2266976 APPARATUS FOR AND METHOD OF CONTRCLLI NG SPEED OF ELEVATOR

BACKGROUND OF THE | NVENTI ON 5

Field of the Invention The prese

invention relates to a speed control for an elevator, ‘and nore
particularly to an apparatus for and a nethod of controlling a speed of a

gearl ess type elevator. 10

of elevators of a gearmm a rotation force of a notor is
directly transmtted t hout using no reduction gearing, to
nove a cage, a vibration may occur at the cage, due to natural vibration

of 15

a rope and a thinble rod spring. Such a vibration beconmes nor

severe: by a resonance occurring at a speed control unit, so that the
passenger's feeling is hurt. For restraining such a vibration occurring

t he cage,

a notch filter has been conventionally used for reducing a 20
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the rope and thinble rod spring. Referring to FIG 1,

a conventi onal speed control systemfor an elevator. As shown in FIG 1,
t he speed control sten1co rises a notor driving circuit 21 for 25

outputting an a&a&

fBHEeﬁﬂyéNIFﬁﬂ a notor 22, based on a

current command S|gnal for controlllng a rotation speed
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Field of the Invention.
The present invention relates td_a speed control for an
elevator, and more: particularly to an apparatus for and a

method of controlling a speed of a gearless type elevator.

Description of the Prior Art

In cases of elevators of a gearless type wherein a
rotation force of a motor is directly transmitted to a sheave,
without ‘using no reductien gearing, to move a cage, a
vibration may occur at the cage, due to natural vibrations of
a rope and a thimble rod spring.” Such a vibration becomes
mo}e severe by a.resonance-ocqurring at a speed control unit,
so that the passenger’s feeling is hurt.

For restraining such a vibration occurring at the cage,
a notch filter hae been conventionally used for reducing a
gain of a speed control system, based on ngtura] vibration
frequencies of the rope and thimble rod spring.

Referring to FIG. 1, there is illustrated a conventional
speed control system fo?.an elevator. As shown in FIG. 1, the
speed control system comprises a motor driving circuit 21 for

outputtihg an electric power for energizing a motor 22, based

Description of the Prior Art In cases

there is illustrated

C



_of the motor 22 and a sheave 23 operatively connected to rotate by a
rotation force of-the notor 22, for winding a rope connected with a cage 60
the?épn and unwinding it therefrom -5 . The speed control system al so
conprises a speed detecting circuit 30 for detecting a rotation speed of
the sheave 23 and a speed control circuit 10 for outputting a current
command signal |I* at the notor driving circuit 21, so as to nmake the
rotation speed of the sheave 23 c¢orrespond to a speed command 10 si gnal
W* generated froma main control papel (not shown), based on a difference
between the speed conmmand signal W* and a speed detecting signal W' from
the speed detector 30. As shown in FIG 2, the speed control circuit 10
conprises a subtractor 11 for subtracting the speed detecting 15 si gnal

W' outputted fr
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not shown), a
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signal from~'t hé Subtractor not-ch ter or renoving a

particular 2Qqeaed rb%ﬂ‘éePSXZ‘a‘EQHHO'PS%ef bPILRE Metort25] FoH wihdihg a rope
proportional integrator. 12 ‘and outputting the output signal free of the

particul ar frepdled WA aicage 66 tHEFeoh aaamandiadgngl it! théter ram.
the reference nuneral denotes a thinble rod spring and the reference

nuner als 20 defy espaddi @ohtirell Wpétem2also odmphises| adepeeide detesting
driving circuit 21, the notor 22 and
circuit 30 for detecting a rotation speed of the sheave 23 and
a speed control circuit 10 for_outputting a current eommand
signal Ix at the motor driving circuit 21, so as to make the
rotation speed of the sheave 23 correspond to a speed command
10 signal Wrx generated from a main contro]_pane] (not shown),
based on a difference between the speed command signal Wr* and
a speed detecting signal Wr’ from the speed detector 30.
As shown in FIG. 2, the speed control circuit 10
comprises a subtractor 11_for_sabtracting the speed detecting
15 signal Wr’ outputted from the speed detector 30 from the motor.
epeed cémmand'signaj Wrx outputted from a'speed contro1iing
computer (not shewn), a. proportional integrator 12 for
proportionally integrating an output signal from the
‘subtractor 11, and a notch filter 13 for removing a particular
20 frequency component from an output signal of.the proportional
integrator 12 and outputting the output signal free of the
particular frequency component as the current command signal.
In FIG. 1, the re?éfence numerel denotes a thimble rod

spring and the reference numeral 20 denotes an inertial system

25,  which includes the motor driving circuit 21, the motor 22 and



the sheave 23, all being expressed by dynam cs. Operation of +the speed
control circuit of the conventional elevator will now be described. \Wen
the speed control conputer generates a speed command 5 signal W= fo¥
driving the cage 60 at a predeterm ned speed, the speed control circuit 10
outputs a current command signal |1* for controlling the speed of the notor
22, based on the speed command signal W*. According to the current
command signal |*, the notor driving circuit 21 outputs an electric 10
power for energizing the notor 22, sq ghat the notor 22 is driven, based on
t he speed command signal W*. The rotation force of the notor 22 is
transmtted to the sheave 23, thereby causing the sheave 23 to rotate. The
rotation of sheave 23 causes the rope 40 to nove for noving the cage 60
vertically. 15 When the cage 60 noves vertically by the rotation
of sheave 2RAe sheaveal2n aktweing éxpreagedcbyddenamiostural vibrations
of the rope 40 and the thinble rod spring 50. This vibration brings the
rotation speed Opersattimn shefive the t ospaey. Abntrol circutbi s of nethehe
speed detector 30 detects the rotation speed of sheave 23 and generates a
cor r espondfagvepsionadt ectevatast grial 1 iiow whecdescsribedt urn, applied to the
subtractor 11 of the speed control circuit 10. The speed control circuit
10 subtracts thWheBcEN9cEPepaePrnieteliGompter genarpatss & speedncomsangeed

congnd Sig?SkaY"ﬁrir‘?o?e%?»ri"’\‘}i%sg a1:he cage 60 at a predetermined speed,
the speed control circuit 10 outputs a current command signal
Ix for controlling the speed of the motor 22, based on the
speed command signal Wrx., According to the current command
signal Ix, the motor driving circuit 21 outputs an electric

10 power for energizing the motor 22, so that the motor 22 is
driven, based on the speed command signal Wr*. The rotation
force of the motor 22 is transmitted to the sheave 23, thereby
causing the sheave 23 to rotate. The rotation of sheave 23
causes the rope 40 to move for moving the cage 60 vertically.

15 When the cage 60 moves vertically by the rotation of
sheave 23, a vibration occurs at the cage 60 due to natufa1
vibrations of the rope 40 and the thimble rod spring 50. This
vibration brings the rotation speed Wr of the sheave 20 to
vary.

20 At this time, the speed detector 30 detects the rotation
speed of sheave 23 and generates a corresponding speed
detecting signal Wr' which 1is, in turn, applied to the
subtractor 11 of the ;beed control cirduit 10. The speed
control circuit 10 subtracts the received speed detecting

25 signal Wr' from the speed command signal Wrx and generates a



signal indicative of a difference between the speed conmand signal W* and
t he gpeed detection signal W'. The difference signal is proportionally
integfated in the proportional |ntegrator 12 which, in turn, outputs the
resultant signal at 5 the notch filter 13. Since the output
signal of the proportional“integrator 12 carries :@a variation in speed
generated due to the vibration, the notch filter 13 renoves a particul ar
frequency conponent fromthe output signal and then sends the resultant
signal to the notor driving circuit 2t $f- 10 the inertial system 20,
as a torque-controlling current command signal |*. Accordingly, when the
sheave 23 varies in rotation speed, due to the vibration of the cage 60
caused by the natural vibrations of the rope 40 and thinble rod spring 50,
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vibration at the cage 60 can be expressed by t | owm ng appr oxi mat e
equatiog: 25 the notch filter 13. Since the output signal of the
proportional integrator 12 carries a variation in speed
“ generated due to the vibration, the notch filter 13 removes a -
particular frequency component from the output signal and then
sends the resultant signal to the motor driving circuit 21 of
10 the 1inertial system 20, as a torque-controlling current

command signal Ix.

Accordingiy, when the sheaye 23 varies in rotation speed,
due to the vibration of the cage 60 caused by the natural
vibrations of the rope 40 ;na thimble rod spring 50, this

15 variaticn in rotation speed is detected by the speed detector
30. Also, the speed cohtr61 circuit 10 decreases a gain of
~the particular frequency through the notch filter 13 so that
a current command signal I* with speed deviation corrected is
sent to the motor driving circuit 21, so as to control the

20 rotation force of the motor.zz. Thus, the'vibratjon occurring
at the cége 60 is restrained.

.Tﬁe natural vibration frequency fo of the rope 40 and
thimble rod spring 50 ﬁésuT;jng in a vibrapion at the cage 60
can be expressed by the following approximate equation:

25



1 Kfo [err] 5 wherein, Krepresents an elastic coefficient and m
represents a nmass of the cage 60. The elastic coefficient K based on the,
vibration of the cage 60 can be expressed using an elastic coefficient ~°

[err] O 10 the rope 40 and an elastic coefficient KT of the thinble
rod spring 50 as follows: [err] 15 [err] Also, the elastic coefficient KR
of the rope 40 is 20 approxi mately proportional to the product of a

cross-sectional angel A of the rope 40 and Young's nodulus E and
approximately inversely proportional t0 the length 7 of the rope 40.
Accordingly, it can be expressed as follows: 25 [err] 30 When t he
equation (1-2) is substituted for the equation (1-1), following a
substitution of the equation (1-3) therefor, the natural vibration
frequency fo can be expressed

1 K
fo = ewmmomr s s e e s s e s s o s 8 s 4 s e e s e mew e e e e (1_1)
4 d m
5
wherein, K represents an elastic coefficient and m
represents a mass of the cage 60.
The elastic coefficient K based on the vibration of the
cage 60 can be expressed using an elastic coefficient Kﬂ of
10 the rope 40 and an elastic coefficient K; of the thimble rod
spring 50 as follows:
Kg- Ky
15 K B = ¢ &+ s s 5 8 e e 8 s 5 e 6 s s s s s e s e e e o s e s e s s s e (1-2)
K+ K
Also, the elastic coefficient Kp of the rope 40 is
20 approximately proportional to the_product of a cross—-sectional
angel A of the rope 40 and Young’s modulus E and approximately
inversely proportional to the 1length 7 of the rope 40.
Accordingly, it can be expressed as follows:
25 A-E c
. KR - T emmmmmmm " % e % s & s s b % s s e s e e = w2 e s e e s s s (1—3)
7 7
30 when the equation (1-2) is substituted for the equation

(1-1), following a substitution of the equation (1-3)

therefor, the natural vibration frequency fo can be expressed

oo’



by the followi'ng equation: 5 [err] As apparent from the
equati.on (1-4), the natural vibration frequency fo of the rope 40 and
cage 60 based on the 10 dynam cs i nvolves the mass m of the cage 60 and
the length as its paranmeters. Also, a transfer function of the notch filter
13 which has received an output T* of the proportienal integrator 12
carrying a variation in speed caused by the natural vibration 15

frequency fo expressed by the equation (1-4) can be expressed as foll ows:
[err] 25 wherein, Q W/ W6(-W a bandwi dth of a renoval
frequency) and Wb = [err]. The notch filter 13 resonates the natural

vi bration frequency by a resonant frequency based on a fixed angul ar
velocity W so that the natural vibration frequency is renoved 30

according to % conbi eq characteristic of two frequencies. As a result,
the output T*DP¥f ¥R TRIJAMNDRAUEYICNYr at or 12 received in the notch
filter 13 becones free of a particular frequency and is then applied to the
inertial system 20, as a new torque-controlling current command signal. 5

Accordingly, the inertial systqn120 congfls the rotation force of the
notor 22, based on Eha thput frog1the notfch ... ... ... _
fo = (1-4)
5 2n m C + K- 1

As apparenf ‘from the equation (1-4), the natural
N vibration frequency fo of the rope 40 and cage 60 based oh the
10 dynamics involves the mass m of the cage 60 and the length 7
as its parameters.
Also, a transfer function of the notch filter 13 which
has received an output Tx of the proportionﬁ] integrator 12
carrying a variation in speed caused by the natural vibration
15 frequency fo expressed by the gquation (1-4) can be expressed

as follows:

o, - . st + w :
~ GN(S) = et i et ettt (1-5)
20 - : wo ' \
Sz+ - S + Wo*
" Q
25 wherein, Q = Wo/ W ( W: a bandwidth of a removal

frequency) and Wo = 2nfo.
The notch filter 13 resonates the natural vibration
- frequency by a resonaﬁﬁ,frequency based on a fixed angular
velocity Wo so that the natural vibration frequency is removed

30 according to a combined characteristic of two freguencies. As



filter 13, so that it decreases a variation in speed of the sheave 23,
thereby restraining the vibration of the cage 60 caused by the system
resonance. 10 However, the natural vibration frequency fo™
varies, depending on a variation in cage mass which is caused by variations
i n. cage | oad and rope stroke length. That is, the natural vibration
frequency becones different in all the cases of idle top stairs, idle
bottomstairs, full load top stairs 15 and full load top stairs.
Conventionally, such a variation iR Ahatura vibration frequency caused by
the variation in |oad of the cage nmakes it inpossible to effectively
restrain the vibration, since Qand W of the transfer function are fixed
as constants. As a 20 result, the operator should nmeasure directly

the natural vibration frequency fo to change the constants. However, such a
mani pul ati & T8sYbty theumwsihe T250f the 8NeRRRY iepatE nhegmaten 12
Therefore, the present inventionépaﬁpbeen made in view

r'e

above- ment i"&%&d Vﬁ_rdoﬂlrbr@%m en 1$ePpremes a feedﬁ%f E:)erarg;i]cgbfgct
o e Y e, PP 3 ke BT SES £k JPERTaTC 8RR aporbeoa 1
function C%gatiqu%LJ%ékgéa]1ing current command signal.

5 Accordingly, the inertial system 20 controls the rotation
force of the moﬁor 22, based on the output from the notch
filter 13, ‘so that it decreases a variation in speed of the ‘-
sheave 23, thereby restraining the vibration of the cage 60
caused by the system resonance.

10 However, the natural vibration frequency fo varies,
depending on a variation in cage mass which is caused by
variations in cage load and rope stroke length. That is, the
natural vibration frequency becomes different in all the cases
of idle top stairs, idle bottom stairs, full load top stairs

15 and full Jload top stairs.

Conventioné1iy, such a vafiatién in'néturé. vibration
frequency caused by the variation in load of the cage makes it
impossible to effectively restrain the vibration, since Q and
Wo of the transfer function are fixed as constants. As a

20 result, the operator should measure directly the natural

vibration frequency fo to change the constants. However, such

a manipulation is very troublesome.

25



filter, correspondingly to both the cage nass and the rope | ength and thus
effectively restraining a vibratian of the 10 el evator. In accordance
wi t h™ne aspect, the present invention provides an apparatus for
controlling a speed of an el evator conprising:.-a subtractor for subtracting
a speed detecting signal froma speed comrand signal; a proportional

I nt egrat.or 15 for proportionally integrating an output signal from
said subtractor; a notch filter for ren8véing a particul ar frequency
conponent from an output signal from said proportional integrator
and. outputting said signal free of said particular frequency conponent as a
torque-controlling current conmand 20 signal; and vibration control
.means for varying a constant of a transfer function of said notch filter,
based on a position of a cage equipped in the elevator and a | oad of sald
cage. The vibrati ogUMSMARYOIORTSMES INVENTIGN oconputer which is adapted to
recei ve a speed detecting signal indicative of a 25 sheave equipped in
the elevator, a |oad detecting signal i ndi cative of said | oad of the
cage and an output signal fromthe proport-onal integrator, vary said
constant, based onTbareforesi thd pirgsent, i avention hae been @adeonst wiewt of

t he notch filter. 5 I n accordance with another aspect, the present
i nvention al stherabevesmantioned DrobbﬁmﬁoﬁnFﬁgnﬁeSﬁéednothaﬁpéF@Vaﬁbﬁ and
5 an object of the 1nventton is to provide an apparatus for and

a method of'contro111ng a speed of an elevator, capable of
~ ' automatically varying a transfer function constant of a notch
filter, correspondingly to both the cage mass and the rope
length and thus effectively restraining a vibraiion of the

10 elevator. |
In accordance with one aspect, the present invention
provides an apparatus for'conthITing a speed. of an elevataor
comprising: a subtractor for subtracting a speed detecting
signal from a speed command signal; a proportional integrator
18 for proportionally integrating an output signal from said
subtractor; a notch filter for removing a.parttcu]ar frequency
component * from an output signal from said proportional
integrator and outputting said signal free of said particular
frequency component as a torque-controlling current command
200  signal; and vibration control means for varying a constant of
a transfer function of said notch filter, based on a position
-of a cage equipped in the elevator and a load of said cage.
The vibration controlf means is a microcomputer which is
adapted to receive a speed detecting signal indtcatt?e of a

. 25 sheave equipped in the elevator, a load detecting signal



conprising the steps of: a) determ ning whether a current operation.is a
test operation for neasuring respective natural vjbration frequencies
correspondi ng to cage positions or a 10 normal operation; b) if sai®”
current operation is said test operation, storing, in a table, a renoval
frequency of natural vibration frequencies of a rope and thinble rod spring
at each position of a cage equipped in the elevator while controlling a
speed of a driving notor equipped in_sagd elevator w thout 15 using a
notch filter; c) if the current operation is said normal operation, varying
a constant of a transfer function of said notch filter, based on a current
position of a cage equi pped in the elevator and a current |oad of said
cage; said step (b) conprising: detecting cage positions at predeterm ned

20 i nt | St 1R | 10 &y | Qvi t] f nei hr afast
Fouri er | tnr gkj\sé?'c?'r%rﬁ# or rog,t 15| gnd;Iq %%fﬁwnﬁ%fa%op%ﬁ]?gnsaépﬁ?u}tnfsgéglggi ﬁ&gi'
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and findi ngetedved sigHBV®] AnEUYBREY thePWaraidl NednEtant i 6 2th8 " notch
frequenci es for - 10 - each cage position and storing said renoval

frequency ifiixaird table, together wth each cage position correspondi ng
thereto; and said step (c) conprising: detecting said current cage position
and $ai d currentincageordahce acdthngnatharaspect, the present invention

also provides a method of controlling a speed of an elevator
comprising the steps of: a) determining whether a current ~
operation is a test operation for measuring respective natural
vibration frequencies corresponding to cage positions or a
10 normal operation; b) if said current operation is said test
operation, storing, in a table, a removal frequency of natural
vibration frequencies of a rope and thimble rod spring at each
position of a cage equipped in ﬁhe elevator while controlling
a speed of a driving motor equ%pped in said elevator wiﬁhout
15 using a notch filter; c) if the current operation is said
normal operation, varying a constant of a transfer function of
said notch filter, based on a current position of a cage
equipped in the elevator and a current load of said cage; said
step (b) comprising: detecting cage positions at predetermined
20 intervals; operating natural vibration frequeﬁcies through a
fast Fourier transform for a signal obtained by proportionailly
integrating a signal indicative of a difference between a
speed command signal’ and a speed detecting signal both
generated for each of said cage positions; and finding a

25 removal frequency from said natural vibration frequencies for



5 frequency previously stored in the table and corresponding the
currgnt cage position; correcting and operating said read renoval frequency
corresponding to the current cage position, based on the current cage | oad;
and varying said constant of said transfer function, based on said

corrected and operated 10 . frequency and a bandwidth of said renoval
frequency previously stored. BRI EF DESCRI PTI ON OF THE DRAW NGS 15
O her objects and aspects of the inventign will become apparent fromthe

foll owi ng description of enbodi nents wt¥W reference to the acconpanyi ng
drawings in which: FIG 1 is a block diagramof a conventional speed
control systemfor an elevator; 20 FIG 2 is a block diagramof a
speed control circuit enployed in the conventional speed control system of

FIG 1; FIG 3| bl ock _di, f. an.apparatus f trolLi
of an' &l cvat 8RS RaGBCBRRARIEMADH SHOBABSIERIAL TOMSKAL B BAURT <P B EROn

and a frequekBp e HEBHAEE ) bk, TaqloBs iRl EBRTRSpBRbIRE thepes®® "
241,001, PphE Gy BkeboRe ) Qi FBTLYC fBlgelng | Besl. Sntrgv el
characteristhggQtibR® and said current cage 1load; reading a removal
5 frequency previously stored in the table and corresponding the
current cage poéiﬁion; correcting and operating said read
N removal frequency correéponding to the current cage position,
based on the_current cage load; and varying said constant of
said transfer function, based on said corrected and operated

10 frequency and a bandwidth of said removal frequency previously

stored.
BRIEF DESCRIPTION OF THE DRAWINGS

15 Other objects and aspects of the-inventioh will become
apparent from the following description of embodiments with
reference to the accompanying drawings in which:_

FIG. 1 is a block diagram of a conventional speed control
system for an elevator;

20 FIG. 2 is a block diagram of a speed con£r01 éircuit_
employed in the conventional speed contro) syStem of FIG. 1;

FIG. 3 is a block diagram 6f an apparatus for controlling
a speed of an e1evatorf.ih accordance with an embodiment of

the present invention; -

25 ' FIG. 4 is a graph illustrating a relationship between a
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notch filter in the case of FIG 3; FIG 7 is a diagramillustrating a gain
characteristic 9 depending on a vibration restraint in the case of FIG -3
and FIG 8 is a flow chart illustrating a vibration restraint 10 N~
operation of the apparatus of FIG 3. DETAILED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS Referring to FIG 3, there is illustrated an apparatus 15

for controlling a speed of an el evat I n accordance wth an enbodi nent of
the present invention. As shown in~ 1G. 3, the speed control apparatus
conprises an inertial system 120 which includes a notor driving circuit, a
notor and a sheave. The inertial system 120 is adapted to 20 drive a
cage to nove vertically, by directly transmtting a rotation force of the
notor to the sheave and thus noving a rope according to a rotation of the
sheave. The speed control apparatus al so conprises a speed detector 130 for

det ecting ar,cp,t Hrida WJ d%hpn SPReVEa P bPerpigerglal system 120 and a

Ioa det ect or tecting a | oad of the ¢age driven by -12-

the inertial systrgm §29s d fgq»a?weidu ﬂf&tﬁféﬂngl@r%'&%ﬁ%fn%%% sa%aéeﬁetﬁstl ng

signal W' indicative of the ected rotation speed of the sheave.

speed det e¢opag18hgthl andlVthei matppai e tiea®i sniRrapidricyl lih WheC kase of
adapted to subtract the 5 speed detecting signal W' froma speed

command si gaal. \a%5*
5 FIG. 6 is a diagram illustrating a characteristic of the
notch filter in the case of FIG. 3;
FIG. 7 is a diagram illustrating a gain characteristic
depending on a vibration restraint in the case of FIG. 3; and
FIG. 8 is a flow chart illustrating a vibratioh restraint

10 operation of the apparatus of FIG. 3.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 3, there is illustrated an apparatus

15 for controlling a speed of an elevator, in accordance with an
embodiment of the present invention. -

As shown in FIG. 3, the speed control apparatus comprises

an inertial system 120 which includes a motor driving circuit,

a motor and a sheave. The inertial system 120 is adapted to

20 drive a cage to move vertically, by directly transmitting a

rotation force of the motor to the sheave and thus moving a

rope according to a rotgtion of the sheave. The speed control

apparatus.a1so comprises a speed detector 130 for detecting a

rotation speed of the sheave of the inertial system 120 and a

25 Toad detector 140 for detecting a load of the cage driven by



outputted froma speed control conputer (not shown) and output the
resultant vajue as a speed deviation signal.. The speed control apparatus
al soconprises a proportional integrator 112 for proportionally integrating
t he speed deviation signal from 10 the subtractor 111 and outputting
the resultant value as a control signal T*, a notch filter 113 for
receiving the output signal fromthe proportional integrator 112, renoving
a particular frequency from'the réecei ved signal andisending the signal free
of the particular frequency to the nnro?ZdTiving 15 circuit of the
inertial system 120 as a torque-controlling current command signal for
controlling a rotation speed W of the notor, and a vibration control
circuit 114. The vibration control circuit 114 is adapted to detect a
position of the cage, based on the speed detecting signal W' fromthe
speed 20 detector 13Q, operate a natural vibration frequency of the
rope and t hi nbh& 1H8r&iAIngyshesed 36 t Hd% sqeg}r%tW*qlquorgWates a

ti | int tor 112, derive a fr. - Wit in f t.h
bperat ed nat uFBFed: o7 aes bine Sranal vy HodiSablyth P Ful il sl Re R
derived | f ' [ 25 ble, t h ith a. bt
e Tk the! eV o 1S SRR THEER R0 B RRE U

ired i,t Ll l,e, | t b
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5 speed detecting -signal Wr’ from a speed command signal Wrx

outputted from a speed control computer (not shown) and output

the resultant value as a speed deviation signal. The speed
control apparatus also comprises a proportional intggrator 112

for proportionally integrating the speed deviation signal from

10 the subtractor 111 and butpqtting the resultant value as a
control signal T*, a notch filter 113 for receiving the output
'signa1 from‘ the proportional integrator 112, removing a
.particu1ar frequency from the received signal and sending the

| signal free of the particular frequency to the motor driving

15 circuit of the.inert1a1 system 120 as.a torque-controlling
—/ current command_signal for conﬁrof]ing a rotation speed Wr of
" the motor, and a vibration contro1 circuit 114, The vibration
control circuit 114 is adapted to detect a position of the

'cage, based-on.the speed detecﬁing signal Wr’ from the speed

20 'detector 130, operate é naﬁdra] vibration frequency of the
rope and thimb]e.rod spriﬁg, based on the output signal T#

from the proportional integrator 112, derive a frequency with

a peak géin'from the operated_naturé1 vibration frequencies as
é_removal fréquency, store the derived removal frequency in a

25 table, together with a cage position corresponding thereto,



operate the natural vibration frequency again, based on the 5 corrected:
cage |load, and vary the constant of the transfer function of the notcly
filter 11, based on"the correctly operated natural vibration frequency
and a predeterm ned renoval frequency bandwi dth. The vibration control
circuit 114 may be a m croconputer. 10 The present invention
also provides a nethod for contrqljing the el evator speed using the
vibration control circuit 114, In accordance wth the nethod, first,
a determnation is made about whether the current operation is a test
operation for neasuring respective natural vibration 15 frequenci es
"corresponding to cage positions or a nornmal operation. Were the current
operation is the test operation, predeterm ned spaced cage positions are
detected while driving the elevator cage throughout the stroke |ength

thereof. Si rhR@%nBod&MPVa] nEFRAUPNGY b SRF DSHIRGINSCHO R tTRAY YRS aRB9%0
t hi bl d ' t h t ect g [ ted, Th h
Cage posi &1 SR, BRER.EEe° HaBlel Kttt offe (Sadk nLordoretestan: BY

thereto aretﬁ—‘teoﬁ%%q de ﬁc}tl&:rgu eBSsta'E'Fo?.“f.ﬁ&Waa‘&’?fegntoitv%riaﬁgét]Snggr ggge

operation, a natdra n Trequency correspondin urre

oot on”” cpere (RENabIPE) V1B o/ ol bod SFPIRAE on, the
been g corrected cage load, and vary the -constant of the transfer
function of the notch filter 11, based on the correctly

operated natural vibration frequency and a predetermined™

removal frequency bandwidth.

The vibration control circuit 114 may be a microcomputer.

10 The present invention also provides a method for

controlling the elevator speed using the vibration control

circuit 114. In accordance with the method, first, a

determination is made about whether the current operation is

a test operation for measuriﬁg respective natural vibration

15 frequencies corresponding to cage positions or a normal

operation. Where the current operation is the test operation,

predetermined spaced cage positions are detected while driving

the elevator cage throughout the stroke 1length thereof.

Simuitaneously, a natural vibration frequency of the rope and

20 thimble rod spring at each detected cage position is operated.

Then, each cage position and the operated natural vibration

frequency corresponding thereto are stored in a table. Where

the current operatiqd'is the normal operation, a natural

vibration frequency corresponding to a required cage position

25 is read from the table 1in which respective vibration



previously stored during the test operation: ‘In this case, the read
natural vibration frequency is then corrected and operated again, based on
the ¥age | oad. ~ Thereafter, -the 5 constant of the transfer function
of the notch filter is varied, based on the corrected and operated natural
vi bration frequency. Now, the present invention will be described in

detail, in

conjunction wth its operation and effects. This 10

description is also made, in’conjunctiqp Wth a graph of FIG 4
illustrating a relationship between a gain and a frequency, a graph of FIG

5 illustrating a relationship between the rope |ength and the natural
vibration frequency, a diagramof FIG 6 illustrating a characteristic of
the notch filter, a diagram 15 of FIG 7 illustrating a gain

characteristic depending on a vibration restraint, and a flow chart of FIG
8 illustratinfraquehcdeisorcorrsaspondingerta i ah) \Wage thestt topsohave been
operated as a speed command signal is outputted fromthe speed control

conput er (notpsavinyslyhetzded durding i the tpetdoperafdodheavid okhis nease al

system 120

is detected as a real speed of. the elevator by the speed

detector 130 Wheécheadi matumal ovipratians feaAurn®et 1 figthpgnaonnecterhand
speed detecting signal W' is subtracted froma speed command signal W?*
outputted fropPerategeapaidht r BRSEEMAN ethepcage jipad.ho TogreAItES, YNQ

The resultant value is then : : . .
5 constant of the transfer function of the notch filter is

10

15

20

. 25

varied, based on the corrected and operated natural vibration
frequency.

Now; the present invention will be described in detéiT,
in conjunction with 1its operation and effects. This
description is aiso made, in conjunction with a graph of FIG.
4 illustrating a relationship between a gain and a frequency,
a graph of FIG. § illustrating a relationship between the rope
length and the natural vibration freguency, a diagram of FIG.
6 illustrating a characteristic of the notch filter, a diagram
of FIG. 7 illustrating a gain characteristic depending on a
vibration restraint, and a flow chart of FIG. 8 illustrating

a vibration restraint operation.

When the elevator is operated as a speed command signal

‘is outputted from the speed control computer (not shown), the

rotation speed of the sheave of inertial system 120 is
detec;ed as a real speed of the elevator by the speed detector
130 which, in turn, odtputS'a speed detecting signal Wwr'.
This speed detecting ;{gnaI wWr’ is subtracted from a speed
command signal Wr*x outputted from the speed control computer,

in the subtractor 111, 'The resultant value 1is then



- 15 - proportionally integrated in the proportional integrator 112. \Were

the current operation is a test operation for neasuring natural vibration

frequenci es upon installing the elevator, the proportional integrator 12

generates its output 5 directly as a torque-controlling current

command signal, w thout sending the output to the notch filter 113, so as

to drive the notor of inertial system 120. By the rotation of notor, the

sheave rotates and thus the cage i~s1%ri ven to nove vertically. 10

Upon this test operation, the vibration control circuit 114 detects one of

predeterm ned spaced cage positions, based on the speed detecting signal

outputted fromthe speed detector 130. The vibration control circuit 114

al so receives the signal outputted fromthe proportional integrator 112 15

correspondingly to the cage position. For the received signal, the

vi brati on ponartionatiytintegeatedt bs thé gutogartianal rintsdgratds. 1R.21. ) so

that it derives gains of frequencies caused by the vibration of the cage :

60. From the détherei ghenscurnenti iemanatiemniisola ctesti tonerations for20

frequency with a peak galn correspondlqg to a peak vibration as a renoval

frequencymeaﬁgﬁﬁﬂﬂtﬂﬁ Bb%bdvdéfééﬂﬁwg:f%ﬂﬂﬁ"QﬁﬁﬁnHE@G finstadAd ngpdde

det ect or l se si naI rope | ength can be derived by

accumnul atl §Vtar’r'é’r PEP BUF’§8§° f1p 89535'88 Hé?&ﬁ'??fgag?%ﬂeﬁs &M"DM’en
Based on the dete%tlng

;P;%g[at'@q e@:(?ﬂy as Qeséjclzrtg@et c\:/gngro'lhng current comm ndEds1g
without sending the output to the notch filter 113, so as to
drive the motor of inertial system 120. By the rotation of v
motor, the sheave rotates and thus the cage is driven to move
vertically.
10 Upon this test operation, the vibration control circuit
114 detects one of predetermined spaced cage positions, based
on the speed detecting signal outputted from the speed
detector 130. The vibration control circuit 114 also receives
the signal outputted from the proportional integrator 112
15 correspondingly to the cage position. For the received
signal, the vibration control circuit 114 executes a fast
Fourier transform (F.F.T.) so that it derives gains of
frequencies caused by the vibration of the cage 60. From the
derived gains, the vibration control circuit 114 finds a
20 frequency with a peak gain corresponding to a peak vibration
as a removal frequency. Since the speed detecting signal
outputted from the speed detector 130 is a pulse signal, the
rope length can be derwed by accumulating the number of

pulses of the speed detecting signal and then integrating the

25 resultant value. Based on the speed detecting signal,



- 16 - aecordingly, a correspondinb"eege'pbsition can be detect ed.
Thereafter, the cage position and the renoval frequency are stored in an

i nt &' nal menory of the vibration control circuit 114. 5 Next, the
cage position detection and the renoval frequency operation utilizing
the fast Fourier transform-are repeated for next cage position. These
procedures are repeated for all predeterm ned cage positions. The
derived cage positions -and the r emoval Jfit'equenci es derived 10

correspondingly thereto are stored in th#® table. Wiere the elevator is

operated at the normal state, after conpleting its installation and the
preparation of the table including renmoval frequencies based on respective

cage positions derived by the neasurenents of natural vibration 15

IL?QSSQZ?Z&%@?@?‘? B ork 1 FoPERRRAR A aR giRa " T oS By #éte"cl

|t ogrator 13300 RS W h Y adg hepl %ﬁ%ﬂaﬁ%ﬁiﬂéﬁ renedal TraRCBRRY

I nt egr at or

the notch 20 ored GEr ﬁlqnte?ﬁaﬁhﬁeﬂﬁﬁ5h°¥ll%hev}agatq°g@ P%rﬁﬁecﬂgfg1t

particul ar frequency of "an output si proportlona
112 is attenuatgd and then sent to the motor driving circuit of |nert|al

system 120 gas a torque-controlling current conmand signal .
5 Next, the cage position detection and the removal

frequency operatﬁon utilizing the fast Fourier transform are

repeated for next cage posiﬁion. These procedures are

repeated for all predetermined cage positions. The derived

cage positions and. the removal frequencies derived
10 correspondingly thereto are stored in the table.

Where the elevator is operated at the normal state, after
compieting 1;3.1nsta11ation and the preparation of the table
including removal frequencies based on respective cage
positions derived by the meaeerements of natural vibration

15 frequencies, the subtractdr 11 subtracts the speed detecting
signal Wr’' of the speed detector 130 from the speed coMﬁand
signal Wrx and sends the resultant signal to the proportional
integrator 112. In the proportional integrator 112, the
signal is proportionally integrated and then sent to the notch

20 filter 113. In the notch filter 113, a gain of a particular 
-frequency of an output signai.from the proportional integrator
112 is attenuated and then sent to the motor driving circuit
of inertial system 120 as a torque-controlling current command

signal.

25 . In this case, the vibtation control circuit 114 detects



25 In this case, the vibration control circuit 114 detects - 17
- the current cage position, based on the speed detecting signal of the:

speed detecting circuit 130. Al so, the vibration control circuit 114
reads a renoval frequency corresponding to the detected cage position,
using the table in which renoval -5 ‘frequenci es for various cage

positions have been previously stored upon the test operation. On the other
hand, the cage load is detected by the |oad detector 140 di sposed at the
bottom of the cage 60. Based on the @defZcted cage | oad, the vibration
control circuit 114 corrects and operates the 10 renoval frequency,

so as to derive a natural vibration frequency fo correspondi ng to
t he cage position. Subsequently, it varies the constant W of the
transfer function[err](S) of the notch filter 113, based on the derived

nat ural vi bhat¢enréntqgcageypasiition, thashd dirh tife sheededetettibg signal
frequency. Since the natural vibration frequency is varied, depending
on the posPfi dihef speredcageteoctingacireuithel 88pe |Ah8®Ph &he t vébragion

wei ght, where only the notch filter 113-is ysed, the vibration control
circuit 11200&FPdsciReuibniianfeass mremovare fregyency carEesBANEiNAoERN

e LB R o R0 RO B W PR 1 vt Pl

5 frequencies for various cage positions have been previously
stored upon the ﬁest operation. On the other hand, the cage
load is detected by the load detector 140 disposed at the v
bottom of the cage 60. Based on the detected cage load, the
vibration control circuit 114 corrects and operates the

10 removal frequency, so as to derive a natural vibration
frequency fo corresponding to the cage position.
Subsequently, it varies the constant Wo of the transfer
function Gy(S) of the notch filter 113, based on the derived
natural vibration frequency and the bandwidth of the removal

15 frequency.

Since the natural vibration frequency is varied,
depending on the position of the cage 60, that is, the rope
length and the cage weight, where only the notch filter 113 is
used, the vibration control circuit 114 varies the constant of

20 the transfer function of notch filter 113, based on the cage
position and the cage weight. Accordingly, the vibration
frequency occurring at the rope and thimble rod spring is
efficiently attenuated: thereby restraining the vibration
occurring at the cage 60.

25 In accordance with another embodiment of the present



efffciently attenuated, thereby restraining the vibration occurring at the
“cage~60. 25 I n accordance with anot her enbodi nent of the present
-18%i nvention, the real speed W of the el evator which is used for
operating the position of cage 60 in the vibration control circuit 114 is
detected as a position signal by a sensor disposed on a travelling path

al ong which the cage noves 5 vertically. In this case, the inertial
system 120 can be control led. to restd&im the vibration occurring at the
cage 60, by reading a renoval frequency stored in the nenory. As apparent
fromthe above description, the present invention provides an effect of
effectively restraining a 10 vi bration occurring due to variations in

cage mss angh{@RAEibANILRe Pia) USEAWIGE ithd GATaes ARIEH 95 aseadfor

: i :
upon installing e efevator, to operate various positions of the elevator

and  recortype PRt ithg! thg"iﬁgﬁti.%h of ' eAYRNEPSiROELABSRIBHaRYE o0 control
respective positions, and by detecting the 15 | oad of the cage when the

el evator is opeeai€didly aj §0/dBlectied Cast @ apbEIBI beakhiyneal Yoy ha nedneer
vi bration frequency. Although the preferred enbodi nents of the invention

have been digrdpsssdl oh i &l usidvadi Mo upRbREaldipsehikhl e | Bable moves
w Il appreciate that various nodifications, additions and 20
subst ist uti ongeret tcadBgi bl eIn Wwehhsuicadeparthagiheotialie sysiem 120 can be
controlled to restrain the vibration occurring at the cage 60,
by reading a removal frequency stored in the memory.
[ As apparent from the above description, the present
invention provideé an effect of effectively restraining a
10 - vibratién océurring due to variations in cage masé and rope
length, by integrating the traveling speed of a cage upon
installing the elevator, to operate various positions of the
--@levator and record natural vibration frequencies
corresponding to respective positions, and by detecting the
15 load of the cage when the elevator is operated at a normal
state, to automatically vary the natural vibration frequency.

Although the preferred embodiments of the invéntion have

been disclosed for illustrative purposes, those skilled in the
art will appreciate that various modifications, additions and
20 substitutions are possible, without departing from the scope

and spirit of the invention as disclosed in the accompanying

claims.

25



and spirit of the invention as disclosed in the acconpanying clainms. 25
-19- ¢CLAI MS: 1. An apparatus for controlling a speed of an el evator-
conprising: 5 : a subtractor for subtracting a speed detecting

signal froma speed command signal; a proportional integrator for
proportionally integrating an output signal ‘fromsaid subtractor; a notch
filter for renoving a particul ar freguency 10 conponent from an
output signal from said proportidBat integrator and outputting said
signal free of said particular frequency conponent as a torque-controlling
current command signal; and vibration control neans for varying a constant
of a 15 transfer function of said notch filter, based on a position of
a cage equipped in the elevator and a | oad of said cage. 2. An apparatus in
accordance with claim11, wherein said vibration control nmeans is a

m croconputer whEdhA § M@apted to 20 recei ve a speed detecting signal

I ndi cative of a sheave equipped in the elevator, a | oad detecting signal
i ndicative of said | oad of the cage and an output signal fromthe
1. An apparatus for controlling a speed of an elevator
comprising:
5 a subtractor for subtracting a speed detecting signal
from a spéed command signal;
a proportional integrator for proportionally integrating had
an output signal from said subtractor;
a notch filter for removing a particular frequency
10 component from an output signal from said proportional
integrator and outputting said signal free of said particular
frequency component as a torque-controlling current command
signal; and
vibration control means for varying a constant of a

18 transfer function of said notch filter, based on a position of

a cage equipped in the elevator and a load of said cage.

2. An apparatus in accordance with claim 1, wherein said

vibration control means is a microcomputer which is adapted to

20 receive a speed detecting signal indicative of a sheave
equipped in the elevator, a load detecting signal indicative

of said load of the cage and an output signal from the
proportional integrato;, vary said constant, based on said
received signals, and send the varied constant to the notch

25 filter.

A



‘proportional integrator, vary said constant, based on said received
"signeals, and send the varied constant to the notch 25 filter. |
117944111121111111111111 - 20 - 3. Anethod of controlling a speed of an
el evator conprising the steps of: a) determ ning whether a current
operation is a test operation for -nmeasuring Ttespective nat ur al

vi bration 5 frequenci es corresponding to cage positions or a nornal
operation; b) if said current. opeTation_i? sai d tést operation, storing, in
a table, a renoval frequency of natural v gration frequenci es of a rope and
thinmble rod spring at each position 10 of a cage equipped in the

el evator while controlling a speed of a driving notor equipped in said

el evator without using a notch filter; c) if the current operation is said
normal operation, varying a constant of a transfer function of said notch
15 filter, bas8d onm amehhacenofpostntoalding mgsrepd ppdd an tekevator
el evator and a current |oad of said cage; said step (b) conprising:
detecting cagempeisinasthe ptenst ofri ned interval s; operating natural

vi bration frequencies through a . )
a) determining whether a current operation is a test

operation for measuring respective natural vibration

5 frequencies corresponding to cage positions or a normal
operation;
N b) if said current operation is said test operation,

storing, in a table, a_removaT frequency of natural vibration
frequencies of a rope and thimble rod spring at each position
10 of a cage equipped in the elevator while controlling a speed
of a driVing motor equipped in said elevator without using a
notch filter;
c) if the current operatipn is said normal operation,
vary‘ihg a constant of a transfer function of said notch
15 filter, based on a current position of a cage equipped in the
elevator and a current load of said cage;
said step (b) comprising:
detecting cage positions at predeterminéd intervals;
operating natural.vibration frequencies through a
20 fast Fourier transform for a siéna1 obtained by
proportionally integrating a signal indicative of a
difference between a speed command signal and a speed
detecting signal Ebth generated for each of said cage
positions; and

_25 finding a removal frequency from said natural
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20 fast Fourier transform for a signal obtained . by

proportionally integratjng a signal indicative of a difference between:
speed command signal and a speed detecting signal both generated for ea

of said cage positions; and 25 ' finding a renova

frequency fromsaid natural - 21 - vibration frequencies for eatch cage

position and storing said renoval frébuency in said table, together with
each cage position corresponding thereto; and said step (c) conprising: 5
detecting said current cage position and said current cage |oad;
teadi ng a renoval frequency previously stored in the table and
correspondi ng the current cage position; correcting and operating said read

based on the cuVi BRAtISg. TrasyeRaiss da RackaraoB et LhTon a4, RESt NG ..
funct i on,based 8> BVl FEbRUeREY, JACURE cRRTRLREY RO PR CHREHT, O
glef[eue(r:r][ i:%,ngvvherel gaagl gogi%qw)cmdoﬁ'&?‘iﬁg Sﬁﬁ@r@éof ngsPrating sai d speed
said step (c) comprising:
5 detecting said current cage position and said
current cage load;
reading a removal frequency previously stored in the
table and corresponding the current cage positioh;
correcting and operating said read removal freguency
10 corresponding to the current cage position, bésed on the
current cage load; and
varying said constant of said transfer function,
based on said corrected and operated frequency and a
bandwidth of said removal frequency previously stored.
15 |
4. A method in accordance with claim 3, wherein said step
(a) comprises a step of 1integrating said speed detecting

S~

signal for each cage position.

20 5. A method in accordance with claim 3, wherein said step
(a) comprises a step of detecting each cage position, based on
a position detecting signal outputted from a position

detecting sensor disposed on a travelling path.

25 6. A method in accordance with claim 3, wherein said

* C L L] § *



signal for each cage position. 20 5 A method in accordance with
cla1n13 wherein said step {a) conprises a step of detecting each cage
positi on, based on a position detecting signal outputted froma position
detecting sensor disposed on a-travelling path. 25 6. A nethod in
accordance with claim3, wherein said 1111111111211 1111 111111 * C L
M S * - 22 - renoval frequency oL each cage position corresponds
to a frequency with a peak .gain selecte fron1natura| vi bration frequencies
for each cage position. 5 7. An apparatus for controlling the
speed of an elevator substantially as herei nbefore described with reference

to and as ill cont r(ﬁﬁrécﬁi&&y’s £ Gedént & §?§c§ggmem5hng, \@Fagﬁs b a

8. A nmethod o a “speed of an

evat or_ subst
descri bed wi t RERGREREYCUIt pi peak §318 Geleged &5k %ﬂréﬁ%’s‘:mn
11111111 1111}kekhbhtibkl ¥bkl Bhch cade poditiond S *

5 7. An apparatus for . controlling the speed of an
elevator substantially as hereinbefore described with
reference to and as illustrated in Figs 3 to 8 of the
accompanying drawings.

10 8. A method of controlling a speed of an elevator
~— substantially as described with reference to Figs 3 to 8 of
the accompanying drawings.
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