SPEED CONTROL APPARATUS FOR COMPENSATI NG VI BRATI ON OF ELEVATOR < WS
BACKGROUND OF THE | NVENTI ON 1. Field of the Inventionf3%¥ P

present invention relates to a speed control apparatus for operating a
cage of an elevator at a speed suitable for a required operation
condition, and nore particularly, tolan I nproved speed control apparatus
for conpensating a vibration of an elevator and which is capable of
reduci ng a nechani cal vibration when a high speed el evator having a | ow
mechani cal resonant frequency i s operated. 2. Description of the
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€S a"cage at a spee an operating

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a speea control
apparatus for operating a cage of an elevator at a speed
suitable for a required operation condition, and more
particularly, to an improved speed control apparatus  for
compensating a vibration of an elevator and which is capable
of reducing a mechanical vibration when a high speed elevator

having a low mechanical resonant frequency is operated.

2. Descfiption of the Prior Art

A speed control apparatus of an elevator is an apparatus
which operates a cage at a speed suitable for an operating
condition. |

Figure 1 is a view showing the construction. of a speed
con£r01 apparatus of an elevator according to the conventional
‘art. As shown in this drawing, the speed control apparatus of
the elevator includes a winding machine 118 having é motor and
a sheave, a cage 121 and a counterweight 122 for-carrying out
a vertical movemént in accordance with a rotation of the
winding machine 118 through cables 119,120, a pulSe generator

117 for outputting a pulse signal (pl) in accordance with a



‘condi ti on. Figure 1 is a view show ng the construction of a speed
control apparatus of an el evator according to the conventional. art. As
tshown in this drawi ng, the speed contrel apparatus of the elevator
includes a winding machine 118 having @ notor and a sheave, a cage 121 and
a counterweight 122 for carrying out a vertical novenent in accordance
with a rotation of the w nding machine 118 through cables 119,120, a pul se
generator 117 for outputting a pulse signal (pl) in accordance with a

2 rotation of the wi nding machine 118, a pul se anplifier 115 for

recei ving thstgiilsit of @hel anam Wﬁtlﬁdclﬁiﬁ@ i1, plipd seeaepidtidierli15afdr
outputtlng a pul se signal (p2) i ch corresponds to a rotation speed of

t he wi ndi ngrataivitey ke puldeieiamadr olitputied fubi 8hei pglbbegatkbsgtoignal
(p2) outputted fromthe pulse anplifier 115 froma speed command si gna
(u*) exterrmal?)and outputting a pulse signal (p2) which corresponds to a -
rotation speed of the winding machine 118, a subtractor 112
for subtracting the pulse signal (p2) outputted from the pulse
amplifier 115 from a speed command signal (u*) externally
inputted and 6utputting a speed error signal (e), alspeed
controller 113 for receiving the speed error signal from the
subtractor 112 and performing proportional and integrational
controls to output a current command signal (i*), a cﬁrrent
- controller 114 for converting the current command signal (i*’
into a voltage command sigﬁal (v*) and outputting it, and an
inverter 116 for operating the winding machine 118 in
accordance with the_voltage command signal (v*).
kl represents a spring constant of the cable 119
connecting the sheave of the winding machine ana the cage 121,
Cl  a damping coefficient of the cable 1189, -k2 a spring
constant of the cable 120 connecting the sheave of the winding
machine 118 and the counterweight 122, and C2' a damping
coefficient of the cable 120.
The operation of the speed control apparatué of the
elevator according to the conventional art will now be
described with reference to Figure 2.
When an operating command for an elevator is'extefnally

inputted, the speed command (u*) is inputted to the speed



inputted and outputting a speed error signal (e), a speed controller 113
for receiving the speed error signal fromthe subtractor 112 and
sperform.ng proportional and integrational controls to output a current
command signal (i*), a current controgler 114 for converting the current
command signal (i*) into a voltage command signal (v*) and outputting it,
and an inverter 116 for operating the w nding machine 118 in accordance
with the voltage command signal (v*). k1l represents a spring constant
of the cable 119 connecting the sheave of the w nding machi ne and the cage
121, Cl1 a comprollevefifidcitdowdh ttite cabberadforkil2 sfrdmgancertedniklof
the cabl e 120 connecting the sheave of the w nding nmachine 118 and the
count er wei ghper@Rionnuat2gindaappagatuseffioti dbhlustrabedgsabl e 120.

The operation of the speed control apparatus of the elevator according to
t he conventionalWaer Ghel wiodibg méeddmebdd 8niish opdrawaite theFoggee121
When an operating conmand for an elevator is externally inputted, the
speed conmegenRestedstonphet shepye: dirowghd the cable 119 carries out a

| vertical movement, and in accordance wiﬁh the rotation of the
winding machine 118, the pulse generator 117 generates the
pulse signal (pl), and the pulse amplifier 115 receives the
pulse signal (pl) to output ﬁhe puise signal (p2)
corresponding to the rotating speed of the winding machine 118
to the subtractor 112.

The error signal (e) between the pulse (pl) and the speed
command signal (u*) is obtained in the subtractor 112, and'ﬁhe
error signal (e) shows that an actual operating spéed of the
Winding machine 118 is different from a desired speed.

In accordance with the speed command signal (ﬁ*), the
speed controller 113 is proportional-controlled with a
proportional gain (Kp-s), and integral-controlled with an
integral gain (Ki-s) to outpuﬁ the current command signal (i¥*)
for moving the cage 121 in accordance with the spéed command
signal'(u*). The current command signal (i*) is current-
controlled in accordance with a gain (K) in the current
conﬁroller 114 to be converted into the voltage command signal
(v*) and applied to the inverter 116, and as a result, the
inverter 116 operates the winding machine 118.

The elevator system is a mechanical system including the



3 controller 113 through the subtractor 112 from an external operation
managi ng apparatus (not illustrated). When the wi nding nachine 118 is
operated, the cage 121 connected to the sheave through the cable 119
carries out a vertical novenment, and pn accordance with the rotation of
the w nding machine 118, the pul se generator 117 generates the pulse
signal (pl), and the pulse anplifier 115 receives the pulse signal (pl)
to output the pulse signal (p2) corresponding to the rotating speed
of the wi nding machine 118 to the subtractor 112. The error signal

(e) betweermidwepuloFe tid) windinke @REREInecaMHNdthegnsgd UiR1i Sagddt &heed
in the subtractor 112, and the error signal (e) shows that an actual

operating s¢mmmté&wéhghtwimmjnﬂhéﬂsbfﬂﬁgé1ﬁep3edehﬁedeb? knoand wesi aed
speed. I n accordance with the speed conmand signal (u*), the speed
control | er 4i& Hampingokiedfilcienty atdmreséiited bpr CRoEndNCE, gahd Eke- S) .
and integral-controlled with an integral gain (Ki-s) to output the current
command si gemétém*§hat has an inherent resonant frequency.
Figure 2 is a view showing an output amplitude of the
system which is a speed of the cage 121 with respect to a
variation of an input frequency of the speed command signal
(u*) when the speed command signal (u?) is the input and the
speed of the cage 121 is the output. |
The frequency (wscl) is a cut-off frequehcy of the speed
controller 113, which is a factor for determining the response
characteristic of the system with respect to the speed command
signal (u*). The higher the frequency (wscl), the faster the
response characteristic. Here, .frequencies (wl,w2) are
mechanical resonant frequencies of the system.
When the output is greater than OdB like in a waveform 21
indicated by a solid line, a response having a large resonant:
frequency quality is éhown, resulting in generating a
vibration having a resonant frequency quality and;c&nsequently
increasing a vibration of the cage due to a ripple in an
output torque from the motor of the winding machine and
lowéring the ride of the elevator.
If the proportional gain (Kp-s) and the integral gain

(Ki-s) of the speed controller 113 are adjusted, like in a

waveform 22 indicated by a dotted line in Fig. 2, the cut-off



“for nmoving the cage 121 in accordance with the speed conmmand signal (u*).
The current conmmand signal (i*) is current- controlled in accordance with
ra gain (K) in the current controller 114 to be converted into the voltage
command signal (v*) and applied to thg inverter 116, and as a result, the
I nverter 116 operates the w nding machine 118. The el evator systemis ,
a nechani cal systemincluding the 4
masses of the wi nding machine 118, the cage 121 and the counterweight 122,
the springs represented by k1 and k2, and the danping coefficients
repr esent edf bggGénapd (€8¢ Bhdis hbowewed £ rand adcdmsd iang 1w heree e spesaen f
frequency. Figure 2 is a view showi ng an output anplitude of the
syst em whi chhes systpaediaf slbwedagiowi?,l théhentdpectouttput ampilatiide dfs an
i nput frequency of the speed command signal (u*) when the speed comuand
signal (u*)lowered,iapdtasyalrelsslt, the resonant frequencies (wl,w2) are
lowered below the OdB level. Therefore, the vibration is
controlled and the above-described problems can be solved.
However, in a high speed elevator system which has a high
frequency, the size of a mechanical resonant frequency (wl,w2)
is small, and is.near that of the cut-off frequency (wscl) of
the speed controller. Therefore, when the resonant frequencies
(wl,w2) are lowered by adjusting the proportional' gain (Kp-s)
and the integral gain (Ki-s), the cut-off frequency (wscl) is
also lowered, resulting in debasing the - response
characteristic of the system with respect to the speed command
(u*) .

Therefore, a disadvantageous limit exists in controlling

the vibration of the cage in the above-described method.
SUMMARY OF THE INVENTION

Accordingly, an object of the preserit invention is to
compensate for a vibration of a cage by outputting an
acceleration value of a cage while maintaining a speed
estimating characteristic of an elevator in the same way as in
the conventional art, in controlling a speed Qf an elevator.

To achieve the above object, in a speed control apparatus



speed of the cage 121 is the output. The frequency (wscl) is a cut
-off frequency of the speed controller 113, which is a factor for

determ ning the response characteristic of the systemw th respect to the
speed command signal (u*). The highergthe frequency (wscl), the faster the
response characteristic. Here, frequencCies (wl,w2) are nechanical resonant
frequenci es of the system When the output is greater than GdB |i ke
in a waveform 21 indicated by a solid line, a response having a |arge
resonant frequency quality is shown, resulting in generating a vibration

having a respnaite I RGN GY CHiR I3 wAREH QS opeeatled 1hNakeRska%c® with
vi bration of the cage due to a ripple in an output ‘torque from-the notor

of the windangestedd nepésd coomendngyt Bereydfgobuths spe¥at ebntrol wikh the
proportional gain (Kp-s) and the integral gain (Ki-s) of the speed

control | er d3¥oportaidiniseegropbkeibfal difFerontiZLibntEal peopyreidabtied

line in Fig. 2, the cut-off ' -5
integration, the improvement includes a vibration compensator
which, after obtaining an acceleration of a winding machine
and a compensation current from the acceleration, adds the
compensation current to an original current command or

subtracts the compensation current from the original current

command.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
_accompahying drawings which are given by way of illustration
6n1y, and thus are not limitative of the present invention,

. and wherein:

Figure 1 is a schematic diagram viéw showing thé
_constructhx1 of a speed control apparatus of én_elevator
according to the conventional arf;

Figure 2 is a graph showing the response amplitude of the
system in Fig. 1 with respect to a variation of an input
frequency;

Figure 3 is a schematic diagram showing the construction

of a speed control apparatus for compensating a vibration of



frequency (wsc 1) is lowered, and accordingly the response of the system
I's slowed down, the entire output anplitude is |owered, and as a result,
¢+ he resonant frequencies (W ,w2) are |owered below the QdB | evel .
Therefore, the vibration is controlleg and the above-descri bed probl ens

can be sol ved. However, in a high speed el evator system which has a
hi gh frequency, the size of a nechanical resonant frequency (W ,w2) is
small, and is near that of the cut-off frequency (wscl) of -the speed

controller. Therefore, when the resonant frequencies (wl,w2) are |owered
by adJUStinﬂntéﬁeﬁéeﬁﬁrhbaaﬂaiﬁglﬁo(KﬁeSFreaéﬂttﬁﬁvéﬁt@@h@' gain (Ki-s),
the cut-off frequency (wscl) is also ower ed, resul ting I n

debasing the Figapenseis Cascldntisd idiafrdne@hopdngmtbie kohetpeet ion t he

speed command (u*) Therefore, a disadvantageous limt exists in
control | i ngoftaevibbaafionncofmpthsacageinnFibe ahowaddescri bed net hod.
SUVWMARY OF THE | NVENTI ON Accordi ngly, an object of the present

invention is to Figure 5 is a graph-'showing the response of the system in

Fig. 3 with respect to a variation of an input frequency.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the accompanying drawings, the speed control
‘apparatus for compensating a vibration of an elevator
according to the present invention will now be described in
detail.

Figure 3 is é schematic diaéram showing the construction
of a speed control apparatus for compensating a vibrétion of
an elevator according to the present invention. As showp in
this drawing, the elevator includes a winding machine 118
having a motor and a sheave, a cage 121 and a counterweight
122 for performing a vertical movement according to a rotation
of the winding machine 118 through cables 119,120: The speed
cbntrol apparatus includes a pulse generator 117 for
outputting a pulse signal (pl) in accordance with a rotation

~of the winding machine 118, '‘a pulse amplifier 115 for
receiving the pulse signal (pl) to output a pulsé signal (p2)
corresponding to a rotating speed of the winding machine 118,

a first subtractor 112 for subtracting the pulse signal (p2)



conpensate for a vibration of a cage by outputting an acceleration val ue
of a cage while nmaintaining a speed estimating characteristic of an

el evator in the same way as in the conventional art, in controlling a
speed of an el evator. To achi evgy t he above object, in a speed control
appar at us of an elevator a cage of which is operated in
accordance with a desired speed command by carrying out a speed control
with a proportion, a proportional differentiation or a proportional '

I ntegration, the inprovenent includes a vibration conpensator which, after

obt ai ni ng &wofCcehkepalisenanplafiernding feehi acspesd CoffaR@NSByhal Cu¥y ent
fromthe acceleration, adds the conpensation current to an ori gi nal

current coesmednallysdipaties] tte cadmpaeasd i0repred edrdyr asddriel o pj nel

current conmand.
speed controller 113 for receiving the speed error signal (e)
énd carrying out proportional and integral controls to output
a current command signal (i*), a vibration compensator 300 for
receiving the output pulse (p2) from the pulse'amplifier 115,
calculating an output torque (Te) from the winding machine 118
to calculate an acceleration of the cage 121 and to generate
a new current command signal (i*) from a compensation current
obtained from the acceleration and the original current
command signal (i*), a current controller 114 for converting
the new current command signal (i*) into a voltage command
signal (v*) and outputting it, and aﬁ _inverter 116 for
operating the winding machine 118 in accordance with the
voltage command signal (v*).

The vibration compensator 300 includes a tofque
calculator 311 for multiplying the current_command signal (i¥*)
by a gain (Kt) to calculate a torque value (Te) of the winding
machine 118, an acceleration estimating unit 312 fof receiving
the torque value (Te) and the output pulse signal (p2) from
the pulse amplifier 115 to calculate an acceleration value
(Acar) of the cage 121, a cbmpensation current generator 313
for multiplying the acceleration value (Acar) by a
compensating gain value (K¢) to generate a compensétion

current (i.), and a second subtractor 314 for subtracting the



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will becone
nmore fully understood fromthe detailed description given hereinbel ow and
t he acconpanyi ng draw ngs which are given by way of illustration only,
and thus are not limtative of the pregent invention, and wherein:
Figure 1 is a schematic diagram vi ew show ng the construction of a speed
control apparatus of an elevator according to the conventional art;
Figure 2 is a graph showi ng the response anplitude of the systemin Fig. 1
with respect to a variation of an input frequency; Figure 3 is a
schemati ¢ dioagperssshion nguirrenconsignal | i) ofromspehe cuverit appmnahds
for conpensating a vibration of
signal (i*) to obtain the new current command signal (i*) and
output it to the current controller 114.
The operation of the present invention will now be-
described in detail with reference to Figures 4 through 6.
When an operating command of an elevator is inputted, a
speed command signal (u*) is inputted to the subtractor 112
from an external operating managément apparatus (not
illustrated), and the pulse signal (p2) outpﬁtted from the
pulse amplifier 115 is also inputted to the subtractor 112.
Accordingly, an error signal (é) representing the
difference between the pulse signal (p2) and the speed command
signal (u*) is obtained in the subtractor 112, and the speed
controller 113 then performs a proportional control with a
proportional gain (Kp-s) and an integral control with an
integral gain (Ki-s) in accordance with the error signal (e)
to output the current command signal (i*) to the current
controller 114.
Here, the torque calculator 311 in the vibration
compensator 300'multip1ies the current coﬁmand signal (i*) by
a torque constant (Kt) to calculate a torque value(Te},
wherein the torque value (Te) represents an output torque from
the motor. The acceleration estimating unit 312 receives the

torque wvalue (Te) and the puise signal (p2) £from the pulse

amplifier 115 to estimate an acceleration value (Acar),



“an el evator according to the present invention; Figure 4 is a
schemati ¢ di agram showi ng the construction of a vibration conpensator in

- Fig. 3; and Figure 5 is a graph showi ng the response of the systemin
Fig. 3 with respect to a variation of4gn input frequency. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to the
acconpanyi ng drawi ngs, the speed control apparatus for conpensating a
vibration of an elevator according to the present invention will now be
described in detail. Figure 3 is a schematic di agram show ng the
construct i wherafim sheegudset rsilgreglpalp? s reprecantanstie ngpeedi lofatthe of
an el evator according to the present invention. As shown in this draw ng,

t he el evat @heave wieshe windlimy mesthiime 11138 . having a notor and a sheave, a
cage 121 and a. counterweight 122 for performng a vertical novenent
according to a rRiiguieort iof a Iwiew rsliowinmaEn ninres ¢¢nsﬁngtct3dnhesf1ﬁﬁe120
- The speed control apparatus includes a pulse generator 117 for outputting
a pul se si GHATAHION | FoBRLRIAERE 3QPt Ana Fig at 3 onand Wcar represents a

speed value of the cage..

That is, the acceleration estimating unit 312 recéives
the speed of the winding machine 118 an;i. the output torque
value (Te) from the motor to calculate the speed value (Wcaf)
.in accordance with the following equation using each parameter
of the system in each block bll, bl2, b21, b22, al2, a22, cl,
wherein J represents an inertia moment of the sheave of the
winding machine 118, (r) a radius of the sheave, (m) a mass of
the cage 121, (k) a spring constant between the sheave and the

cage 121, and (L1 and L2) gains.

b, = Xz, + K.z, b,=r-L + r—';‘r.zz
L, L,
by, = T by, = 7
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of the w nding machine 118, a pulse anplifier 115 for receiving the pulse
signal (pl) to output a pulse signal (p2) corresponding to a rotating
speed of the wi nding nachine 118, a first subtractor 112 for subtracting
t he pul se signal (p2) 8 fromthe
pul se anplifier 115 from a speed conmihd signal (u*) externally inputted
to calculate a speed error signal (e), a speed controller 113 for.
receiving the speed error signal (e) and carrying out proportional and
integral controls to output a current command signal (i*), a vibration

anpl i fior 115, TB8) SAERLAL AN SaesLv ARl PF oo e AR S i ne
TS on? CALEULTLELROACHE) BRAARD,TT 1hNEREARECLR! @A] Lo generale a new
current conmand Signa | froma’conpensation current obtained fromthe

accel eration and the original.current command signal (i*), a-current
controller 114 for converting :

d, =8

The compensation current generator 313 mﬁltiplies the
acceleration value (Acar) by the gompensating gain (Kc) to
calculate the compensation current value (i.), and the
calculated compensation current value (i.) is subtracted from
the current command signal (i*) outputted from the speed
controller 113 in the second subtractor 314. Thereby, a new
current commapd .signal (i*) is inputted to the current
controller 114. The current controller 114 applies the
current-controlled voltage dommand signal (v*) to the inverter
116 to compensate the vibration of the cage 121 and move it to
a desired position.

Figure 5 is a graph showing the system response with
respect to a variation of an input freqﬁency in Fig. 3. The
waveform.so indicated by a solid line shown in this drawing is
.a frequency response waveform according to the present
invention, and the waveform 21 is identical to the frequency
response waveform according to the conventional art shown in
Fig. 2.

As shown in this drawing, in comparison with the

conventional art, the cut-off frequency (wscl) of the speed



"the new current command signal (i*) into a voltage command signal (v*)
and outputting it, and an inverter 116 for operating the w nding machi ne
- 118 in accordance with the voltage command signal (v*). The

vi bration conpensator 300 includes a rque calculator 311 for nultiplying
the current command signal (i*) by a.%ain_(Kt) to cal culate a torque val ue
(Te) of the winding machine 118, an acceleration estimating unit 312 for
receiving the torque value (Te) and the output pulse signal (p2) from the
pul se anplifier 115 to cal culate an accel eration value - (Acar) of the cage

121, a CO"BSﬂEﬁBlQErCWT?”Esgﬁaéréhahg%§3aﬁ&"th@“&hbeh&hﬂgfﬂ%ghencles
acceleratlon val ue (Acar) by a Conpensating gain value

generate a(g2rRepsakeOBelow baB! Whieh'lihdidades %mmihw%mﬁorﬁ%for
subtracting the conpensation current signal (i[err]) fromthe
current cogHBNEage is eliminated.

Accordingly, by obtaining a compensation with respect to
the vibration of the cage in the vibration compensator in the
form of a compensation current value and adding the
compensation current value to the original current command
signal or subtracting the former from the latter, the cut-off
frequency is maintained and the frequency response is lowered
below OdB at the resonant frequency of the system.

Therefore, when the elevator is operated, the vibration
of the cage is eliminated, and the ride of passengers in the
cage is enhanced.

Althoﬁgh the preferred embodiments of the present
invention have been disclosed for illustrative purposés, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of .the invention as recited in the

accompanying claims.



signal (i*) to obtain the new current command signal (i*) and output it to
the current controller 114. The operation of the pres&HShesiHasReemReplaced
w || -rewbe—described in detail with reference to Figures £ N ﬂ

T T RIS CE UL

oper ati*ng¢ nanagene apparatus (not illustrated), and the pul se signal
(p2) -outputted fromthe pulse anplifier 115 j.s.also inputted t he
subtractor 112. Accordingly, an error si@¢iHIS GHEET &ABeBEEN j ng t he

di fferenceyhgiWgen HhG nidd S&.Si gnal (p2) and {he. sprepAcepM™aNd | signal (u*)

is obtained In the subtractor 112, and the spéeg—controtter—tt3 then
perfornms a proportional control with a proportional gain (Kp-s) and an
integral control with an integral gain (Ki-s) in accordance with the error
signal (e) to autpw at Bpeedr E8ALr6QNEPPEratdBabe(4h)el&vabErCHl E85¢ of
controller 114. Here, the torque calculator 311 in the vibration
conpensat okwhi¢h il bberiheed b¢ perfophniagnepeddsagiatutént WonerdDds ot
constant (Kt) to calculate a torque value(Te), wherein the torque val ue
(Te) represprirata aowipdingomgehiheoat a desired speed, the improvement

comprising a vibration compensator which obtains an
acceleration value of the winding machine and thén a
compensation current value from the accelgration value, and
adds the compensation current value to an originél current
command'valﬁe-or subtracts the compensation current value from

the original current command value.

2. The apparatus of claim 1, wherein the vibration |
compensator comprises: |

a torque calculator for multiplying the current command
value by a predetermined torque constant to obtain a torque
value;

an acceleration eétimating unit for receiving the torque
value obtained in the torque calculator and a speed‘of a motor
to obtain an acceleration value of the winding machine;

a compensatidn current generator for multiplying the
acceleration value of the winding machine by a compensating
gain to generate the compensation current value; and

a subtractor for subtracting the combensatién current

. value from the current command value.



the notor. The acceleration estimating unit 312 receives the torque val ue
(Te) and the pulse signal (p2) fromthe pulse anplifier 115 to estimte an
- accel eration value (Acar), 10 wher ei n
the pul se signal (p2) represents the speed of the sheave of the w nding
machi ne 118. Figure 4 is a view show ng an inner construction of the
vi bration conpensator 300 in Fig. 3,14d War represents a speed val ue of
t he cage.. That is, the acceleration estimating unit 312 receives the
speed of the wi nding machine 118 eqout put torque value (Te) fromthe
notor to cal culate the speed val uet( r;- in accordance with the foll ow ng

equati on usi ng each paraneter i h bl ock bl1, bl2, b21,
b22, al2, a22, cl, wherein fSF@gyggﬂﬂﬁgﬂgzgﬁngﬂgﬁg nonent of the sheave of
the w nding machine 118, (r) a radius of the sheave, (m a mass of
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the cage 121, (k) a spring constant between the sheave and the cage 121,
and (L1 and L2) gains. [err] . The cal cul at ed speed val ue
{War) is converted into an acceleration value (Acar) in the block (dl).
The conpensation current generator 313 nultiplies the acceleration value
(Acar) by the conpensating gain (Kc) t4f3 calculate the conpensation
current value (if[err]), and the cyl at ed conpensation current val ue
(i[err]) is subtracted from the cuf?ﬁ&é,%knnand signal (i*) outputted from
the speed controller 113 in the second subtractor 314. Thereby, a new
current command signal (i*) is inputted to the current
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«controller 114. The current controller 114 applies the current-controlled

vol tage command signal (v*) to the inverter 116 to conpensate the

i bration of the cage 121 and nove it to a desired position. Fi gure

5 is a graph showing the systemresponse with respect to a variation of an
input frequency in Fig. 3. The waveform50 indicated by a solid |line shown
in this drawing is a frequency response waveform according to the present

i nvention, and the waveform 21 is identical to the frequency response

wavef orm according to the conventionad/3art shown in Fig. 2. As shown
in this drawing, . in conparison wth the conventional art, the cut-off
frequency (wscl) of the speed 12

controller 113 is not changed and the resonant frequencies (wl,w2) are
bel ow CdB, which indicates that the vibration of the cage is elim nated.

FIG.5
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~Accordi ngly, by obtaining a conpensation with respect to the vibration of
the cage in the vibration conpensator in the formof a conpensation

=current value and adding the conpensation current value to the original
current command signal or subtracting the fornmer fromthe latter, the
cut-off frequency is maintained and the frequency response is | owered
bel ow OdB at the resonant frequency of the system Theref ore, when
the el evator is operated, the vibration of the cage is elimnated, and the
ride of passengers in the cage i s enhBSERAGT Al t hough the preferred
enbodi nents of the present invention have been disclosed for illustrative
pur poses, those skilled in the art will appreciate that various
modi fi cati ons, SPEEDICONIRGL ARPARATUIS {HFORUCOMPENSATINGDVEERAINIGN OFi ELEVATORIeparti ng
fromthe scope and spirit of the invention as recited in the acconpanying
cl ai ns. 13

A speed control apparatus for operating a cage of an

elevator at a speed suitable fbr a required operation
condition is capable of reducing a mechanical wvibration
generated from the cage by obtaining a torque of the winding
machine from_ a speed-controlled ;current command and an
acceleration of the winding machine from the torque and the
present acceleration of the winding machine to compensate for
and output the value of the current command when a high speed
elevator having a low mechanical resonant frequency is

operated.

(Figure 3)
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What is claimed is: . 1. In a speed _control aﬁiar at Usyprfz 75" 7% 3
S

el evat or system. T 0y y pe‘rforml l ﬂﬂ Eﬂ ent controls
to operate a W ndi Ig Aﬁhﬁﬁr - esired sp Ilj *" a
v

t orque cal cul at or f(v)r”r“rui”ti'pl in currept command val ue by a
predet ermi ned torjqgye 2dnARRBA60% oot ai n 3t or que val ue; an
accel eration estijngting unit for |recei vi igugstituté shaet- 27 April@000 ned in the

torque cal culatorf and a rotating speed of the wi nding machine to obtain an
accel eration val Ue—of-the cage: a conpensation current generator
for multi i the accel eration value of the cage by a conpensating gain
to generawﬁpgo%m (g'ﬁ'on current value; and a subtractor for
subtracting the conpensation current value fromthe current command val ue
to obtain a new current command signal. 2. The appar at us of
claim1, further tonprinsiangpeed conirol apparatus @fnan aglevatosrsystemumtichy ia
first pulse signal in acc.ordanceta vm'cih a rotattqiq%r; of thF Wi nd(ii.na ma(‘ﬂli n%t
and opergteg by, pefaning; sheed Ang eyrzent; controfi.to operate, winding yrachipg
out put a %Eégﬁeé’gbéﬁd,sécﬂﬁﬁt'isiﬁ rresponding to the rotating speed of the
wi ndi ng machine to the acceleration estimating unit. : 3. In a
speed control appartorgse otalenlatdre fart anultiplyingmah aotirrent acommind) valadi by, aa

cage and count erwei ght, wherei he cage and the counterweighter are
vertical l yprﬁaﬁtﬁlnwg‘;]MSB%GPW&”;t‘%Bth?:? Qraye ValW@ecti ng cables to the

wi ndi ng machi ne i ém#rp : SSNIRG 1t B6r lise
generator for ouf%tatelg%%ra |%sst?ﬂ%tlﬂll?%§'hgﬁgﬁ§ I'n géﬁ%mgev%u?ﬁbéﬁpggétﬁion
of the w rnienraie [Walctilator and a rotating speediofitheewinding neachine g dbtainf anst
pukl_“ée signal to qutput a second pul se signal corresponding to a rotating

speed of tageelgration yakie-of the cage;

a compensation current generator for multiplying the acceleration value of

the cage by a compensating gain to generate a compensation current value; and
a subtractor for subtracting the compensation current value from the

current command value to obtain a new current command signal.

2. The apparatus of claim 1, further comprising:
a pulse generator for outputting a first pulse signal in accordance with a
rotation of the winding machine; and |
a pulse amplifier for receiving the first pulse'signal to output a second
S pulse signal corresponding to the rotating speed of the winding machine to the
acceleration estimating unit.

3. In a speed control apparatus of an elevator system having a
winding machine, a cage and counterweight, wherein the cage and the
counterweighter are vertically moved and respectively connected by connecting
cables to the winding machine having a motor and a sheave, comprising:

a pulse generator for outputting a first pulse signal in accordance with a
rotation of the winding machine;

a pulse amplifier for receiving' the first pulse signal to output a second
pulse signal corresponding to a rotating speed of the winding machine;



a first subtractor for subtracting the second pul se signal from an

external |y inputted speed comrand—signal to calculate a speed error;

a speed controll the speed error and for outputting a
current commuand ‘iﬁ‘g‘l‘ll‘“ﬂ‘m‘mﬂa torqug cal culator for multiplying the
current command ma pretleterm ned torque constant to obtain a
torque val ue; . an accel erati on eSubstitutersheet-27f Aprilr2600 vi ng t he
t orque val ue and the second pul se signal to obtain an accel eration val ue
t-he cage; a conpensation current generator for nultiplying the
accel eration value of the cage by a conpensating gain to generate a
conpensati on current val ue; a second subtractor for subtracting

the conpensation aeﬂfstenbtru@tbmrfsfm&ﬂﬁg%éé&n@ PUISB 35Grfd] Hofh ah x@rnally
new current command signal; current control l'er for converting

t he new cunpuélied amﬂnamyﬁsngnatw @Iwat&a@epewm signal ; and

an inverter for operati,ng th machi,ne in cordance with,t
vol tage cormand 54) oe go troller’ %r re%elvmg the spee‘ﬁé‘lC error and for outpln'ﬁng a

current command signal;

a torque calculator for multiplying the current command signal by a
predetermined torque constant to obtain a torque value;

an acceleration estimating unit for receiving the torque value and the
second pulse signal to obtain an acceleration value of the cage;

a compensation current generator for multiplying the acceleration value of
the cage by a compensating gain to generate a compensation current value;

a second subtractor for subtracting the compensation current value from
the current command signal to obtain a new current command signal;

a current controller for converting the new current command signal into a
voltage command signal; and .

an inverter for operating the winding méchine in accordance with the
voltage command signal.
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