to convert AC power from an AC

power supply to DC power;
5 a smcothing capaditor to smooth a ripple of the BC
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

10 voltage/fregquency 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 centrols

i5 energilzing/interruption of each switching element of
the inverter so that the variable voltage/frequency AC
powef is output according to a predeﬁermined 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



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 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. - 35 -

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

is lower than a predetermined reference value.



