_f“;l

enti on
%
vat or

(o

dn
e

&

T

¥

E]

TEM ThR phddencoPy

el AEPLACEMISIEEYS! O g

EﬁﬁbﬁmWMMn havi ng,a V|bra i onjsuppressing device which can provide

g Claim(s) paged ....... to paged

Jfgwﬁng(s) : paged ....... to paged .ALL
Abstract  : paged ,m!la te paged .. a

'sﬁstenl and particularly relates to an

mmaj"”ﬂm@pamdunﬁz

1 DUPLICATE

mmmmmmm

10

15

20

&
(8]

ELEVATOR SYSTEM

The preseﬁt invention relates to an elevator
systéﬁ, and particularly r@lateé to an elevator system
having a vibration suppressing device which can provide
comfortable ride.

In JP-A No. 60-254201 (JP-B No. 3-30161,
Japanese Patent Application No. 59-110264), therxe is
disclosed a contrel system comprising an opezaﬁion
mechanism foxr operating an object to be controlled in
accordance with an operation guantity instruction value,
a detector for detecting a control guantity of the
cbject to be controlled, and a control operation portion
supplied with a contxol quantity detection value from
the detector and the contrxol quantity instruction value
for cutputting the operation guantity instruction value,
wherein a signal of deviation of a coatrol guantity
détection value from an control quantity instruction
value is supplied as an input, and a deviation of the
control quantity from a control quantity estimation
valua obtained as a xesult of operatlan from an
operation quantity Lnstructlon to & detecti@n value.
through a model is added in an operation quantity . -
instruction value portion to therebyl@mpxove the'
performance against disturbance. - That is, there is such
a proposal that the control operaﬁion portibﬁhoutpﬁts;

as an operatiocn guantity instruction value, a difference
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confgrtabl e ride. In JP-A No. 60-254201 (JP-B No. 3-30161,

Japanese Patent Application No. 59-110264), there is di'scl osed a
contr Gl ‘system conprising an operation machani sm f or operating an
objeet to be controlled in accordance with an operation quantity
I nstructiton val ue, a detector for detecti-ng a control quantity of the

object to be controlled, and a control operation portion
) 1 (B-A) between a value A obtained from a control quantxty

detection value through a desired transfer function
G,{s), and a value B obtained through a transfer function
{G,(8)°G(8)+1l) which is obtained by adding "1" to a

5 transfer function G, (8)°G(s) which is a product between
a traﬁsfem function G,(s) and a transfer function G y(s)
which simulates a transfer function G {s) from the
operation guantity instruction value to the control
guantity detection value, at an ocutput of a control

10 amplifier which is supplied with a control guantity
detection value and a control quantity instruction
value, thereby improving, disturbance rxesponse without
changing instruction value response.

According to JP-A No. 52-43246, 61-203081,

15 61-27882, 62-211277, etc., there is such a proposal that
a vibration component of an elevator cage is detected
directly, and this component is fed back to a speed
control device to thereby suppress the vibration of the
cage.

20 However, according to the above-mentioned
first prior art, since also a vibration disturbance
component is already mixed into an operation instruction
value which is an inpué signal to the model, a control
guantity estimation value obtained.as an coperation

25 result through the model containg a component of the
value estimated upon the control quantity instruction
and a component of the value estimated upon the

disturbance component. Accordxngly, the value cbtained
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supplied with a control quantity detection value from t he detector and

: the}control quantity instruction val ue for outputting the operation
guantity instruction val ue, wherein a signal of deviation of a control
guantity detection value froman control quantity instruction val ue
I s.supplied as an input, and a deviati.omgof the control quantity froma
control quantity estinmation val ue obtained as a result of operation
fromanl asperdiffergneet isignalsttact icomtypl gletrend twdetdeeion

value cannot be an instruction for eliminating
disturbance in the control quantity detection porticn.
That is, even considering the case in which a control

quantity estimation value and a control guantity

(971

detection value are ideally coincident in phase
relationship with each other, a component causing a
disturbance suppressing signal is expressed by (the
control quantity estimation %alue < the control quantity
10 detection value}, which is a value different f£rom that
to be used as a disturbance suppressing signal, and gain
correction or the like bpcomes therefore necessary.
Further, if a control guantity estimation value and a
control quantity detection value.are not coincident with
15 each other in phase relationship, signal components
other than a reference signal relating to a disturbance
component (components the phase and size of which change
correspondingly to the phase difﬁeﬁemce, and soc on) are
mixed into a disturbance suppressing signal, so that it
20 becomes difficult to effectuate the suppression of
vibration strongly because of the preduction of other
bad influences as well as the mixture. Further, for
adjustment of the gaih; phase, and so on, it is neces-
sary to provide two adjusting portions, one where a
25 control gquantity estimation value and a control quantity
detection value are made coincident with each other.in
phase relationship, and the other where a deviation

signal between the control guantity estimation value and
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fbroggh a nodel is added in an operation quantity I nstruction val ue

portion to thereby inprove the performance agai nst di sturbance. That

is® there is such a proposal that the control operation portion

out put s, as an operation quantity instruction value, a difference
L - g -

{

1 the control guantity detection value is adjusted in
gain, phase and so on. Accoxdingly, the adjustment is
extremely difficult because of the correlation of these
portions.

5 . On the other hand, according to the
above-mentioned second prior art, various devices have
been provided for directly detecting a vibration
component of an elevator cage so as to use this
component as a signal for controlling the suppression of

10 wvibration, but there have been a lot of problems in
practical use, for example, in the points how to emsure
the reliability of an acgeleration sensor itself, how to
eliminate noises superimposed on a signal line wired up
to a control device in a machine room located on the

15 uppermost floor several hundred metexrs away from the
sensor, and 80 on.

it is an dbiject of the present invention to solve cr at
least mitigate the foregoing parblems of the pricr arts, and to
ptovide an elevator system which can reduce uncomfort-

20 able vibration of a cage.

According to an‘aspect cf the preseﬁt
invention, the elevator system has an elevator model
supplied wiﬁh an elevator speed instruction, and means
for supplying a speed contxcl loop with a compensation

25 signal corresponding to the output of the model to
thereby control an electric motor by a vibration

suppressing signal decided on the basis of the output of

+he model and so on.
hi
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-2-;§B-A) between a value A obtained froma control quantity detection
val ue through a desired transfer function Jerr](s), and a value B
obt ai ded through a transfer function {Jerr](s)[err]derr](s)+1} which is
obtained by adding "1" to a transfer function err](s)[err]Jerr](s)
which ig a product between a transfer fuensti-bn Jerr](s) and a transfer
functdioh Jerr](s) which sinulates a transfer function Jerr](s) fromthe

1 The vibration suppressing signal is made up by
use of the elevator model supplied with an elevator
speed instruction, and the means for supplying the speed
control loop with the ocutput of this meodel, and so on.

5 The vibration suppressing signal is used for speed
contrel so that bad influences such as a noise mixture
from the outside, are so reduced that the elevator speed
control can be realized with lowered vertical vibration
and without special cost-up. Morecver, the number of

10 the phase and gaim adjusting portions can be reduced to
only one.

Embodiments of, the present invention will now
be described, by way of example, with reference to the
accompanying drawings, in whichs:-

i5 Fig. 1 is.a diagram illustxating the whole
structure of an elevator to which the present invention
is applied,

Fig. 2 is a diagram for explaining the
p%inciple of the operation of the present invention,

20 Fig. 3 is a simulation result diagram showing
the effect of the present invention,

Fig. 4 is a diagram illustrating a specific
embodiment of the signél converter 24,

Fig. 5 is a diagram for explaining the

25 principle of the operation of the present invention,

Pig. 6 is a diagram illustrating a specific

embodiment of the signal converter 24,

Fig. 7 is a diagram illustrating a specific
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operation quantity instruction value to the control quantity detection

. value, at an output of a control anplifier which is supplied with a
confrol quantity detection value and a control quantity instruction
val ue, thereby inproving di sturbance response wi thout changing instruction
val,ue-T esponse. According te 8P-A No. 52-43246, 61-203081

61-27882, 62-211277, etc., there is such a proposal that
1 embodiment of the signal converter 24,
Fig. 8 is a diagram illustrating anothex
embodiment ©F the present invention,
Fig. 9 is a diagram for explaining the
5 prinéiple of the operation of the present invention.
Fig. 10 is a diagram illustrating another
embodiment of the invention, and
Fig. 11 is a diagram illustrating another
embodiment,

19 An embodiment of a vibration suppression
control system of an elevator according to the present
invention will be descriped in detail with reference to.
the drawings. Fig. 1 is a block diagram illustrating
the whole arrangement of an elevator system toc which the

15 present invention is applied.

In Fig. 1, the reference numeral 1 represents
a speed instruction; and 2, a speed detector for
detecting the actual speed of an elevator system,
preferably, a pulse encoder which is directly conmnected

20 to a rotary shaft of an electric motor or which is
friction-driven by a traction sheave & or a brake drum
(not-shown) to thereby detect the speed of the electric
motor. The reference ﬁumeral 3 represents a detection
actual speed signal obtained by processing the ocutput of

25 the actual speed detector; 4, a comparator for obtaining
the deviation between the speed instruction and the
detection actual speed signal; 5, a control operation

portion such as a proportional integrator or the like
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a vi bration conponent of an elevator cage is detected directly, and this
conponent is fed back to a speed control device to thereby suppress the
‘vibration of the cage. However, according to the
above-nentioned first prior art, since also a vibration disturbance
conponent is already mxed into an operathkon instruction value which is an
i npdt 'signal to the nodel, a control quantity estimation val ue obtained as

an operatijon for constructing a speed contrcl system; 7, .an adder for
adding a vibration suppression instruction 9 to a torque
instruction 8 which is the ocutput of the control
operation portion 5;'10, a power transducer such as an
5 inveéter, a converter or the like; 11, an electric motor
such as an induction motor, a DC motor, or the like, for
driving the elevator; 12, a main xope; 13, a cage; 14, a
counter weight; 35, a compensation rope; 36, a compensa--
tion pulley; 15, an.elevator rigid body model system
10 including an inertia system in which a mechanical system
including a cage, ropes, and so on, is regarded as a
perfect rigid bedy, and a&an electric system including a
driving system, a control system and so on; 16, a
comparator model foxr cobtaining the deviation between the
15 speed instruction 1 and an estimation motor speed 17
obtained from the elevator rigid body model system
including an inertia system in which a mechanical system
including a cage, ropes, and s on, is'regaxded as a
perfect rigid body; 18, a contxol operation portion
20 model simulating the contrecl operation portiom $5; 1%, a
power transducer model simulating the power transducer
19 20, an electric mopor model simulating the motoxr 11;
2], an inertia system model in which a mechanical system
including a cage, ropes, and so on, is regarded as a
25. perfect rigid bedy; 22, a comparator for obtaining a
speed ripple signal 23 which is the deviation between
the detection actual speed signal 3 and the estimation

speed 17 obtained from the elevator rigid body model

TR




resul t t hrough the nodel contains a conponent of the value estimted upon

t he control

quantity instruction and a conponent of the val ue estinmated

" upon the disturbance conponent. Accordingly, the val ue obtained

°
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system 15; and 24, a signal converter supplied with thi#
speed ripple signal 23 to thereby foxm the vibration
suppressing signal 9.

In such a configuration, the principle of the
operétion will be described with reference to Fig. 2.
In Fig. 2, the reference numeral S$1 represents an
example of the speed instructionm 1; S3, an example of
the detection actual speed sigmal 3; S17, an example of
the estimation speed 17 obtained from the elevator rigid
body model systeﬁ 15; 823, an example of the deviation
signal between the detection actual speed signal 3 and
the estimation speed 17;, and S9, an example of the
vibration suppressing signal 9 which is the cutput of
the signal converter 24. Then, a ripple of speed
accompanied with the vibration of a mechanical system
during increasing/decreasing of the speed is super-
imposed on the detection actual speed S3, but a
vibration component caused by the vibration of the
méchanical system is not superimposed on the estimation
speed 817 since the mcdel is a rigid body. Therefore,
according to the deviation signal 523 between €3 and
§17, the vibration component of the mechaﬁical system
can be extracted as itiis. Next, the signal $23 is
passedlthrough the signal converter 24 to compensate the
factor of delay in the power transducer 10 or_ the
electric motor 11, and to perform the adjustment of the
phase ¢ or the adjustment of the gain as in the signal

§9, and the signal S23 is supplied to the adder point 7

'Ms&wm}ksBumRTimxd T
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-3- as a difference signal to a control quantity detection value cannot
be an instruction for elimnating disturbance in the control quantity
det’ection portion. That is, even considering the case in which a control
guantity estimation val ue and a control quantity det ecti on val ue are
i deal 4y coincident in phase relatlonshlg wi th each other, a conponent

causing a disturbance suppressing signal is exgressed by (the
1 as a minor leop to théreby comstruct such a control

system that the production of vibration is canceled at
the point of the speed detector 2 by this instruction
component.

S - ° Fig. 3 shows the effect of the present
invention by an example of the result .of simulation. As
the conditions of simulation, the state where a driving
motor produces not only a driving force but also a
torque ripple when the driviﬁg of lifting up is

10 performed in the case where the height of a building is
230m, the number of passengers inm a cage is zero, the
cage being running near ithe uppermost floox, is
simulated and the acceleration of vertical vibration
produced in the éage is calculated. Without performing

15 any compensation process according to the present
invention, the acceleration of vertical vibration of the
cage is about $0.025m/52, while the acceleration of
vertical vibration of the cage is about +0.007m/S? if the
compensation process is performed, so that it is

20 wundexrstood the acceleration of vertical vibration is
improvéd into about 1/3. AcCOIding to this system, if a
vibratioﬁ component in a mechanical system can be only
detected in an elevatoﬁ driving motor portion, the
vibration compoment can be obtained as the speed ripple

. 25 signal 23 as it is since there is no interference signal
source or factor from the outside to the model, and
further the production of a ripple in the electric motox

portion can be suppressed since the signal converter 24

‘his Sheet Has Been R llaced T
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cSntroI gquantity estimation value - the control quantity detection value),
Wwhich is a value different fromthat to be used as a disturbance
suppressing signal, and gain correction or the |ike becones therefore
necéessary. Further, if a control quantity estimation value and a control
quantity. detection val ue are not coincideb® with each other in phase
relatlonshlp signal conponents other than a reference signal relating to
a di st ur bAncecempensates the characterxistic of delay from the addexr 7

to the electric motor 11 properly, so that it is also

possible to suppress the uncomfortable vertical vibra-

tion of the cage which is hung thereunder.

5 . Further, according to the method using this
elevator model system 15; since a signal to be estimated
is an estimation signal 17 corresponding to a speed
instruction, the frequency characteristic thereof can be
said to be comparatively slow. There is therefore also

10 an effect that as a microcomputer constructing the
model, any expensive one having a high speed processing
ability is not always regquired.

Fig. 4 shows a specific embodiment of the
construction of the signal converter 24. In Fig. 4,

15 taking intc comnsideration the characteristic of delay in
the elements from the adder 7 to the electric motor 11,
a phase lead/lag adjustment element and a gain adjust-
ment element are built in for properly suppressing the
production of ripples in the electric motor portion.

20 Fig. 5 shows an example of the freguency characteristic
from the adder 7 to the electric motor 11, in which the
characteristics (phasg as well as gain) of the elevator
system also changes iﬁ response to the change of the
input vibration frequency. In the case of effectuating

25 the technigue of the present invention to the frequency
band before and after 1.2Hz as an example of the primary

vibration of a rope system, the phase lag from the adder

point 7 to the production of speed is before and after

TN




conponent (conmponents the phase and size of which change correspondingly
to the phase difference, and so,on) are mxed into a disturbance
'suppfe55|ng signal, so that it becones difficult to effectuate the

suppr essi on of V|brat|on strongly because of the production of other bad
inflyeptes as well as the mixture. Furthepi for adjustment of the gain,
phase, "and so on, it is neces- sary to provide two adjusting portions, one
where a cont ranS@qu&pt ity te Sthendin jeetiainuefar sippht raodmperentt9f the

speed can give enough effective suppression of vibration
if the phase lead of about 35° is set in the signal
converter 24 to compensate this 35° of phase lag.

5 Furtﬁer, if the condition changes as the position of the
cage or the like changes, for example, under the condi-
tion in which vibration near 7Hz is apt to be produced
as an example of the secondary vibration of the rope
system, a plurality of rescnance vibration phenomena

10 changed and preduced in accordance with the condition of
driving can be suppressed effectively if the correction
quantities of the phase and gain are made variable in
accordance with the condition of driving, for example,
the quantity of phase lead being made wvariable to about

i5 100°.

In Fig. 6, a high pass-filter as well as the
function of Fig. 4 is built in to suppress low frequency
ripples produced by the decrease of the stationary gain
of a control system, so that a bad influence caused by

20 feeding back a deviation signal with a minor loop can be
excluded to provide another effect that a good transient
response can be obtained while a usual vibration
suppression effect is énsgred.

There is also ancther effect that adjustment

25 can be performed easily since it goes well if the phase,
gain and so on are adjusted only in the signal converter

24 as mentioned above in order toc make up a vibration

suppressing signal 9.
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detection val ue are nmade coincident with each other in phase rel ationship,
and the other where a deviation signal between the control quantity
" esti-mation val ue and - 4 -
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As for another embodiment, more preferably as
shown in Fig. 7, a band-pass filter is provided in the
signal converter 24 in oxrder to cut off components other
than a frequency band £, which is a taxrget of vibration
suppﬁession, so that the operation of a main route for
injecting a ripple signal can be made invalid to
frequency bands other than the fregquency which is a
target of vibration suppression to thereby make it
possible to nearly eliminate a bad influence of the main
route to the other frequency bands.

Further, in the case where there are a
plurality of mechanical gystem rescnance frequencies .
aimed on vibration suppression, if a plurality of signal
converters 24-1 and 24-2 and signal injection routes
effective to the respective frequency bands are provided
as shown in Fig. 8, and if suppression control sharing
the frequency bands is performed, there is ancother
effect that it is possible to realize comfortable riding
which is always stable against vibrations of various
frequencies caused by a plurality of inertia systems
such- as an elevator. .

Further preferably, if band-pass filters which
allow different target.frequency vibration suppressing
signals to pass are built in the signal converters 24-1
and 24-2 for the freguency sharing control, it is
possible to prevent a bad influence to other fregquency
bands thzough the plurality of signal injection routes.

Although the elevator rigid body model system

'his Sheet Has Been R“iﬂaced I
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the control quantity detection value is adjusted in gain, phase and so on.
Accordingly, the adjustnent is extrenely difficult because of the
carrelation of these portions. - On the other hand, according to
the above-nentioned second prior art, various devices have been provided
for d?rectly detecting a vibration conpgnent of an elevator cage so as to
use thi's

1 15 and the signal converter 24 are illustrated in Fig. 1

as if they are provided separately from a usual speed
control system, if they are constituted by a softwarxe in
a microcomputer for elevator control in the same manner

5 as tﬁe comparators 22 and 4, the control operation |
portion 5, and s0 on, it is possible to comnstruct a
control system which is strong against noises ox the
like. Of course, even if they are constructed by analog
circuits or the like independently of a control opera-

10 tion portion such as a proportional integrator and so on
constituting a speed control system, there is no fear .
that the effect of vibration suppression of the present
invention is lost, and in this case, there is mo limit
on the speed of processing which usually comes into

15 problem in the case of a software, resulting in another
effect that the frequency of vibration aimed on
vibration suppression can be expanded up to a high

frequency area.

¢ FPurther, in order to detect a deviation signal

20 between a model and the actual speed im Fig. 1, the
actual speed of an elevator system is detected by a
speed detector friction-driven on the shaft end of an
electric motor or omn tﬁe circumference of a traction
sheave. Accordingly, the actual speed can be used in

25 common with an actual speed signal used for essential
speed control, so that the signal fetching to a control
circuit, or a signal line is short enoﬁgh to reduce the

possibility of noise m;xture, resultlng in an effect to

miﬁﬁiilf il



conbonent as a signal for controlling the suppression of vibration, but
there have been a lot of problens in practical use, for exanple, in the
points how to ensure the reliability of an accel eration sensor itself, how

to  elimnate noises superinposed on a signal line wired up to a control
device jn a nmachine roomlocated on the. ygpernost floor several hundred
nmeters away fromthe sensor, and so on. It is an object of the.

present inyengaie it gissille to construct a system having a high
reliability suitable to an elevator.
Further, if the actual speed of a cage is used
* as an acfual speed.to be used for calculating a
5 deviétion signal from the estimation speed 17 obtained
from the model system 15, indeed the system may be
slightly weakened in noises from the point of view of
wiring a long signal line up to & machine room, but the
vibration suppressing component of the cage can be
10 detected all over the area'oﬁ an elevator passageway as
shown in Fig. 9 differently from the case of detection
in an electric motor portion, so that the effect to
suppress the vibration of the cage can be expected all
over the area of the elevator passageway. This is
15 because there is a difference in easiness in detection
of a vibration component with respect to the position of
the cage between the case of indirect detection in the
electric motoxr porticon and the case of direct detection
ifhi the cage portion as shown in detail in Fig. 9, and
20 because in the case ¢of the detection in the electric
motor portion there is an area in which the vibration
component can be hardly detected in the vicinity of
220m, as is apparent from the result of calculation.
Therefore, if a signal detected in the
25 electric motor portion and having high resistance
against noises is used normally while a signal détected
in the cage portion is switchably selectively used in an

area, for example in the vicinity of 220m, wherxe
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at.least mtigate the foregoing problens of the prior arts, and to provide
an el evator system which can reduce unconfortable vibration of a cage.
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vibration is hardly detected in the electric motor
portion, there is another effect that it is possible to
construct a totally high reliable system suitable to an
elevator. In Fig. 9, the result of calculation is
omitted with respect to the floors lower than the midst
one.

Further, from the point of view of the change
of gain, the gain X in Figs. 4 and & is made variable in
accordance with the position of a cage or the gquantity
of passengers (not-shown) in order to operate a vibra-
tion suppression control system stably since the
easiness in detection of, vibration, that is, the gain of
detection changes in accordance with the position of the
cage or the quantity of passeﬁgers as well as the
frequency characteristic from the adder 7 to the
electric motor 11 shown in Fig. 5, as is apparent from
Fig. 9. In this mannexr, vibration suppressiom can be
controlled stably independently of the operation
condition of the elevator, so that it is possible to
obtain comfortable riding. Specifically, if the values
of XK with respect to various positions of the cage or
various quantitiés of passengers are described in a
table in advance, and if this table is searched on the
basis of the position of the cage or the quantity of
passengers, it is possible to complete the processing in
a short time, and it is possible to expand the area in
which vibration suppressicn can be controlled. Further,

if the value of K is calculated each occasion, there is

"



‘According to an aspect of the present invention, the elevator system
conpr|5|ng a cage, an elevator driving device for driving said cage, a
speed instruction device, an elevator speed detection device, and a speed
control loop for controlling said driving device in accordance wth a
deV|akr0n of a detection elevator speed ¥§om a speed instruction; further
cofprising an el evator nodel supplied with a speed instruction for

outputtlﬁg amother effect that the memory for the table can be
omitted though it takes somewhat long time for
calculation.

Further, the inertia system model 21 of the

elevator rigid body model system 15 in Fig. 1 may change

L

its inertia component in accordance with the position of
the cage or the quantity of passengers. This change
produces a non-vibration component error of speed
between the estimation speed i? and the detection actual
10 speed 3, and mixes an unnecessary component like a bias
cemponent inte the ripple signal 23 of speed. Tﬁexec
fore, according to the present invention, the inertia
component of the inertia system model 21 of the elevator
rigid body model system 15 is made to change in accord-
15 ance with the position of the cage or the quantity of
passengers. Consequently there is ancother effect to
realize a Stable vibration suppression without respeét
to the driving condition of an elevator.
. Further, accoxrding to the embodiment of Fig.
20 1, it goes well if the elevator rigid body model system
15 estimates only a component including no vibration
component or the like of the speed produced by a speed
instruction, that is, oﬁly a component corresponding to
.a so-called fundamental wave component, so that a strict
25 simulation is not always required on the model. There-
fore, the power transducer model 19 and the electric
motor model 20 are not made up in detail, but approxi-

mated to an extent of first order delay. As a xesult,

e




estimation speed of said driving device when a nechanical systemup to
sédid cage is regarded as a perfect rigid y, so that a deviation signal of
a detected speed of said driving device froman output of said nodel is
supplied to said speed control | oop. A vi bration suppressing signal
may be-derived from the el evator nodel- siipptied with an el evator

1 it is possible not only to economize the memory space
required for the models, but alsc to simplify their
operations, so that there is an industrial effect to
make it possible to use an inexpensive microcomputer.

5 ' Further, if the interval to detect a detection
actual speed for the operation of deviation from the
estimation speed 17 is made shorter thanm the interval to
detect a value for use in the comparator 4, the vibra-
tion suppressing signal 9 can be supplied to a control

10 system at a short interval, and the freguency band on
vibration suppression can be expanded on the high
frequency side, so that there is_an effect to expand the
effect of vibrafion suppression against higher frequency
vibration.

15 Fig. 10 shows another embodiment of the.
present invention. Elements from a speed instruction 1
to a signal comverter 24 are the same as those in Fig.
1. In this embodiment, an elevator higher order model
system 25 including an element simulating an elevator

20 wmechanical system is also provided in addition to the
elevator rigid body model system 15. This elevator
higher order model system 25 is constituted by a
comparator medel 28 foﬁ comparing an estimation speed 27
in the electric motor portiocn with the speed instruction

25 1, a control operation model 29, a power transducer
model 30, an electric motor model 31, a cage model 32, a
counter weight model 33 and a traction sheave model 34.

Further, a speed ripple signal 23 is obtained not by the

"l




speed instruction and the neans for supplying the speed control |oop wth
the output of this nodel, and so on. The vibration suppressing signal is
*used for speed control so that bad influences such as a noise mxture
fromthe outside, are so reduced that the el evator speed

. o - 18 -
| 1 difference between an estimation speed 17 bydﬁse of. the
rigid body model and a detection actual speed 3, but by
the difference between the estimation speed 17 by use of
the rigid body model and an estimation speed 26 of a
5 cage in the elevator higher order model system 25. This
speed ripple signal 23 is fed to a signal.converter 24
to make up a xipple suppressing signal 9 which is
supplied to an adder 7 to thereby perform vibraticn
suppression. Then, since the estimation speed 26 of the
10 cage in the elevator higher order model system 25 is
used to extract a speed ripple signal, there is no area
in which a ripple component cannot be detected in a .
certain position of the cage as in the case of the
detection in the electriclmotor portion, so that a
i5 stable effect to suppress vibration can be expected
independently of the position of the cage.

Further, in this embodiment, the actual speed
of the cage is directly detected as a speed signal on
which a ripple is superimposed, and the estimation speed

20 286 of the cage producible in a control board in a |
machine room is used without leading a signal into the
control board, so that there is no fear that any noise
compeonent .1s mixed into;the speed signal from the
outside in signal transfex; and not only there is an

25 effect that it is possible to construct a cage vibration
suppressing system having a high reliability, but also
there is an industrial effect that a special hardware

such as a speed senscr or an acceleration sensor for

is Sheet Has Been R:ﬁace&
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control can be realized with lowered vertical vibration and w thout
speci al cost-up. Mreover, the nunber of the phase and gain adjusting

porttons can be reduced to only one. Enodi nents of the present
i nvention will now be described, by way of exanple, with reference to the.
acconpanyi ng draw ngs, in which:- - 19 +ig. 1 is a diagram

illustrating the whol e _
1 detecting the speed or acceleration of the cage, ¢or the

like becomes unnecessary.
In the embodiment of Fig. 10, the mechanical
system ¢f the higher order model system 25 is consti-

5 tuted by three masses of the cage model 32, the counter
weight model 33 and the traction sheave model 34. This
is designed to simplify the compensation rope system of
an actual mechanical system, so that it is indeed
impossible to observe all the vibration phenomena of

10 wmechanical system resonance frequencies in the actual
mechanical system, but it is possible to estimate at
least primary and secondpry resonances of the rope
system, so that it can be said that it is possible to

_obtain an encugh effect to suppress these vibrations

15 which become particular problems on the comfortable
riding. Purther, as a result of simplifying the
structure in this simple model, the operation in a
microcomputer to estimate the vibration of the cage can
bé completed in a short time, so that thexe is also an

20 .industrial effect to estimate the vibration phenomenon
of the cage without providing any expensive micro-
computer for the operxation.

Further, if éhe mass system of the mechanical
system in the higher order model system 25 is simplified

25 to have only the cage, indeed an estimatable resonance
fregquency on the mechanical system is limited to only
the primary vibration of the rope system, but the time

to operate can be made shorter, so that there is also an

s
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structure of an elevator to which the present invention is applied,

Fig. 2 is a diagramfor explaining the principle of the operation of the

" present invention, Fig. 3is a simulation result diagram show ng
the effect of the present invention, Fig. 4 is a diagram

i Il ustgrating a specific enbodinent of-t2@ signal converter 24,

Flg 5 is a diagramfor explaining the .
1 effect to enable the microcomputer to share other, works

such as another elevator system processing.
If the inertia of the inertia system model 21

in the elevator rigid body model system is made variable

[$3]

in résponse to the present number of passengers in the

elevator cage, or if the spring constant or damping

coefficient which changes correspondingly to the repe
length, and the weight of the cage which changes
correspondingly to the number of passengers in the cage

10 are finely changed in the mechanical system in the
higher order model system 25 in accordance with the
conditions (the pousition, of the cage or the number of
passengers) of the actual machine, it is possible to
improve the accuracy of the estimation speed 17 cobtained

15 from the elevator rigid body mcdél system 15 or the
estimation value 26 of the cage speed, and it is thereby
possible tc make up an accurate ripple suppressing
signal 9 to make it ﬁossible to improve the effect to
stppress the vibration of the cage.

20 A check is made in the inside of the signal
coaverterlZQ as to whether the ocutput thereof, that is a
signal corresponding to the vibration suppression
instruction 9, comes, 6m not, out of the size or fre-
quency estimated in advance as a usual elevator system,

25 and, 'if so, a limit is set in its output, or the output

itself is prevented, or an alarm is gemerated. Then,

there is an effect to realize two important things for

an elevator system, that is, to ensure safety, as well

[T



principle of the operation of the present invention, Fig. 6is a

diagramillustrating a specific enbodinent of the signal converter 24,
Fig."7 is a diagramillustrating a specific

- - 21 -
i as to attain the essential object to improve the
comfortable riding.
Further, in the elevator rigid body model
system 15 and the elevator higher order model system 25

in Fig. 10, the interval to calculate the estimation

(%3

speeds 17 and 27 for making up the speed ripple signal
23 is made shorter than the interval to detect the
detection actual speed 3 in order to feed the ripple
suppressing signal 9 back to the speed control locop in
1¢ =minox, so that it is possible toc realize a rapid

response, and it is possible to cobtain an enough effect
to suppress vibration. ‘.

In order to actuate the function of vibration
suppression, it is effective to provide the function to

15 compensate the frequency characteristic from the adder 7
to the electric motor 11 in the signgl converter 24 in
Fig. 10 for the ripple suppressing signal 9 which
variocusly in accordance with the operation condition of
the elevator in the same manner as shown im Fig. 1.

20 However, a slight time lag is produced in calculating
the estimation speed 26 since the speed including a
ripple component is not directly detected but is
estimated in the higheé order model syétem in the case
of the embodiment of Fig. 10. The phase shift due'to

25 such a time lag is compensated together in the signal
converter 24 in this embodiment. Consequently, the

structure of Pig. 10 can give an enough effect to

suppress vibration.
This Sheet
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-7- .enbodi nent of the signal converter 24, Fig. 8 is a diagram

i I l'ustrating another Fig. 9 is a diagram for explaining the
principle of the operation of the present invention. Fig. 10 is
a dikagramillustrating anot her Fig. 11 is a diagram
i[lustrating another enbodi ment, - 22 -

3 Further, if the power transducer model 30 and

the electric motor model 31 in the higher order model
system 25 are alsoc simplified by first oxder delay or
the like, the effect to shorten the operation time is
5 made obvious by the effect of cooperaﬁion with the

simplification in the elevatoxr rigid body model system
i5. Comsequently, it is possible to conduct two model
operations in parallel by use of an inexpensive
microcomputer, and it is possible to realize the

10 suppression of vibration by a practical hardware
structure.

wWith a band-pass filter provided in the sighal
converter 24, the operation of suppressing vibration in
frequency béﬁds other than a specially tuned frequency

15 can be suppressed in such a structure that the higher
order model system 25 is not always made a strict model
or is difficult to be a strict model. This gives an
effect from the point of view to ensure the reliability
of an elevator system.

20 Fig. 11 shows another embodiment of the
present invention. Elements from a speed instruction 1
to a compensation pulley 36 are the same as those in
FPig. 10. In this embcéiment, an elevator higher order

_m@del system 25 including elements simulating an

25 nélevater mechanical system is provided in addition to an
elevator rigid body model system 15, and a ripple signal
38 which is the difference between a detection actual

speed 3 and an estimation speed 17 obtained from the

“his Sheet Has Been Reﬁlaced

L



An .ebodi nent of a vibration suppression control system of an el evator
_according to the present invention will be described in detail wth
reféerence to. the drawings. Fig. 1 is a block diagramillustrating the
whel e arrangenent of an el evator systemto which the present invention is
appli ed. In Fig. 1, the refergge-nuneral 1 represents a speed

I nstruction; and 2, a speed detector for

1 rigid body model system 15, and a ripple signal 37 which
is the difference between an estimation sgeed 26
cbtained from the higher order model system 25 and the
estimation speed 17 obtained from the rigid body model

5 systeﬁ 15 are obtained as speed ripple signals, both the
ripple signals being switched by a switch 3% to cobtain a
speed ripple signal 23 which is supplied to an adder
point 7 through a signal converter 24.

Here, for example, considexr the case of the

10 cage being near 220m im the graph illustrated in Fig. $.
At this time, the system turns the switch 39 to the
ripple signal 37 which agts as the speed ripple signal
23. The switch is turned onto the ripple signal 38 side
in the case of the cage being at any other position. If

15 a ripple signal source is switched in accoxrdance with
the position of the cage in such a manner, it is-
possible to aveid being unable to detect a ripple
component at a certainm position of the cage (if
vibration is produced in the cage near 220m, it is

20 difficult to detect the state through the ripple signal
38), and it is also possible to use a signal having ’
reliability as high as:possible. Accordingly, it is
possible both to realiée the comfortable riding and to
ensure reliability in an elevator system which is

25 reguired to have particularly high reliability. .

As has been described in the foregoing

embodiment,'there is a frequency characteristic from the

adder 7 to the electric motor 11 with respect to a

“his Sheet Has Been Rﬁ}m
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detecting the actual speed of an elevator system preferably, a pul se
encoder which is directly connected to a rotary shaft of an electric notor
or *Which is friction-driven by a traction sheave 6 or a brake drum

(not -shown) to thereby detect the speed of the electric notor. The
reference nuneral 3 repressnts a detecti @ -actual speed signal obtained by
proceSS|ng the output of the actual speed detector; 4, a conparator for
obt ai ni ngt t Hépede £mm\eer¥?WF’@@9eeﬁl$mt¢%@ i hrangrl ehegain

because of controlling two ripple signals by switching
in this embodiment. Accordingly, a function to adjust
the phase and gain is provided in the signal converter

5 24 to thereby provide stable control to suppress
vibration.

Further, sine the ripple signals are used
alternatively in the embodiment of Fig. 11, it is not
al%ays necessary to perform operation of both the

10 signals in parallel at the same time. Therefore, for
example, only a signal to be used as a ripple signal is
calculated in fegdmforwqxd in accordance with the -
pesition of the cage. Comsegquently, it is possible te
cmit an unnecessary operation processing, so that there

15 is an effect to use an inexpensive microcomputer if the
lead on a processing unit is reduced.

As has been described, according to the
present inventiom, it is difficult to suffer a bad
nfluence such as ncoise mixture from the outside, and it

20 is possible to control the phenomenon of vibration of a
cage while avoiding a special additional device causing
cost up. Accordingly{_it is possible to reduce an
uncemfortable vertical-vibration of the cage caused by a
rope system. Further, it is possible to simplify the

25 adjustment of the gain, phase and so on of a vibration

suppressing signal.

W



detection actual speed signal; 5 a control operation portion such as a

prepartjional integrator or the |like .-8- for constructing a speed
control sys! B Em iaduer2 ok T0-8°r . R=Y (2/79)
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adding a vibration suppression instruction 9 to a torque instruction 8
which is the output of the control operation portion 5; 10, a power

. transducer g such @S.-20s 4 %ﬂ_g‘#L#&,,pnverter or the Ilke;_u,,A £ b ctric
nmot or suct as a glojv[e T ot or, —a DC ot g Ke, - for ~ariving

‘t he el evatQg in rope; 13, . e; counter meight; 35, a
conpensati on roggr%3 a conpensa fropupespalifze an el evator rigid body

.nodel syst§nn [ ncludlng an inertya systen1|n whi ch a Aﬁéganical system
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including a cage, ropes, and so on, is regarded as a perfect rigid body,
and an el ectric systemincluding a driving system a control systen1and SO

on; °16,* a CcQuR QL o T m;@ﬁ5%%_ ining the’ deV|at|on be‘\ 280 (e g§peed
| nstaructi o d—amesti'm ~T7—obrarnedftTomn the €r&vator
regid body nmg s§?§ ncl uding an inertia systen1|n whi ch a nechani cal
system |nclud|ng ¢4 3%, ropes, and SC)F%%.giS regarded as a
5
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perfect rigid body; 18, a controIIOperation portion nodel sinmulating the
- control operation portlon 5; 19, a power transducer nodel simulating the
. ‘pbwer trangdsees nDtor nodel simu e, 1gf or 11;

2%, an i BT T a systenfnn el Th Whi Ch & mechani cal system-— T nc ~a cage,
* r opes, angﬁﬁmjoggx egarded as a erfect rigi-d body; 22, a conparator

for obtaining a % ed ripple signal |ch |g%kpg,deV|at|on bet ween the
. detection actual speed signal 3 and Eﬁe 9st|
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speed 17 obtained fromthe el evator rigid body nodel -9- system
.15; and 24, a signal converter supplied vmth this speed ripple signal 23
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suppressing signal 9.
-the operatlon w | |
the referengesbilp
"1, S3, an—eXal

., ot { e derectt ' p g
-of the e i grpt ed 17 obtained fromthe el evator
i g%@xgﬁpl e of the devrgapg (ﬁf

B 9

system 15; S23,

actual speed signal

e
=
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s

2. Vega
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Ao and

Detrelist,

3 and

In such a configuration,
be described with reference to Fig. 2.
534 @ exanple of the

si gnal

the principle of

In Fig. 2,
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an_exanpl e
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bet ween the detection
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the estimation speed 17; and S9, an exanple of the vibration suppressing
sighal 9 which is the output of the signal converter 24. Then, aripple
of speed i

GoREPANLS L;;_ AL 5,-r. ion of -a nechanlcal SYs).e
i ncr easi ngtdceteas =—Eeet —sTUper——" &
actual speefgBg ?u

g;g. t t bration conponent caused by the vibration of t he
mechani cal systentl ﬁt perlnposed ?g thg estimation
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speed S17 since the nodel is a rigid body. Therefore, according to the
_deviation signal S23 between S3 and S17, the vibration conponent of the
nechani cal sysiemw. .. can de agled-as it is. Next, the glgsal iyS
passed throgg%?@j:%%\?eﬂ er%"MTo conpensate the Tact(ogfs‘z(;?’%‘é‘l ay
t'n the poquggtj.rmsdg er n,17ﬁeor t he electric notor 11, and to performthe
adj ust nent of the % e rr]-or the adjustnment of the gain as in the
signal S9, and the signal S23 is suﬁa’@i-éﬂ to the adder point 7

B 11
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as a mnor loop to thereby construct such a control systemthat the
production of vibration is canceled at the point of the speed detector 2
«by this instruction
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cobnponent . Fig. 3 shows the effect of the present invention by
an“exanple of the result of sinulation. As the conditions of sinulation,

*the state where a driving notor produces not only a driving force but also’
a ,torque ripple when the driving of lifting up is perforned in the case
where t @@ height of a building is 230m the nunber of passengers in a cage
is zero, the cage being running near the uppernost floor, is

LS

et

S3

S17
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sinul ated and the acceleration of vertical vibration produced in the cage
Is calculated. Wthout perform ng any conpensation process according to
‘the present invention, the acceleration of vertical vibration of the cage
is about 0.025m S[err], while the acceleration of wvertical vibration of
@)s about 0.007mf S[err] if the conpensation process is perforned,

the cagde
so t hat is understood the acceleration of vertical vibration is

WITH NO COMPENSATION
TIME t (s)

WiTH COMPENSATION
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inproved into about 1/3. According to this system if a vibration
conponent in a nechanical systemcan be only detected in an el evator
driving notor portion, the vibration conponent can be obtained as the
speed ripple signal 23 as it is since there is no interference signal

sour q@@@or factor fromthe outside to the nodel, and further the production
Frpple in the electric notor portion can be suppressed since the
signal converter 24

 14T2:S
14T1 S

e —————
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Z11- conpensates the characteristic of delay fromthe adder 7 to the
electric notor 11 properly, so that it is also possible to suppress the
unconfortable vertical vibra- tion of the cage whi.ch is hung thereunder.
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Further, according to the method using this elevator nodel system 15,
since a signal to be estinmated is an estimation signal 17 corresponding to
a speed instruction, the frequency characteristic thereof can be said to
be corparatively slow. There is therefore also an effect that as a

m cr o@@put er constructing the nodel, any expensive one having a high
speed processing ability is not always required. Fig. 4 shows a
speci fic enbodi ment of the

GAIN
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construction of the signal converter 24. In Fig. 4, taking into
consideration the characteristic of delay in the elenents fromthe adder 7
to the electric notor 11, a phase |ead/lag adjustnent elenment and a gain
adjust- _pent elenment are built in for properly suppressing the production
of rippk®8 in the electric motor portion. Fig. 5 shows an exanple of the
frequency characteristic fromthe adder 7 to the electric notor 11, in

whi ch the
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char.acteristics (phase as well as gain) of the elevator systemalso
changes in response to the change of the input vibration frequency. In
the case of effectuating the technique of the present invention to the
frequenc band before and after 1.2Hz as an exanple of the primary
vibratlfi}of a rope system the phase lag fromthe adder point 7 to the
product ron of speed is before and after

1.04
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-12. -35, so that the injection of a ripple conponent of the—speed-can

gi ve enough effective suppression of vibration if .

35[err] is set in the signal *converter 24 to conpen
Further, if the conditi.on changes as the]ﬂﬁ

phase | ag.
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cage or the like changes, for exanple., under the condi- tion in which
. Vibration near 7Hz is apt to be produced as an exanple of the secondary
vi bration of the rope systenThiaSheé ' ed €sonance vi bration phenonena
changiggand produced in accor dgj ondition of driving can be
r

|

i it Wb Keghl
are made variable in accordanc Mﬂ%m

supp sed effectively if the ¢gj Entities of the phase and gain
D dition of driving, for

exanple, the quantity of phase | ead being nmade variable to about
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100[.err]. In Fig. 6, a high pass-filter as well as the function
of Fig. 4 is built in to suppress |ow frequency ripples produced by the
detiease of the stationary gain of a control system so that a bad -

i nftuence caused by feeding back a deviation signal with a mnor |oop can
be excluded to provide another effect that a good transient response can

be obtai ned while a usual vibration
[Title of Document] Abstract

[Abstract]
[Object]

The present invention relatgslto elevator
contrel, and its object is to p;ovide a method of
suppressing the vibration of a mechanical system of an
elevator cage.

[Structure]

The structure is such that an elevator model
system (15, 25) is provided im a speed control system (2,
4, 5, 7, 10, 11, 22, 24), and an electric motor (6) is
controlled in accordance with a vibration suppressing
signal decided on the basis of the output of this model and
80 on.

[Effect)

Since it is possible to extract a vibration
component of an elevator cage to thereby perform the
vibration suppressing control by ﬁsimg this ripple signal,
coififortable riding with less vertical vibration can be
realized.

[Selected Drawing] Fig. 1

This Sheet Has Been R eﬁ

LU



>

Therd

adj ust nent

and so o Eg,re"adjusted onl |nﬁ§D;
in b Deamkiptions PAYSA br'at PATISSUBHT bssi ng s W@m@mg(@ paged 1 £0 page
a Cvanm(s) pag@d ,,,,,,, ,

i n_order

suppressnnn efleet—+s erTSuT el
D PSS easBB) si

nce it

pghal conveny gﬁm

i0

i5

20

25

ELEVATOR SYSTEM .

The present invention relates to an elevator
systéﬁ, and particularly relates to an elevator system
having a vibration suppressing device whiéh can provide
comfortable ride. |

In JP-A No. 60-254201 (JP-B No. 3-30161,
Japanese Patent Application No. 59-110264), there is
disclosed & control system comprising an operation
mechanism for operating an object to be controlled in
accordance with an operation guantity instruction value,
a detector for detecting a control gquantity of the
cbject to be controlled, and a control operation porticn
supplied with a control guantity detection value from
the detector and the control guantity instruction value
for cutputting the operation quantity instruction value,
wﬁeraimla signal of deviation of a control quantity '
détection value from an control guantity instruction
value is supplied as an input, and a deviation of the
control quantity from & control quan@i@y estimation |
valu@ obtained as a result @ﬁ @pe:aﬁien from an
operation quantity ;ns€:uction to 2 detection value
through a model is added in an @p@r@ti@ﬁ_gu&n@ity
instruction ialugfp@rtian to thereby improve the
pezfggméﬁce'againsﬁ disturbance. Ehaﬁ is, there is such
a proposal that the control operation portienioﬁtpﬁts;"

as an operation quantity instruction value, a difference
“’ﬂ’ms is the v@p ac@m@m sheet
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- 13 - As for another enbodi nent, nore preferably as shown
in Fig. 7, a band-pass filter is provided in the signal converter 24 in
order to cut off conponents other than a frequency band f[err] which is a
target of vibration suppression, so thaf the operation of a main route
for injecting a ripple signal can be TmfleTinvalid to

1. (B-A) between a value A obtained from a contyxol gpantity
detection value through a desired transfer function
G,(s), and a value B obtained through a transfer functien
{G,({8)°Gy(8)+1} which is obtained by adding "1” to a ﬂ

5 tgansnféz: functiéﬂ G,(8)°Gy(8s) which is a product between
é transfer function G&(s) and a transfer function G (s)
which simulates a tramsfer function G (s} from the
operation quantity instruction value to the control
guantity detection value, at an output of a control

10 amplifier which is supplied with a control gquantity
detection value and a ccntrollquantity instruction
value, thereby improving, disturbance response without
changing instruction value response.

According to JP-A Nc; 52-43246, 61-203081,

15 61-27882, 62-211277, etc., there is such a proposal that
2 vibration component of an elevator cage is detected
directly, and this component is fed back to a speed
control device to thereby suppress the vibration of the
cage. '

20 Héwevgr, according to the above-mentioned
fizrst prior art, since alsc a vibration disturbance
component is alxeady'm;xed into an ogezation.instﬁucti@n
value which is an inpué signal to the model, a control
quantity estimétién value obtained .as an apszéti@n

25 result through the model concaing_éibémééﬁent_@f the

- value estimated_upon.the control guantity instruction
and a c@mp@naﬁt'@f the value estimated upon the

disturbance component. Accordingly, the value obtained
o | o This is the replacement sheet
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frequency bands other than the frequency which is a target of vibration
suppression to thereby nmake it possible to nearly ths&aﬂﬁas sag
i nfl uence of the main route to the other frequency bHHI.

Further, in the case where there are a plurality of e Vil
resonance frequencies ained on vibratigngsuppression, ap uralrty of
signal converters 24-1 and 24-2 and signal injection routes effective to
the respecti yg b edudiideeddsighelPt8vadedntrol guantity, detection

value camnot be an instruction for eliminating

disturbance in.the control guantity detection portion.
That is, even considering the case in which a control

5 quanéity estimation value and a control quantity
detection value are ideally-coincident in phase
relationship with each other, a component causing a
disturbance suppressing signal is expressed by (the
control quantity estimation value - the control quéntity

10 detection value), which is a value different from that
to be used as a disturbance suppressing signal, and gain

correction or the like bgcomes therefore necessary.

Further, if a control guantity estimation value and a

control quantity detection value are not coincident with

15 each other in phase relationship, signal components
other tham a reference signal relating to a disturbance
component (components the phase and size of which change
correspondingly to the phase difference, and so on) are
mixed into a disturbance suppressing signal, so that it

20 becomes difficult to effectuate the suppression of
vibration strongly because of the production of other
bad influences as well as the mixture. Further, for
adjustment of the gain; phase, and so on, it is neces-
sary to provide two adjusting portions, one where a

25  control guantity estimation value and a control quantity
detection value are made coincident with each other . in
phase relationship, and the @tner where a deviation

signal between the control quamt&ty estimation value and
This is ?h& seplacement sheef
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as shown in Fig.

: f fhis Sheet tas ppression control sharihg t he frequency bands
is performe ,u:*“r'.

hefier effect that it is possible to realize
confortable r L #lls al ways stabl e agai nst vibrations of various
frequenci es cEHUEHBQESRY A MOMEr al ity of inertia systens such as an el evator.
Further preferably, if band-pass filters-whieh allow different target

frequency vibration suppressing signals to pass are built in the signal
convertersl 24the control quantity detection value is adjusted in )

gain, phase and so on. Accordingly, the adjustment is

extremely difficult because of the correlation of these

2

_ portions.
] ' On the other hand, accoxding to the

above-mentioned second prior art, various devices have
been provided for directly detecting & vibration
component of an elevator cage 8o as to use this
component as a signal for controlling the suppression of

10 wvibration, but there have been a lot of problems in
practical use, for examgl@; in the points how toc ensure
the reliability of an acceleration sensor itself, how to
eliminate noises superimposed on a signal line wired up
to a control device in a machine room located @ﬁ the

15 uppermost floor several hundred meters away from the

sensor, and so on.

least wmitigate the foregoing purblems of the pricr arts, and to
provide an elevator system which can reduce uncomfort-

20 able vibration of a cage.

According to an'aspecﬁ of the pxes@ﬁt
invention, the eievatog system has an elevator model
supplied wi%h an elevaéor speed instruction, and means
for supplying a speed control loop with a compensation

25 signal corresponding to the output of the model to
thereby control an electric motor by a vibration

suppressing signal decided on the basis of the output of

the model and so on. o L
| | This is the replacemsnt shoof




and 24-2 for the frequency sharing control, it is possible to prevent a
bad i nfluence to other frequency bands through the plurality of signal
i nj ection routes. - Although the elevator rigid body nodel system

- 14 - -5 -

1 The vibration suppressing signal is made up by
use of the elevator model supplied with an elevator
speed instruction, and the means for supplying the speed
control loop with the output of this model, and so on.

5 The vibration suppressing signal is used for speed
centrol so that bad influences such as 2 noise mixture
frem the cutside, are sc reduced that the elevator speed
control can be realized with lowered vertical vibration
and without special cost-up. Moreover, the number of

16 the phase and gain adjusting portions can be reduced to

only cone.
Embodiments of, the pxeseﬁt invention will now

be described, by way of example, with reference to the
accompanying drawings, in which:-
15 Fig. 1 is.a diagram illustrating the whole
structure of an elevator to which the present invention
. is applied,
Fig. 2 is a diagram for explaining the
principle of the operation of the greSeng invention,
20 Fig. 3 is a simulation result diagram showing
the effect of the present invention,
Fig. 4 is a diagram illustrating a specific
embodiment @f the signél converter 24,
Fig. 5 is a diagram for explaining.the
25 principle of the operation of the present iavention,
Fig. 6 is a diagram illustx@ﬁing a specific
'embgdiment of the signal converter 24,
Fig. 7 is a diagram illustrating a specific

This is the replacement sheat
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15 ‘and t'he signal converter 24 are illustrated in Fig. 1 as if they are
provi ded separately froma usual speed control system if they are
constituted by a software in a mcroconmputer for elevator control in the
same nmanner as the conparators 22 and 4, the control operation portion
5, and so on, it is possible to construct=a® =control system which is

strong agai hst noi ses or t like. O course, eyen if they are
const ruct edt byém%ﬂ“entciﬁ%lﬁ}l% shonak ?‘?ﬁ?k%g?ﬁ%%pégdent ly of a control
opera- Fig. 8 is a diagram illustrating another

» '3

t anvention,

F Ry

embodiment of the px

fig. 9 is 2 diagram for explaining the

5 principle of the operation of the present invention.

Fig. 10 is a diagram illustrating ancther

embodiment of the invention, and
Pig. 11 is a diagram illustrating another

'@mbcdiment,
i0 An embodiment of a vibration suppression
. control system of an elevator according to the present
invention will be descriped in detail with reference to.
the drawings. Fig. 1 is a block diagram illustrating
the whole arrangement of an elevator system to which the
15 present inventiom is applied. -
In Fig. 1, the reference numeral 1 represents
a speed instruction; and 2, a speed detector for
detecting the actual speed of an elevator system,
preferably, a pulse encoder which is dizectly'connected
20 - to & rotary shaft of an electric motor or which is
friction-driven by a traction sheave § or a brake drum
(not-shown) to thereby detect the speed of the electric
motor. The reference ﬁumeral 3 represents a detection
actual speed signal obtained by processing the output of
'25 the actual speed detecte£; 4, a comparator for cbtaining
the deviation between the speed instruction and the |
detection actual speed signal; 5, a control operation

portion such as a proportional integrator or the like

Trus is the repiacement shest
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tion portion such as a proportional integrator and so on constituting a
speed control system there is no fear that the effect of vibration
suppressi on of the present invention is lost, and in this case, there is
no limt on the speed of processing which usually cones into problemin
the case of a software, resulting in anofhér™ effect that the frequency of

vibration ai myd 0% on ALY £ BBEESSEELERT BFsPERINIS P aliRed ol
adding a vibration suppression instruction 9 toc a torque
instruction 8 which is the output of the control’
operation portion 5; 10, a power transducer such as an

8 inveéter, a converter or the like; ll, an electric motor
such as an induction motor, a DC motor, oxr the like, for
driving the elevator; 12, a main rope; 13, a cage; 14, a
counter weight; 35, a compensation rope; 36, & compensa-
tion pulley; 15, an elevator rigid body model system

10 including an inertia system in which a mechanicael system
including a cage, ropes, and so on, is regarded as a
- perfect rigid body, and an electric system including a
driving system, a control system and so on; 16, a
comparator model for obtaining the deviation between the
i5 speed instruction 1 and an estimation motor speed 17
obtained from the elevator rigid body model systen
including an inertia system in which a mechanical system
including a cage, xropes, and 80 on, is regarded as a
‘perfect rigid bodj; 18, a control operation portion
20 model simulating the contrel operation portion 5; 19, a
pewer transducer model simulating the power transducer
10; 20, an electric motor model simulating the motor 11;
21, an inertia system ﬁgdel in which & mechanical system
including a cage, ropes, and so on, is regarded as a |
25 perfect rigid bedy; 22, é comparator for cbtaining a
speed ripple signal 23 which is the deviation between
the deéeeti@n actual speed signal 3 and the estimation

speed 17 obtained fgcm the elevator rigid bcdy model
o This Is the seplacemant shaot
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frequency area. Further, in order to detect a deviation signa
bet ween a nodel and the actual speed in Fig. 1, the actual speed of an

el evator systemis detected by a speed detector friction-driven on the
shaft end of an electric notor or on the circunference of a traction
sheave. Accordingly, the actual speed can™ b® Tsed in common with an actual

speed signal d f
speed signal USeSebal 183580 Yo, PULAEL" EShvefet "Bhpblfed! 32h LRGN N0

sp@e@'ripyle signal 23 to thereby form the vibration
suppressing signal 9. _
In such a configuration, the principle of the
3 @p@xéﬁi@n will be described with reference to Fig. 2.
in ?ié. 2, the reference numeral Sl represents an
example of the speed instruction 1l; S§3, an example of
the éetectien actual.spge& signal 3; S17, an example of
the estimation speed 17 obtained from the elevator rigid
10 body model system 15; S23, an example of the deviation
signal between the detectiom actual speed signal 3 and
the estimaticn speed l?;,aﬁd $9, an example of the
vibration suppressing signal 9 which is the output of
the signal converter 24. Then, a ripple of speed
15 accompanied with the %ibxaﬁion of a mechanical system
during increasing/decreasing of the speed is supex-
imposed on the detection actual speed 83, but a
vibration component caused by the vibration of the
méchanical system is mnot superimposed on the estimation
20 speed S17 since the model is a rigid body. Therefore,
according to the deviatiocn signal 523 between §3 and
S17, the vibration component of the mechaﬁical system
can be extracted as it is. Next, the signal S23 is
' passed through the signal converter 24 to compensate the
25 faatéz of delay in the power transducer 10 or the
electric motor 11, and to perform the adjustment of the
phase ¢ or theladjgstment of the gain as in the signal

§9, and thé.Signal $23 is supplied to the adder point 7
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line is short-.enough to reduce the p055|b|I|ty of
IR

as a minor loop to thereby construct such a coatrgl

circuit, or a signal
noi se m xture, resulting in an effect to ma
construct a systemhaving a high reliabi:lity suitable .ﬂ’,ﬂ

1
system that the pﬁ@duction'of vibration is' canceled at
the p@int.cf thé speed detector 2 by this instruction
‘component. ' |

5 Fig. 3 shb&s the effect of the present

invention by an example of the result of simulation. As

the conditions of simulation, the state where a driving
motor produces not only a driving forge_but alsc a
torgue ripple when the driving of lifting up is

10 performed in the case where the height of a building is
230m, the number of passengers in a cage is zero, ‘the
cage being running near the uppermost floor, is.
simulated and the acceleration of vertical vibration
.produced in the cage is calculated. Without performing

15 any compensaticn process according to the present

inventiocn, the acceleration of vertical vibration of the

cage is abagﬁ 0. @25m/$2, wh&&e +the acceleration of
vertical V&b@&t&@ﬂ of the cage is about £0.007m/S? if the
compensation process is performed, sc that it is

20 understood the acceleration of vertical vibration is

improved inte about 1/3. Accoxding to this system, if a
vibratiéﬁ component in a mechanical system can be only
detected in an elevator dﬁiwing motor pcztigﬁ, the
vibration component can be obtained as the speed ripple
signal 23 as it is since there is no interference signal
source or factor from the cutside to the mcdel, and
further the preduction of a ripple in the electric motor
p@fti@n can be suppressed since the signal cenverter 24

- Tris is the replacement sheat
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Further, if the actual speed of a cage is used as an act ual speed to be
used for calculating a deviation signal fromthe estimation speed 17
obtained fromthe nodel system 15, indeed the systemmay be slightly

weakened in noises fromthe point of viewof wring a long signal line up
to a.machine room but the vibration suppressing conponent of the cage can

be  det ect ed ghlbnQUed N &' @ AlcAl-ELEYA 8 RB33PIZYRY Bhe adder 7

to the electric motor 11 properly, so that it is also
: S

possible to suppress the unccmfcrtablé vertical vibra-

tion of the cage which is hung thereunder.

8 , Further, according to the methed using this
elevator model system 15, since a signal to be estimated
is an estimation signal 17 corresponding to & speed
instruction, the freguency characteristic thereof can be
said to be comparatively slow. There is therefore alsc

10 an effect that as a microcomputer constructing the
model, any expensive one having a high speed processing

ability is not always rggquired.
pbodiment of the

Fig. 4 shows a specific &
construction of the sigmnal converter 24. In Fig. 4,

15 taking into consideration the characteristic of delay in
the elements from the adder 7 toc the electrie motor 11,
a phase lead/lag adjustment element and a gain adjust-
ment element are built in for properly suppressing the
production of ripples in the electric moter portion.

20 Fig. 5 shows an example of the freguency characteristic
from the adder 7 to the electric motor 11, in which the
characteristics (phasg as well as gain) of the elevator
system also changes in response to the change of the

_ input vibration freguency. In the case of effectuating

25 the technique of the present inventi@n to the fregquency
band before and after 1.2Hz as an example c¢f the primaxy
vibratign-cﬁ a rope system, the phase lag from the adder

:paiﬂt 7 to the prOGucﬁion of speeﬁ;is before and after
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shown in Fig. 9 differently fromthe case of detection in an electric
notor portion, so that the effect to suppress the vibration of the cage
can be expected all over the area of the el evator passageway. This is
because there is a difference in easinessgjn_detection -of a vibration
conponent with respect to the position of the cage betmeen the case of
indirect detecison &6 that ehecihijection ol iipply dditpapest 0bf dthect
detection in the cage portion as shown in detail in Flg "9, and

speed can give enough effective suppression of vibration

if the phase lead of about 35° is set in the signal
converter 24 to compensate this 35° of phase lag.

5 ?urtﬁerw if the c@nditién changes as the position of the
cage or the like changes, for example, under the condi~
tion in which vibration near 7Hz is apt toc be produced
as an example of the secondary vibration of the rope |
system, a plurality of resonance vibration phencmena

10 changed and produced in accordance with the condition of
driving can be suppressed effectively if the ccgreéti@n
quantities of the phase and gain are made variable in
accordance with the condition of driving, for example,
the guantity of phase lead being made variable to about

15 100°.

In ?ig..s, & high pass-filter as well as the
function of ¥ig. 4 is built in to suppress low frequency
ripples produced by the decrease of the staﬁionary gain
of e control system, SO that a bad influence caused by

20 feeding back a deviation signal with a minor loop can be
excluded to provide another effect ﬁhét a good transient
response can be obtained while a usual vibration
suppression effect is énsurgd.

| There is also another effect that'adjustmenﬁ

25 can be ?erf@:med easiiy“sihée it goes well if the phase,

gain and 80 on are adjgsggd only in the signal converter

24 as mentioned above in order to make up a vibration

suppressing signal 9;_
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because in _the case of the detection in the electric notor portion there
Is an area in which the vibration conponent can be hardly detected in the

vicinity of 220m as is apparent fromthe result of calculation. _
Therefore, if a signal detected in the electric notor portion and having

hi gh resi stance against noises is used pnogpally while a signal detected
in the cage portion is switchably selectively used in an :

1 As for another embodiment, more pxeferably as
shown in Fig. 7, a bandagass filter is provided in the
signal comverter 24 in orxder to cut off components other
than a f£requency band £, which is a target of vibﬁatien

5 suppﬁessi@n, so that the operation of a main route for
injecting a ripple signal can be made invalid to
frequency bands other than the freguency which is a
target of vibration suppression to thereby make it
pocssible to nearly eliminate a bad influence of the main

10 route to the other freguency bands.

.Fuztﬁer, in the case where there are a

plurelity of mechanical system resonance frequencies .
aimed on vibration suppression, if a plurality of signal
converters 24-1 and 24-2 and signal injection routes

15 effective to the respective freguency bands are provided
as shown in Fig. 8, and if suppression control sharing
the fﬁéguéﬂ@y bands is performed, there is another
effect that it is possible to realize comfortable riding
whiich is always stable against vibrations of various

20 fregquencies caused by a plurality of inertia systems

such as an elevator.
Further @geﬁgrably; if band-pass filters which

allow different target frequency vibration suppressing

signals to pass are built in the signal converters 24-1
25 and 24-2 for the frequency sharing control, it is

possible to pzévent a bad influence to other frequency

bands through the plurality of signal injection routes.

- ) . Although the elevator rigid body model system
E‘ o | SR This ig the repiacemsnt sheet
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afea, f'or exanple in the vicinity of 220m where
16 vibration is hardly detected in the electric notor portion,

another effect that it

there is
is possible to construct a totally high reliable

system surtable to an
: - 13 =

fet

[

20

25

15 and the signal comverter 24 arxe illustrated in, Fig. 1
as if they are provided separately from a usual speed
control system, if theg are c@nstiﬁﬁt&d by & software in
a microcomputer for elevator control in the same manner
as the comparators 22 and 4, the control coperation
portion 5, and so on, it is possible to construct a
centrol system which is strong against noises oxr the
like. Of course, even if they are comstructed by analog
circuits or the like independently of a contrxol cpera-
tion portion such as a prpp@rti@nal integrator and so on
constituting a speed control system, there is no fear
that the effect of vibration suppression of the present
invention is leost, and in this case, there is no limit
on the speed of processing which usually comes into
problem in the case of a software, resulting in another
effect that.ﬁhe fregquency of vibration aimed on
vibration suppression can be expanded up to a high

frequency area.
s Further, in order to detect a deviation signal

between & model  and the actual speed in Fig. 1, the
actual speed of an el&vator system is detected by a
speed detector fr&»tgaﬂmd @v@n on the shaft end of an

electric motor or on the circumference of a traection

sheavee Accoxrdingly, the actual speed can be used in

common with an actual speed signal used for gsganbgal

speed ccntrol, so that the signal fetchgng to a ceatrol

eircuit, or a signal line is short @n@uqh to reduce the

possibility of noise muxture, xesultlng in an effect to
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el'evatgr. In Fig. 9, the result .of-calculation is FH: 88l eb S0
the floors |ower than the mdst one. Furt her DI (O
view of the change of gain, the gain Kin Figs. 4 and GIHH Nl 1

in accordance with the position of a cage or the quanti OREEn
(not-shown) in order to operate a vi bra-- %4 on suppression control system

stably since the
1 make it possible to construct a system having a high

reliability suitable to an elevator.
Purther, if the actual speed of a cage is used
as an actual speed to be used for calculating a
s d@viéticn'signal from the estimation speed 17 obtained
from the mcdel system 15, indeed the system may be
slightly weakened in noises from the point of view of
wiring & long sigmal line up to a machine room, bﬁt the
vibration suppressing component of the cage can be
10 detected all over the area of an elevator passageway as
shown in Fig. 9 differently from the case of detection
in an electric motor portion, so that the effect to
suppress the vibration of the cage can be expected all
over the area of the elevator passageway. This is
15 because there is a difference in easiness in detection
of a vibration component with respect to the position of
the cage between the case of indirect detection in the
electric motor portion and the case of direct detection
ifi the cage portion as shown in detail im Fig. 9, and
20 because in the case of the detection in the electric
motor porticn there is an area in which the wvibration
component can be hardly detected in the vicinity of
220m, as is apparent from the result of calculation.
Therefore, if a signal detected in the
25 electric motor portien and having high resistance
against noises is used negmaily while a signal detected
in the cage portion is switchably selectively used in an
area, for example in the vicinity of 220m, where

_ Thés is the replacement sro@eii
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easiness in detection of, vibration, that is, the gai n of . ~ detection
changes in accordance with the position of the cage or the quantity of
passengers as well as the frequency characteristic fromthe adder 7 to the

el ectric motor 11 shown in Fig. 5, as is fgparent from Fig. 9. In this
manner, vibration suppression can be contfolled stably independently of

LD OPeT 28,k oy ey b B 18 B olecibOile to obtair
portion, there is another effect that it is possible to
construct a totally high reliable system suitable toc an
elevator. 1In Fig. 9, the result of calculation is

5 omitted with respect to the floors lower than the midst
one. |
Further, from the point of view of the change
of gain, the gain K in Figs. 4 and 6§ is made variable in
accordance with the position of a cage or the guantity
10 of passengers (not-shown) in order to operate a vibra-
tion suppression control system stably since the
easiness in detection of, vibration, thet is, the gain of
detection changes in accordance with tﬁe positiocn of the
cage or the guéntity of passengers as ﬁell ag the
15 f£requency characteristic from the adder 7 to the
electric motor 11 shown in Fig. 5, as is apparent from
Fig. 5. In this manner, vibration suppression can be
controlled stably independently of the operxation
condition of the elevator, sc that it is possible to
20 obtain comfortable riding. Specifically, if the values
of K with respect to various positions of the cage or
various guantities of passengers are described in &
table in advance, and if this table is searched on the
basis_eﬁ the position of the cage or the quantity of
25 passengers, it is possible to complete the processing in
' -a short time, and it is péssiblg to expand the area in
which vibraﬁien.sugpzessi@n can b@.ecntr@lledo .Furthér,

if the value of K is calculated each occasion, there is
) . | This i8 the replacement sheet




of passenger Y agk
searched on -t ik
1)

passenger s,

it

is

S p055|blé to expand the area in
controll ed.

10

i5

20

25

Furt her,

various quantities

;kim%n a table I n advance, and If this table is
i Mhe position of the cage or the quantity of
8l t o conplete the processing in a short tine, and

whi t@ wibration suppression can be

if the value of K is cal cul ated each occasion, there

another effect that the memory for the table can be
omitted though it takes somewhat long time for
calculatienm. |

Further, the inertia system model 21 of the
elevator Sigid body model system 15 in Pig. 1 may change
its inertia component in accordance with the positicn of
the cage or the qgantiﬁy of passengers. This change
produces a non-vibration component erxor of speed
between the estimation speed 17 and the detection actual
speed 3, and mixes an unnecessary component like a bias
component inte the ripple signal 23 of speed. There-
fore, according to the present invention, the inertia
component of the inertia system model 21 of the elevator
rigid body m@@é; system 15 is made to change in accord-
ance with the position of thé cage or the guantity of
passengers. (onsequently there is another effect to
realize a stable vibration suppression without respect
to the driving condition of an elevator.

‘ Further, according to the embodiment of Fig.

1, it goes well if the elevator rigid body model system
15 estimates only a component including no vibration
cemponent or the like of tha.sgeed produced by a speed

instruction, that is, only a component corresponding to

. @ so-called fundamental wave component, so that & strict

simulation is not always required on the m@del There-

fore, the pewer transdmcgg m@d@l 19 and the electric

motor model 20-are not made up in detail, but approxi-

mated to an extent of first order delay. As a result,
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- 17 - another effect that the nenory for the table, can be onitted

t hough it takes somewhat long tinme for cal cul ati on. This Sheetlias Bleg Replaced
the inertia systemnodel 21 of the | ”"’,,“,m””"m"
~ 17 = | -
1 it is possible not only to economize the memory space

i0

15

20

23

required for the models, but also to simplify their
operations, so that there is an industrial effect to
make it pcssible to use an inexpensive microcomputer.

Further, if the interval to detect a detection
actual speed for the operation of deviation from the
estimation speed 17 is made shorter than the interval to
detect & value for use in the comparator 4, the vibra-
tion suppressing signal 9 can be supplied té a control
system at a short interval, and the fr@quéncy band on
vibration suppression can be expanded on the high
frequency side, so that there is an effect to expand the
effect of vibration suppression against higher £frequency
vibration.

Fig. 10 shows another embodiment of the
presené invention. Elements f£rom a speed instruction 1
to a signal converter 24 are the same as those in Fig.
1. In this embodiment, an elevator higher order model
system 25 including an element simulating an elevator
mechanical system is also provided in addition to the
@1@vét@r'zigid body model system 15. This elevator
higher oxder model system 25 is constituted by a |
comparator model 28 for compering an estimation speed 27
in the electzic m@tox.pcftion with the speed instruction

1, a control operation model 29, a power transducer

- medel 30, an electric motor model 31, a éage model 32, a

counter weight model 33 and a traction sheave model 34.

Further, a speed rigplg signal 23 is obtained not by the
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el'evat or rlgyd‘bod nodel system15 in Fig. 1 may change its inertia
conponent Tn”fg“fwtﬁfi> platedt he position of the cage or the quantity of
passengers. et el (5 duces a non-vi bration conponent error of speed
bet ween the esglilaEI) d 17 and the detection actual speed 3, and
m xes an unnecessary conponent |ike a bgaig conponent into the ripple
signal 23 of speed. There- fore, according to the present invention,

inertia qomM@PeRbrehckhBetitelh ans WitSRIOAS) Sdedd iPchf €YE!GE the
rigid body model and a detection actual sSpeed 3, but by

t he

the difference between the estimation sgeed_17 by use of
the rigid body model and an estimation speed 26 of a
5 cage in the elevator higher order model system 25. This

speed ripple signal 23 is fed to a signal coaverter 24
to make up a ripple suppressing signal 9 which is
supplied to an adder 7 to thereby perform vibration
suppression. Then, since the estimation speed 26 of the

10 cage in the elevator higher order model system 25 is
used to extract a speed ripple signal, there is no area
in which a ripple componegnt cannot be detected in a .
certain position of the cage as in the case of the |
detection in the electric motor portion, so that a

15 stable effect to suppress vibration can be expected
independently of the position of the cage.

Further, in this embodiment, the actual speed
of the cage is directly detected as a speed signal on
which a ripple is superimposed, and the estimation speed

20 26 of the cage producible in a comntrol board in a
machine room is used withéut leading a signgl into the
contrel board, so thgt there is no fear that any noise
component is mixed intc'the_Spegd signal from the
cutside in signal ﬁransﬁer; and not only there is an

25 effect that it is possible to construct a cage vibration
suppressing system having a high zreliability, but also
there is an industrial effect that a special hardware

such as a speed sensor or an accele:at;@n sensor for
' This is the replacement sheat
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rigid body nodel system 15 is made to change in accord- ance with the
position of the cage or the quantity of passengers. Consequently there is
anot her effect to realize a stable vibration suppression w thout respect
to the driving condition of an el evator. Further, according to
t he enbodinent of Fig. 1, it goes well” i%® the el evator r|g|d body nodel

system lf’ 'é%t;mgo %ﬁé aspceoég) 8¥ nécééiéﬁgﬁfgn "¢ V{:Héaéjégé, or the
like becomes unnecessary.
In the embodiment @f Fig. ‘18, the mechanical
system of the higher order model system 25 is consti-

5 tuted by three masses of the cage model 32, the counter
weight model 33 and the tzact;on sheave model 34. This
is designed to simplify the compensation rope system of
an actual mechanical system, so that it is indeed
impossible to observe all the vibration phgnamena of

10 mechanical system rescnance frequencies in the actual
mechanical system, but it is possible to estimate at
least primary and seé@n@axy resonances of the rope
system, so that it can be said that it is possible to

_obtain an enough effect toc suppress these vibrations

15 which become particular problems on the comfortable
riding. Further, as a result of simplifying the
structure in this simple model, the operation in a
microcomputer to estimate the vibration of the cage can
bé completed in a short time, sc that there is also an

20 _indusﬁrial effect to estimate the vibration phencmenon
of the cage without providing any expensive micro$
computer for thafspe;aﬁien.

_ Further, if the mass system cf the mechanical
system in the higher order model system 25 is simplified

25 to have only the cage, indéed'an estimatable resonance
frequency on the mechanical system is Limiﬁad to only
the primary vibration of the rope system, but the time

te @p@ﬁat@ can be made shorter, so that there is also an

“This is the replacement sheat
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conponentfmsﬂngggagggég jne speed produced by a speed instruction, that
I's, only af|sgEpL ﬁj esponding to a so-called fundanental wave
conponent, }:lﬁ 57[ct simulation is not always required on the
nodel . Ther B84 T power transducer nodel 19 and the electric notor

nodel 20 aréihoyiﬁade ub in detail, but ap@loxi- mated to an extent of
first order delay. As a result,
1 effect to enable the microcomputer to share other, works
such as anocther elevator system processing.
If the inertia of the inertia system model 21
in the élévatei rigid body model system is made variable
5 in zésp@nse to the present number of passengers in the
elevator cage, or if the spring constant or damping
coefficient which changes correspondingly to the rope
lgmgth, and the weight of the cage which changes
correspondingly to the number of passengers in the cage

10 are finely changed in the méchan;cal system in the
higher oxder model system 25 in accordance with the
conditions (the position, of the cage or the number of
passengers) of the actual machine, it is possible to
improve the accuracy of the estimation speed 17 cbtained

15 £from the elevator rigid body model system 15 or the
estimation value 26 of the cage speed, and it is thereby
possible to make up an accurate ripple suppressing
signal 9 to make it possible to improve the effect to
stppress the vibration of the cage.

20 A check is made ln the inside of the signal
converter 24 as to whether the output thereof, that ;s a
signal corrxesponding to the vibraticn suppression
instruction 9, comes, ér not, out of the size or fre-
quency estimated iﬁ advance as a usual elevator system,

25 and, if so, a limit is set in its output, or the output
iﬁself is preveﬁggd, or én alarm is genezéted. Then,
-there is an effect té gaalize two important things for

an elevator system, that is, to ensure safety, as well
‘This is the replacement sheat




-18- it is possible not only to econonize the nenory space required for
the nodels, but also to sinplify their operations, so that there is an
i ndustrial effect to nmke it possible to use an |nexpen5|ve m croconput er.

Further, if the |nterval to detect a detegilon

i as to attain the essential cbject to im@revé:the )

comfortable riding.
Further, in the elevator rigid bedy model

system 15 and the elevator higher order model system 25

5 din Fig. ig, the interval to calculate the estimation
speeds 17 and 27 for making up the speed ripple signal
23 is made shorter than the interxrval to detect the
detection actual speed 3 in order to feed the ripple
suppressing signal 9 back to the speed control loop in

10 minor, so that it is possible to realize a rapid
r@sp@nse, and it is possible to obtain an encugh effect
to suppress vibration. , |

In oxder to actuate the function of vibration
suppression, it is effective to provide the function to

18 compensate the fregquency characteristic from the addexr 7
to the electric motor 11 in the signel comverter 24 in
Fig. 10 for the ripple suppressing signal 9 which
variously in accordance with the operation condition of
the elevator in the same manner &8s shown in Figg i.

20 However, a slight time lag is produced in calculating
the estimation speed 26 since the speed including a
ripple component is not directly detected but is
estimated in the higher order model system in the case
of the embodiment of Fig. 10. The phase shift due to

25 such a time 1&@ ie compensated t@gethex in the signal

converter 24 in this embodiment. .Conseguently, the

structure cﬁ'Fig. 10 can give an enough effect to

suppress vibration.
" This ie the replacement shaet
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actual-' speed for the operation of deviation fromthe estination speed 17
s made shorter than the interval to detect a value for use in the

conparator -4, the vibra- tion suppressing signal 9 can be supplied to a -
control systemat a short interval, and the frequency band on vibration

suppr essi on can be expanded on the hi gh~ #Requency side, so that there is

ffect to expand the effect of vibration suppressi on agai nst hi gher
A e ee 0 P Further, if the power tégﬁsducéﬁ mgde; 3¢ agd.

frequencyl’vibration.
the electric motor model 31 in the higher order model

- system 25 are also simplified by first order delay or
the like, the effect to shorten the operation time is
5 made obvious by the effect of coogezatiqﬁ with the
simplification in the elevator xigid body model system
13. Cons@qn&nﬁly, it is possible to conduct two model
operations in parallel by use of an inexpensive
microcomputer, and it is possible to realize the
10 suppression of vibration by a practical haxdware
- structure.
wWith a bandégass filter provided in the signal
converter 24, th@'cpexation of suppressing vibration in
frequency béﬁds other than & specially tuned frequency
15 can be suppressed in-sugh'a structure that the higher
order model system 25 is not always ﬁade 2 strict model
or is difficult to be a strict model. This gives an
effect from the point of view to ensure the reliability
of an elevator system. i
20 | Fig. 11 shows another embodiment of the
present invention. Elements from a speed instruction 1
to & compensation §ullgy 3é are the same as those in
Fig. 10. In this embodiﬁent, an elevator higher order
| .model system 25 including elements simulating an
25 elevator mechanical system is prcyidéd in addition to aﬁ'
| elevator rigid body model system 15, and a ripple signal
| 38 which is the difference between a detection actual

speed 3 and an estimation speed 17 cbtained from the

This ie the f@@ﬂ@é@‘m@m sheat




Fig. 10 s

dpis She

a speed’ N
Fig. 1%!
i ncl udi

enbodi nent .of the present invention. Elenments from
Aya 0 a signal converter 24 are the sanme as those in
: ugEinent, an el evator higher order nodel system 25

#bi nul ati ng an el evator nechanical systemis also

provided‘Th a dif?b "to the elevator ricgi*d body nodel system 15. This
el evator hi gher order nodel system 25 is constituted bg a
ignal 37 which

1

10

15

20

25

rigid body model system 15, and a ripple
is the difference between an estimation speed 26
obtained from the higher order model system 25 and the
estimation speed 17 obtained from the rigid body model
Systéﬁ 15 are @btaiaed as speed ripple signals, both the
ri?ple signals being switched by a switch 39 to obtain a
speed ripple signal 23 which is supplied to an adder
point 7 through a signal converter 24..

Here, for example, consider the case of the
cage being near 220m in the graph illustrated in Fig. 9.
At this time, the system turns the switch 39 to the
ripple signal 37 which agcts as the speed ripple signal
23. The switch is turned onto the ripple signal 38 side
in the case of the cage being at any other position. I£
a ripple signal source is switched in accordance with
the g@sgti@n of the cage in such a manner, it is
possible to avoid being unable to detect a ripple
component at a certain position of the cage (if
vibration is produced in the cage near 220m, it is
difficult to detect the state through the ripple signal
38}, and it is also possible to use a.signal having
relisbility as high as possible. Accordingly, it is
possible both to fealizé the comfortable riding and to -

ensure reliability in an elevator sysﬁem which is

" required to have particularly high reliability. .

As has been described in the foregoing
embodiment, there is a freguency characteristic from the
adder 7 to the electric motor 11 with respect to a

| This is the veplacement sheat
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conpar at or

notor portion with the speed instruction 1, a control
a power transducer nodel 30, an electric notor node

a counter wei ght node

nodel 28 for conparing an estimation speed 27

oper ati on nodel
31, a cage node

33 and a traction %sheave nodel 34. Further, a

speed ripple signal 23 is obtained not by

i

10

i5

20

25

ripple frequency. ¥Further, there is a change of gain
because of controlling two ripple signals by switching
in this %mb@diment. Accordingly, 2 function to adjust
the phase and gain is provided in the signal converter
24 to thereby provide stable centrcl-tc suppress
vibration.

Further, sine the ripple signals are used
alternatively in the embodiment of Fig. 11; it is not
alﬁays necessary to perform operation of both the
signals in parallel at the same time. Therefore, for
example, only a signal to be used a&s a ripple signal is
calculated in feed-forward in accordance with the .
position of the cage. Conseguently, it is possible to
omit an unnecessary operation processing, so that there
is an effect to use an inexpensive microcomputer if the
load on a processing unit is reduced.

| As has been described, acccrding te the
present invention, it is difficult tec suffer a bad

inflvence such as noise mixture from the ocutside, and it

is possible to control the phenomencn of vibration of a .

cage while avoiding a special additional device causing
cost up. Accoxdingly, it is pcssible.te reduce an
uncomfortable vertical.v;b:ati@n ef the cage caused by a
rope system. Further, it is possible to simplify the

adjustmént of the gain, phase and so on of a vibration

. suppressing sigmal.
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-19- difference between an estimation speéd 17 by use of the rigid body
model and a detection actual speed 3, but by the difference between the
estimation speed 17 by use of the rigid body nodel and an estimtion speed
26 of a cage in the elevator higher orger nodel system 25. This speed
ripple signal 23 is fed to a signal converter 24 .

ELEVATOR SYSTEM

The present invention relates to elevator conmtrol, and its object is to provide a
2E hanical system of an elevator cage.

structure is such that an elevator model system (15, 25) is provided in a speed
control system (2, 4, 5, 7, 10, 11, 22, 24), and an clectric motor (6) is controlled in
accordance with a vibratiom suppressing signal decided on the basis of the cutput of this
model and so on.

Since it is possible to extract a vibration co
perform the vibration suppressing control by using this ripple signal, comfortable riding
with less vertical vibration can be realised.

ent of an elevator cage to thereby

PO

Figure 1.
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to make up a ripple suppressing signal 9 which is supplied to an adder 7
to thereby performvibration suppression. Then, since the estimation
speed 26 of the <cage in the elevator higher order nodel system 25 is used
to extract a speed ripple signal, there is no area in which a ripple
conponent cannot be detected in a .cgrtain position of the cage as in the
case of the detection in the electric notor portion, so that a stable
effect to suppress vibration can be expected
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I ndependently of the position of the cage. Further, in this
enbodi nent, the actual speed of the cage is directly detected as a speed
signal on which a ripple is superinposed, and the estimation speed 26 of
the cage producible in a control board in a mnmachine roomis used w thout
| eading a signal into the control board, so that there is no fear that any
noi se conponent is mxed into the speed signal fromthe
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outside in signal transfer, and not only there is an effect that it is
possible to construct a cage vibration suppressing system having a high
reliability, but also there is an industrial effect that a speci al
hardware such as a speed sensor or an accel eration sensor for

WITH NO COMPENSATION
TIME t (s)

WITH COMPENSATION

This Sheet Has Been :ﬁlm‘d CAGE ACCELERATION (m/s2)
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- 20 - ' detecting the speed or acceleration of the cage, or the like
becones unnecessary. In the enbodi nent of Fig. 10, the

mechani cal system of the higher order nodel system 25 is consti- tuted by
three masses of the cage nodel 32, the counter weight nodel 33 and the
traction sheave nodel 34. This 1is designed to sinplify the conpensation

rope system of
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an actual nechanical system so that it is indeed inpossible to observe
all the vibration phenonena of nechanical systemresonance frequencies in
the actual nechanical system but it is possible to estimte at |east
primary and secondary resonances of the rope system so that it can be
said that it is possible to obtain an enough effect to suppress these

vi brations which becone particular problenms on the confortable riding.
Further, as a result of sinplifying the -
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structire in this sinple nodel, the operation in a mcroconputer to
estimate the vibration of the cage can be conpleted in a short tinme, so
that there is also an industrial effect to estimate the vibration
phenonenon of the cage w thout providing any expensive mcro- conputer
for the operation. Further, if the mass system of the nechani cal

systemin the higher order nodel system?25 is sinplified

FIG. 7
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to -have only the cage, indeed an estimatable resonance frequency on the
mechani cal systemis |imted to only the primary -‘,:,i..‘-;.:l
system but the time to operate can be nmade shorter,{{EEitsIg HIp |
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effect to enable the microconputer to share other works such as anot her
el evat or system processi ng. If the inertia of the inertia

system nodel 21 _
in response to the present nunber of passengers in the elevator cage, or

I f the spring constant or danping coefficient which changes
correspondingly to the rope Ilength, and the weight of the cage which

changes

ess
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correspondingly to the nunber of passengers in the cage are finely changed
i n the mechanical systemin the higher order nodel system 25 in accordance
with the conditions (the position, of the cage or the nunber of

passengers) of the actual machine, it is possible to inprove the accuracy
of the estimation speed 17 obtained fromthe elevator rigid body nodel
system 15 or the estimation value 26 Qtsthe cage speeds, and it is thereby

possi ble to make up an accurate rippl e suppressing
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o <
signal 9 to make it possible to inprove the effect to suppress the
vi bration of the cage. A check is nmade in theimside of the
signal converter 24 as to whether the output thereof, t taséh&tﬁas
‘corresponding to the vibration suppression i nstruction 9, T En
out of the size or fre- quengywstl mated i n advance as a t
system and, if so, allmt s set.in its output, or the

P m
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ELEVATOR SYSTEM

The present invention relates to an elevator... ' -
system, and particularly relates to an elevator system ... '

having a vibration suppressing device which can provide

csmﬁ@:t&bl% ride.
In JP-A No. 60-254201 (JP-B No. 3-30161,

Japanese Patent Application Ne. 59-110264), there is
disclosed a control system comprising an operation
mechapism for operating an @bjeet to be controlled in
accordance with an operation quantity imstruction value,
a detector for detecting a control gquantity of the
object to be controlled, and a control cperation portion
supplied with a control gquantity detection value f£rom
the detector and the control Quanﬁity instruction value
for outputting the operation quantity instruction value,
wherein a signal of deviation of a control quantity
detection value from an control quantity instruction
value is supplied as an input, and a deviation of the
control gquantity from a control quantity estimation
value obtained as a result of cperation from an
operation quantity instruction to a detection value

- through a model is added in an operation quantity
instruction value portion to thereby improve the
performance against disturbance. That is, there is such
a propesal that the contreol operation p@rti@ﬁ outputs,

as an operation guantity instruction value, a difference



-~

confortable riding. Further, in the elevator rigid body nodel
.system 15 and the el evator higher order nodel system?25 in Fig. 10, the
to calculate the estinmation .speeds 17 and 27 for naking up the
speed ripple signal 23 is nade shorter than the interval to detect the
detection actual speed 3 in order to fegeg the ripple suppressing signal

i nt erval

back to the speed control loop in .

{B-A) between a value A obtained from a control guantity
detection value through a desired transfer function
G@(é), and a value B cbtained thr@ugﬁ a transfer function
{G,(8)°G(s)+1l} which is obtained by adding "1" to a
transfer function G (8)°G(s) which is a product between
a transfer functicn G, {s) and a transfer function G (s)
which simulates a éxansﬁer function G, (s) from the
operation guantity instruction value to the control
guantity detection value, at an output of a control
amplifier which is supplied with a control gquantity
detection value and a control quantiﬁy ingtruction
value, thereby improving, disturbance response without
changing instruction value response.

According to JP-A No. 52-43246, 61-203081,
61-27882, 62-211277, etc., there is such a proposal that
a vibration component of an elevator cage is detected
directly, and this component is fed back to a speed
contrel device to thereby suppress the vibration of the
cage.

However, according to the above-mentiocned
first prior art, since also a vibration disturbance
component is already mixed into an operation instruction
value which is an input signal to the model, a control
quantity estimation value obtained as an operation
result through the model contains;a component of the
vélu& estimated upon the.ccntgal éﬁéntity instruction
and a component of the value estimated upon the

disturbance component. Accordingly, the value obtained

9



mnor, so that it is possible to realize a rapid response, and it is
possible to obtain an enough effect to suppress vibration. I n
order to actuate the function of vibration suppression, it is effective to
provi de the function to conpensate the frequency characteristic fromthe
adder 7 to the electric notor 11 in thessignal converter 24 in Fig. 10
for the ripple suppressing signal 9 whic variously in accordance with the

operation copdili@nepl once signal to a control guantity detection |

value cannot be an instzuct;an for eliminating
disturbance in the control quantity detection portiom.
That is, even considering the case in which a control
quanéity estimation value and & control quantity
detection value are ideally coincident in phase
relationship with each other, a @omgengnt causing a
disturbance suppressing signal is expressed by (the
control gquantity estimation value - the coatrol quantity
detection value); which is a value different from that
to be used as a disturbance suppressing signal, and gain
correction or the like bpcomes therefore necessaxy.
Further, if a control quantity estimation value and a

: ce@trol guantity datecﬁi@n value are not ceiﬁcid%nt with
each other in phase relationship, signal components
other than a reference sigmal relating to a disturbance
ccm@cnent (components the phase and size of which change
corzrespondingly to the phase difference, and so on) are

_ mixed inte a disturbance suppressing signal, so that it .
becomes difficult to effectuate the su@pressicﬁ of
vibration strongly because of the production of other .
bad influences as well as the mixture. Further, for
adjustment of the gain, phase, and so on, it is neces-
sary to provide two adjugting.p@ztions, one where a
control quantity estimation value and a control quantity
detection value are made coincident with each @éher_in
.pnase relationship, and the other where a deviation

signal between the control guantity estimation value and



the elevator in the sane manner as shown in Fig. 1. However, a slight tine
lag is produced in calculating the estimation speed 26 since the speed
including a ripple conponent is not directly detected but is estimated in
t he hi gher order nodel systemin the case of the enbodi nent of Fig. 10.
The phase shift due to such a tinme lag is conpensated together in the
signal converter 24 in this enbodinment. 2b2§equently, t he

the control quantity detection value is adjusted in
gain, phase and so on. Accordingly, the adjusﬁmgnt is
extremely difficult because of the correlation of these
portions.

On the other hand, according to the
above-mentioned second prior art, various devices have
been provided for directly detecting a vibrationm
compenent of an elevator cage so as to use this
component as a signal for contrsolling the suppress;on of
vibration, but there have been a lot of problems in
practical use, for example,'in the points how to ensure
the reliability of an acceleration sensér itself, how to
eliminate noises supegimpgéed on a signal line wired up
to a contrel device in a machine room located on the
uppermost floor several hundred meters away from. the

senscr, and so on.

It is an object of the present invention to solve or
at least mitigate the foregoing problems of the prior
azrts, and to provide an elevator system which can reduce

uncomfortable vibration of a cage.



structure of Fig. 10 can give an enough effect to suppress vibration.
. 23 Further, if the power transducer nodel 30 and the electric

" motor nodel 31 in the higher order node

- 5§ -

According to an aspect of the present invention, the
elevator system comprising a cage, an elevator driving
device for driving said cage, a speed instruéticn device,
an élgvat@r speed detection devica; and a speed c@ntrql
loop for controlling said driving device in accordance
with a deviation of a detection elevat@r'speed from a
speed instruction; further comprising an elevator model
supplied with a speed instruction for outputting an
estimation speed of said driving device when a mechanical
system up to said cage is regaxrded as a pexfect rigigd
bedy, so that a deviation signal of a detected speed of
said driving device from an output of said model is
supplied to said speed control loop.

A vibration suppressing signal may be derived from
the elevator model supplied with an elevator



system 25 are also sinplified by first order delay or the like, the effect
- to shorten the operation tine is nmade obvious by the effect of cooperation
with the sinplification in the elevator rigid body nodel system 15.
Consequently, it is possible to conduct two nodel operations in parallel
by use of an inexpensive nicroconputeré -and it is possible to realize the
_suppression of vibration by a practical hardware _

- speed imstruction, and the means for supplying the speed
control loop with the output of this model, and so on.
The vibration suppressing signal is used for speed
control so that bad influences such as a noise mixture
from the outside, are so reduced that the elevator speed
contrel can be realized with lowered vertical vibration
and without special cost-up. Moreover, the number of
the phase and gain adjusting portions cean be reduced to
only one.

Embodiments of the present invention will now
be described, by way of example, with reference to the
accompanying drawings, in which:-

Fig. 1 is a diagram illustrating the whole
structure of an elevator to which the present invention
'is applied,

Fig. 2 is a diagram for explaining the
principle of the operation of the present inventién,

Fig; 3 is a simulation result diaggaﬁ.showing
the effect of the present invention,

Fig. 4 is a2 diagram illustrating a specific
embodiment of thé signal converter 24,

Fig. 5 is a diagram for explaining the
principle of the operation of the present invention,

Fig. 6 is a diagram illustrating a specific
embodiment 6§ the signal converter 24, |

Fig. 7 is a diagram illustrating a specific



structure. Wth a band-pass filter provided in the signal
converter 24, the operation of suppressing vibration in frequency bands
" other than a specially tuned frequency can be suppressed in such a
‘structure that the higher order nodel system 25 is not always made a
strict nodel or is difficult to be & dtrict nodel. This gives an effect
fromthe point of viewto ensure the reliability of an elevator system

-embodiment of the signal converter 24,

Fig. 8 is a diagram illustrating another

Fig. 9 is a diagram for explaining the
pxinéigle of the operation of the present invention.

¥Fig. 10 is & diagram illustrating another

An embodiment of a vibration suppression

control system of an elevator accoxrding to the present
invention will be descriped in detail with reference to.
the drawings. Fig. 1 is a block diagram. illustrating
the whole arrangement of an elevator system to which the
present invention is applied.

In Fig. 1, the reference numeral 1 represents
a speed instruction; and 2, a speed detector for
detecting the actual speed of an elevator system,
preferably, a pulse encoder which is directly c@nnécted
to a rotary shaft of an electric motor or which is
friction-driven by a traction sheave 6 or a brake drum
{not-shown) to thereby detect the speed of the electric
motor. The reference numeral 3 represents & detection
actual speed signal obtained by processing the ocutput of
the actual speed detector; 4, a comparator for obtaining
the deviation between the speed instructiom and the
detection actual speed signal; 5, a contzol @pezati@n

portion such as a proportiocnal integrator or the like



Fig. 1i show anot her enbodi nent of the present invention. Elenenfs froma
. Speed instruction 1 to a conpensation pulley 36 are the sane as those in
Fig. 10. In this enbodinment, an el evator higher order nopdel system 25

i ncluding elenents sinmulating an elevator mechanical systemis provided in
addition to an elevator rigid body rmo@l® system 15, and a ripple signal
38 which is the difference between a detection actual speed 3 and an
estimation speed 17 obtained fromthe
for constructing a speed control system; 7, an adder for
adding a vibration suppression instructiom 9 to a torque
instruction & which is the cutpuﬁ of the control
operation portion 5; lﬁ, a power.transducer such as an
inveét%r, a converter or the 1iké; 11, an electric motor
such as an induction motor, a DC motor, or the like, for
driving the elevat@z;.lz, a main rope; 13, & cage; 14, a
counter weight; 35, a compensation rope; 36, a compensa-
tion pulley; 15, an elevator rigid body model system
including an inertia system in which a mechanical system
including a cage, ropes, and sc on, is regarded as a.
perfect rigid body, and an elecﬁxic system including a
driving system, a control system and so on; 16, a
comparator model for obtaining the deviation between the
speed instructicn 1 and an estimation motor speed 17
cbtained from the elevator rigid body model system
including an inertia system in which a mechanical system
including a cage, ropes, and so on, is regarded as a
perfect rigid bedy; 18, a control operation porxtion
.mgdelasimglating the control operation portion 5; 1%, a
power transducer model simulating the power transducex
10;: 20, an electric motor model simulating the motor 11;
21, an inertia system ﬁgdel in which a mechanical system
including & cage, gopgs; and so on, is regarded as a
perfect rigid body: 22, a comparator for obtaining a
speed ripple signal 23 which is the deviatien between

the detection actual speed signal 3 and the estimation

speed 17 cbtained from the elevator rigid body model



24 rigid body nodel system 15, and a ripple signal 37 which is the
. difference between an estinmation speed 26 obtained fromthe hi gher order

nodel system 25 and the
o9 -

system 15; and 24, a signal converter supplied with this
speed ripple signal 23 to thereby form the vibration
suppressing signal 9.
In such a configuration, the principle of the
'op@réti@n will be described with reference to Fig. 2.
In Fig. 2, the reference numeral S1 represents an
example of the speed instruction i; 53} an example of
the detection actual speed signal 3; §17, an example of
the estimation speed 17 obtained from the elevator rigid
body model system 15; S23, an example of the deviation
signal between the detection actual speed signal 3 and
the estimation speed 17;, and 89, an example of the
vibration suppressing signal 9 which is the output of
the signal converter 24. Then, a ripple of speed
accompanied with the vibration of a mechanical system
during increasing/decreasing of the speed is super-
imposed on the detection actual speed §3, but a
vibration component caused by the vibration of the
mechanical system is not superimposed on the estimation
' speed’° 817 since the model is a2 rigid body. The%afcre,
according to the deviation signal $23 between 83 and
§17, the vibration component of the mechanical system
can be extracted as it is. Next, the signal §23 is
paésad ﬁhx@ugh the signal converter 24 to compensate the
factor of delay in the power transducer 10 or the .
electric motor 11, and to perform the adjustment of the
phase ¢ or the adjuStﬁent of the gaiﬁ as in the signal

89, and the signal S$23 is supplied to the adder point 7



estimation speed 17 obtained fromthe rigid body nodel system 15 are
_obtained as speed ripple signals, both the ripple signals being swtched
"by a switch 39 to obtain a speed ripple signal 23 which is supplied to an
adder point 7 through a signal conver%g Here, for exanple,
consi der the case of the cage being n€ar 220n1|n the graph illustrated in
Fig. 9. At this time, the systemturns the switch 39 to the ripple signa

37 which acts as the speed ripple signal . .
as a minor loop to thereby comstruct such a contrpl

system that the production of vibration is canceled at
the point of the speed detector 2 by this instruction
component .
Fig. 3 shows the effect of the present

| invention by an example of the rgsult of simulation. As
the cenditi@ns of s;mmlati@n, the state where a driv;ng
motor produces not cnly a driving force but also a
torgue ripple when the dgiéiaé of lifting ﬁp is
performed in the case where the height of a building is
230m, the number of passengers in a cage is zero, the
cage being running near the uppermost £looxr, is
simulated and the acceleration of vertical vibration
produced in the cage is calculated. Without performing
any compensation process according te the present
invention, the acceleration of vertical wvibration of the
cage is about £0.025m/S?, while the acceleration of
vertical vibration of the cage is about $0.007m/S? if the
compensation process is performed, so that it is

' understood the acceleration of vertical vibration is
improved into about 1/3. According to this system, if a
vibration component in a mechanical system can bé only
detected in an elevator driving motor portion, the
vibration component can be obtained as the speed ripple
signal 23 as it is since_ther@ is no interference signal
source or factor from the outside to the model, and |
further the production of a ripple in the electric motor

portion can be suppressed since the signal converter 24



23. The switch is turned onto the ripple signal 38 side in the case of the
. cage being at any other position. |[If a ripple signal source is swtched
in accordance with the position of the cage in such a manner, it is
possible to avoid being unable to de1e£% a.ripple conponent at a certain
position of the cage (if vibration Ts™produced in the cage near 220m it
Is difficult to detect the state through - the ripple signal
compensates the characteristic of delay fxrom the adder 7
to the electric motor 11 properly, so that it is also
possible to suppress the uncemfortable vertical vibra-
tion of the cage which is hung thereunder.
Further, according to the method using thig
elevator model system 13, since_a signal to be estimated
is an estimation signgl 17 corresponding to a speed
inmstruction, the ﬁréquency characteristic thereof can be
said to be comparatively siéw: There is thezeﬁqre also
an effect that as a ﬁic:@c@m@ut@r constructing the
model, any expensive one having a high speed processing
ability is not always.xaquireds
Fig. 4 shows a specific embodiment of the
construction of the signal converter 24. 1In Fig. 4,
taking inté consideration the characteristic of delay in
the @1emgnté from the adder 7 to the electric motor 11,
a phase'l%ad/lag adjustment element and a gain adjust-
ment element are built in for properly suppressing the
production of ripples in the electric motor portion.
Fig. 5 shows an example of the frequency characteristic
from the adder 7 to the electric motor 11, in which the
characteristics (phase as well as gain) of the elevator
system also changes in response to the change of the
input vibration frequency. In the case of effectuating
the technigque of the grésgnt invention toc the frequency
band before and after 1.2Hz as an example of the primary

- vibration of a rope system, the phase lag from the adder

peint 7 to the production of speed is before and after



38), and it is also possible to use a signal having reliability as high as
. possible. Accordingly, it is possible both to realize the confortable

" riding and to ensure reliability in an elevator systemwhich is required
to have particularly high reliability. As has been described in
the foregoing endinent, there is a fr&uency characteristic fromthe
adder-7 to the electric notor 11 with respect to a

=35°, so that the injection of a ripple component of the
speed can give enough effactive suppression of vibration
if the phase lead of about 35° is set in the signal
converter 24 to compensate this 35° of phase lag.
Fuxtﬁ@r, if the condition changes as the position of the
cage or the like changes, for example, under the condi-
tion in which vibration near 7Hz is apt to be produced
as an examgle'@f the secondary vibration of the rope
system, & plurelity of zéséﬁance vibration phenomena
changed and produced in accordance with the condition of
driving can be suppressed effectively if the correction
quantities of the phase and gain are made variable in
accordance with the condition of driving, for example,
the quantity of phase lead being made variable to about
100°. |

In Fig. 6, @ high pass-filter as well as the
function of Fig. 4 is built in to suppress low frequency
ripples produced by the decrease of the stationary gain
of a control system, so that a bad influence caused by

. feeding back a deviation signal with & mineor lcég can be
excluded to @r@%ide another effect that a good transient
response can be obtained while a usual vibration
suppression effect is ensured. _

There is'also another effect that adjustment
can be performed easily since it goes well if the Phése,
gain and so on are adjusted only in the signal coaverter
24 as mentioned above in oxder to make up.a vibration

suppressing signal 9.



- 25 - ripple frequency. Further, there is a change of gain because of
controlling two ripple signals by switching in this enbodiment.
" Accordingly, a function to adjust the phase and gain is provided in the

- si nverter
signal co .13 -

As for ancther embodiment, more preferably as
shown in Fig. 7, a band-pass filter is provided in the
signal converter 24 in order to cut off components other
than a frequency band £; which is a target of vibration
suppﬁessicn, so that the operation ¢f a main route for
injecting a ripple signal can be made invalid to
fﬁeqﬁ%ncy bands @the:.than the frequency which is a
target of vibration suppression to thereby make it
possible to nearly eliminate a bad influence of the main
route to the other frequency bands.

Further, in the case where there are a
plurality of mechanical system resonance frequencies
aimed on vibretion sug@r%ésign, if a plurality éﬁ signal
converters 24-1 and 24-2 and signal injection routes
effective to the respective frequency bands are provided
as shown in Figs 8, and if suppression control sharing
the frequency bands is performed, there is ancther
effect that it is possible to realize comfortable riding
which is always steble against vibrations of various

'ﬁr@qu@nci@s caused by a plurality of inertia systems
such as an elevator.

Further preferably, if band-pass filters which
allow different target frequency vibration suppressing |
signals to pass are built in the signal converters 24-1
and 24-2 for the freguency sharing comtzrol, it is
pessible to prevent a bad influence to other frequency
bands ﬁhx@uéh the plurality of signal injection routes.

Although the elevator rigid body model system



24 to thereby provide stable control to suppress vibration. _
Further, sine the ripple signals are used alternatively in the enodi nent

" of Fig. 11, it is not always necessary to performoperation of both the
. signals in parallel at the sane time. Ther&tore, for exanple, only a
signal to be used as a ripple signal is calculated in feed-forward in

accordance Wiyd A +1R9SE1ERR) ObohPErtage 24°803 14 dtkadda | ARSI Bl © O
as if they are provided separately from a usual speed
control system, if they are constituted by a software in
a microcomputer for elgvétaz control in the same manner
as the comparators 22 and 4, the coatrol operation.
portion 5, and so on, it is possible to construct a
contrel system which is strong against noises or the
like. Of course, even if they are comstructed by analog
circuits or the like independently of a control opera-
tion portion such as a pﬁ@pogti@nal integrator and so on
constituting a speed control systém, there is no fear
that the effect of vibration suppression gf the @reseﬁt
invention is lost, and in this case, there is no limit
on the speed of processing whicp usually comes into
problem in the case of a software, resulting in another
effect that the frequency of vibration aimed on
vibration suppression can be expanded up to a high
freguency area.

Further, in order to detect a deviatiocn egignal
. between-a model and the actual séeed in Fig. 1,.the
actual speed of an elevator system ié detected by a
- speed detector friction-driven on the shaft end of an
electric motor or on the circumference of a traction
sheave. Accordingly, the actual speed can be used in
. commoen with an actual speed signal used'fez egssential
speed control, se that the siénal fetching to a control
circuit, or a signal lime is short enough to reduce the

possibility of noise mixture, resulting in an effect to



t an unnecessary operation processing, so that there is an effect to use
an i nexpensive mcroconputer if the |oad on a processing unit is reduced. -
" As . has been described, according to the present invention, it is difficult
to suffer a bad influence such as noise mxture fromthe outside, and it
i's possible to control the phenonmenon qf j¢gibration of a cage while
avoi di ng a special additional device causlng

make it possible to construct & system having a high
reliability suitable to an elevator.

Further, if the actual speed of a cage is used
as an actual speed to be used for calculating a
deviation signal from the estimation speed 17 obtained
from the model system 15, indeed the system may be
slightly weakened in noises from the point of view of
wiring 2 long signal line up to a machine rocom, but the
vibration suppressing component of the cage cam be
detected all over the area of an elevator passageway as
shown in Fig. 9 differently from the case of detection
in an electric motor poxtion, so that the effect to
suppress the vibration of ﬁhe cage can be expected all
over the area of the elevator passageway. fhis is
because there is a difference in easiness in detection
of a vibration component with respect to the position of
the cage between the case of indirect detection im the
electric motor portion and the case of direct detection
in the cage portion as shown iﬁ detail in Fig. 9, and
because in the case of the detection in the %l@étric
motor portion there is an area in which the vibration
component can be hardly detected in the wvicinity of
220m, as is apparent from the result of caiculati@n.

Therefore, if a signal detected in the
electric motor portion and having high resistance
against noises is used normally while a signal detected
in the cage portien is switchably selectively used in an

area, for example in the vicinity of 220m, where



cost up. Accordingly, it is possible to reduce an unconfortable vertical

_vibration of the cage caused by a rope system Further, it is possible to
sinplify the adjustnment of the gain, phase and so on of a vibration

suppressing signal. 16 '

vibration is hardly detected in the aiectric@m@tog
portion, there is another effect that it is possible to
construct a totally high reliable system suitable to an
elevator. In Fig. 9, the result of calculation is
omitted with respect to the floors lower than the midst
one.

Further, from the point of view @f.the change
of gain, the gain X in Figs. 4 and 6 is made variable in
accordance with the position of a cage or the quantity
of passengers (not-shown) in order to operxrate a vibra-
tion suppression control system stably since the
easiness in detection of, vibration, that is, the gain of
detection changes in accordance with the position of the
cage or the guantity of passengers as well as the
fregquency characteristic from the adder 7 to the
electric motor 11 shown in Fig. 5, as is apparent from
Fig. 9. In this manner, vibration suppression can be
controlled stably independently of the operation
condition of the elevator, so that it is possible to

cifically, if the values

obtain comfortable riding. Spe

cf X with réspeﬁt to- various positions of the cage or.

various gquantities cf passengers are described in a
table in advance, and if this table is searched on the
basis of the position of the cage or the guantity of
passengers, it is possible to complete the processing in
a short time, and it is p@$sible to expand the area in

which vibration suppression can be controlled. Further,

if the value of K is calculated each occasion, there is



- 26 - CLAIMS 1. An elevator systemconprising a cage, an el evator
driving device for driving said cage, a speed instruction device, an

" el evator speed detection device, and a speed control loop for controlling
said driving device in accordance with a deviation of a detection el evator
speed- froma speed instruction; fur¢h®? <onprising an el evator nodel
supplied with a speed instruction for outputting an

another effect that the memory for the table can be

cmitted though it takes somewhat long time for
calculation. _

Further, the inertia system model 21 of the
@lévét@r rigid body model. system 15 in Fig. 1 may change
its inertia component in accordance with the position of
the cage or the quantigy of passengers. This change '
produces a non-vibration component error of speed
between the estimation speed 17 and the detection actual
speed 3, and mixes an unnecessary component like a bias
component into the ripple signal 23 of speed. There-
fore, according to the present invention, the inertia
component of the inertia system model 21 of the elsvator
rigid body model system 15 is made to change in accord-
ance with the position of the cage or the guantity of
passengers. Consequently there is another effect to
realize a stable vibration suppression without respect
to the driving condition of an'eievat@r,

Further, according to the embodiment of Fig.
1, it goes well if the elevator rigid body m@d%i system
15 estimates only a campénent including no vibzat;on
component or the like of the speeé produced by & speed
instruction, that is, only a component corresponding to
& so-called fundamental wave component, so that a strict
simulation is not always required on the model. There-
fore, the power transducer model 19 and the electric
motor model 20 are not made up in detail, but appzéxie

mated to an extent of first order delay. As a result,



estimation speed of said driving device when a nechanical systemup to
said cage is regarded as a perfect rigid body, so that a deviation signal

* of a detected speed of said driving device froman output of said nodel is
supplied to said speed control loop. 2. An elevator systemaccording to
Claim1, wherein said detected speetd 1§raobtaining sai d devi ati on signal
Is a notor speed of said elevator driving device.

it is possible not only to economize the memory space

equired for the models, but alsoc to simplify their

operations, so that there is an industrial effect to
make it possible to use an inexpensive microcomputer.

Fu:ther; if the interval to detect a detection
actual speed for the operation of deviation from the
estimation speed 17 is made shorter than the interval to
é@t@éﬁ & value for use in the comparator 4, the vibra-
tion suppressing signal § can be supplied to a control
system at a short interval, and the frequency band on
vibration supgzessién can be expanded on the high
frequency side, so that there is an effect to expand the
effect of vibration suppression against higher freguency
vibration. l_

Fig. 10 shows another embodiment of the
present invention. ZElements from a speed iﬁst:uctien 1

to a signal converter 24 are the same as those in Fig.

i. In this embodiment, an elevator higher order model
systeﬁ 25 including an element simulating an elevator

' mechanical system is also @z@wided in additiecn é@ the
elevator xrigid bedy model system 15. This elevator
higher order model system 25 islconstitgtéd by a
'c@mpa;at@g model 28 for comparing an estimation speed 27
in the electric motor portion with the speed instruction
1, a control operatiocn model 29, a power transducerxr
model 30, an electric motor model 31, a cage model 32, a

counter weight model 33 and a txactién-sheavg model 34.

Further, a speed ripple signal 23 is obtgiﬁed not by the



3. An elevator systemaccording to Claim1l, wherein said detected speed
~ for obtaining said deviation signal is a cage speed of said elevator. 4.
* An el evator system according to any one of the preceding clainms, further
" conprising varying means for varying an input signal to said speed control
| oop in accordance with a running cond®tfon of said elevator. 5. An
el evator systemaccording to Caim4, wherein said running condition of
said elevator is a position of
difference between an estimation speed 17 by use of. the
zigid body model and a detection actual speed 3, but by
the difference between the estimation speed 17 by use of
the rigid body model and an estimation speed 26 of a
cage in the elevator higher order model system 25. This
. speed ripple signal 23 is fed to a signal converter 24
to make up a ripple suppressing signal 9 which is
supplied to an adder 7 to thereby perform vibration
suppression. Then, since ﬁh@ estimation speed 26 of the
cage in the elevator higher order model system 235 is
used to extract a speed ripple signal, there is no area
in which a ripple compongnt cannot be detected in a
certain position of the cage as in thé case of the
detection in the electric motor portion, so that a
stable effect to suppress vibration can be éxpécted
independently of the position of the cage.
Further, in this embcdiment, the actual speed
cf the cage is directly detected as & speed signal on
wihich a ripple is superimposed, and the estimation speed
' 26 of the cage producible in a control b@ard.inoa
machine room is used without leading a signal into the
contrel beard, so that there is no fear that any noise
component is mixed inte the speed signal from the
outside in signal transfer, and n@t_@nly there is an
effect that it is possible to construct & cage vibration
suppressing system having a high reliability, but alsco
there is an industrial effect that a sé&c;al hardware

such as a speed sensor or an acceleration sensor for



~ .

said cage or a quantity of passengers. 6. An elevator systemaccording to
claim4 or claim5, wherein said varying neans includes neans includes
means for controlling 27

« 20 -

detecting the speed or acceleration of the cage, or the
like becomes unnecessary. _

In the embodiment of Fig. 10, the mechanical
system of the higher é:dg: model system 25 is consti-
tuted by three masses of the cage model 32, the counter
weight model 33 and the éracti@n sheave model 34. This
is designed to simplify the compensation rope system of
an actual mechanical system, so that it is indeed
impossible to observe all the vibration phencmena of
mechanical system resonance freguencies in the actual
mechanical system, but it is.possibl% to estimate at
least primary and secondary resonances of the rope
system, so that it can be said that it is possible to
cbtain an enough effect to éugprgss these vibrations
which become particular problems on the comfortable
riding. PFurther, as a result of simplifying the
structure in this simple model, the operation in a
microcomputer to estimate the vibration of the cage can
be completed in a short time, so that there is alsc an

"industrial effect to estimate the vibration ph@ﬁemen@n
of the cage without providing any expensive micro-
computer for the operation.

Purther, if the mass system of the mechanical
system in the higher order model system 25 is simplified
to have only the cage, indeed an estimatable resonéﬁce
frequency on the mechanical system is limited to only
the primary vihration of the rope system, but the time

to operate can be made shorter, so that there is-alsoc an



the gain of said deviation signal. 7. An elevator system according to any
one of clains 4 to 6, wherein said varying neans inludes neans for

" controlling a value of phase of said deviation signal. 8. An elevator

system according to any one of the preceding clains, wherein constants of

said el evator nodel are variable in~aédordance with a quantity of

passengers in said cage. 9. An elevator system according to any preceding

clarm effect to enable the microcomputer tc share other works
such as another elevator system processing.

If the inertia ¢f the inertia system model 21
in the elevator rigid body model system is made varisble
in zés@@nse to the present number of passengers in the
elevator cage, or if the spring comstant or damping
coefficient which chagges corrggpcndingly'to the rope
‘length, and the weight of the cage which changes
correspondiangly to the nuﬁbex of passengers in the cage
are finely changed in the mechanical systém in the
higher order model system 25 in accordance with the
conditions (the position, of the cage or the number 65
passengers) of the actual maéhine, it is possible to
improve the accuracy of the estimation speed 17 obtained
from the elevator rigid body model system 15 or the
estimation value 26 of the cage speed, and it is thereby
possible to make up an accurate ripple suppressing
gignal 9 to make it p@SSLble to improve the effect to
suppress the vibration of the cage.

A check is made in the inside of thé signal
converter 24 as to whether the cutput thereof, that is a
signal corresponding to the vibration suppression’
.instzucticn 9, comes, or not, out of the size or fre-
guency estimated in advance as a usual elevator system,
and, if so, a limit is set in its output, or the output
itself is prevented, or an al@r@ is generated. Then,
there is an effect to realize two important ﬁh;ngs for

an elevator system, that is, to ensure safety, as well



wherein the interval of speed detection of said driving device used for
use for calculating said deviation is shorter than the interval of speed

" detection of said speed control loop. 10. An elevator systemaccording to
any preceding cllaim wherein the notor_speed of said el evator driving
device and the speed of said cage agrezévﬁtched so that one of themis

sel ectively used as the detected speed of said

gé to attain the essential object té improve the
comfortable riding.

Further, in the elevator zigid body model
system 15 and the elevator higher oxder model system 25
in ?ig. 10, the interval to calculate the estimation
speeds 17 and 27 for making up the speed ripple signal
23 is made shorter than the interval to detect the
detection actual speed 3 in order to feed the rxipple
suppressing signal 9 back to the speed contrel loop in
minor, so that it is possible to realize & rapid
response, and it is possible to cbtain an enough effect
to suggzesg.vibratien. _

In order to actuate the function of wibration
suppression, it ié effective to provide the function to
compensate the frequency characteristic from the adder 7
to the electric motor 11 in the signal converter 24 in
Fig. 10 for the ripple suppressing signal 9 which
variously in accordance with the operation condition of
the alévat@ﬁ in the same manner .as shown in Fig. 1.
However, a slight time lag is produced in calcuiating
the estimation speed 26 since the speed including a
ripple component is not directly détectég but is
estimated in the higher order model system in the case
of the embodiment of Fig. 10. The phase shift due to
such a time lag is compensated together im the signal
converter 24 in this embodiment. Conseguently, the -
structure of Fig. 10 can §ive an enocugh effect to

suppress vibration.



driving device in accordance with the running condition of said el evator.
11. An el evator systemaccording to claim 10, wherein said detected speed
of said driving device is selectively switched in accordance with the
position of said cage. . 12. An elevat%b system according to any one of the
preceding clainms, wherein said el evat nodel includes neans for
approxi mati ng a power converter portion and an electric notor portion of
said driving device with a :
- Purther, if the power transducer model 30 and
the electric motor model 31 in the higher oxder model
system 25 are also simplified by first order delay ox.
the like, the effect to shorten the operation time is
made obvious by the effect of cooperation with the .
simgliﬁicati@n in the elevator rigid body model system
-lSQ Conseqguently, it is possible to conduct two model
cperations in parallel by use of an inexpensive
microcomputer, and it is possible to realize the
suppression of vibration by a practical hardware
structure.

With a band%pggs filter provided in the signal
converter 24, the operation of suppressing vibration in
frequency béhés other than a specially tuned frequency
can be suppressed in such a structure that the higher
order model system 25 is not always made a strict model
or is difficult to be a strict model. This gives an
eﬁﬁéct-f:@m the point of ?iew to ensure the reliability
of an elevator system.

'Fig. 11 shows another embodiment of the
pzésent invénticn. Elements from a s?ead instruction 1
to a compensation pulley 36 are the same as those in
Fig. 10. In this embodiment, an elevator higher order
model system 25 including elements simulating an |
élévatot mechanical system is provided inladditien to an
elevator rigid body model system 15, and a ripple signal

38 which ié the difference between a detection actual

speed 3 and an estimation speed 17 cbtained from the



first order delay. 13. An elevator system according to any preceding

claim _ 28 wherei n supply of said
deviation signal into said speed control loop is restricted when said
deviation signal is . 24

rigid body model system 15, and a2 ripple signal 37 which
is the difference between an estimation speed 286
-cbtained from the higher order model system 25 and the
estimation speed 17 obtained from the rigid body model
syst@ﬁ 15 are cobtained as speed ripple signals, both the
ripple signals being switched by a switch 39 to cbtain a
speed ripple signal 23.which is supplied to an adder
point 7 thg@ugh a signal converter 24.

| Here, for example, consider the case of the
cage being neaxr 220m in the graph illustrated in Fig. S.
At this time, the system turns the switch 39 to the
ripple signal 37 which agts as the speed ripple signal
23. The switch is turmed onto the ripple signal 38 side
in the case of the cage being at any other position. 1If
& ripple signal source is switched in accordance with
the pesition of the cage in such a manner, it ié
pessible to aveid being unable to detect a ripple
compenent at a certain position of the cage (if
vibration is produced in the cage near 220m, it is
difficult to detect the state through the ripple signal
38), and it is also possible to use a signal having
reliability as high as possible. Accordingly, it is
possible both te realize the éomfsztable riding and to
ensure reliability in an elevator system which is
required to have particularly high reliability.

As has been described in the foregoing

@mb@dimgnt,.there is a frequency characteristic from the

adder 7 to the electric motor 11 with respect to a



not smaller than a predeterni ned value. 14. An el evator system according
“to any preceding claim wherein said deviation signal is supplied to said
“speed control loop through a high-pass filter. 15. An elevator system
‘according to any preceding claim wherein said deviation signal is
supplied to said speed control |oop 4+HR¥dugh a band-pass filter. 16. An
el evator system according to any preceding claim

:igple frequency. Further, there is a change of gain
because of controlling two ripple signals by switching
in this embodiment. Accordingly, a function to adjust
the phase and gain is provided in the signal converter
24 to thereby provide stable control to suppress
vibration.

Further, sine the ripple signals are used
alternatively in the embodiment of Fig. 11, it is not
always necessary to perforxrm cperation of both the .
signals in parallel at the same time. Therefore, for
example, only a signal to be used as a ripple signal is
calculated in feed-forward in accordance with the
position of the cage. Consequently, it is possibla to
emit an unnecessary operation processing, so0 that there
ié an effect to use an inexpensive micracam@utef if the
load on a processing unit is reduced. |

As has been described, accoxding to the
present invention, it is difficult to suffer a bad
influence such as noise mixture from the cutside, and it
is possible to éomtr@l the phenomenon of vibraticn of a
cage while aveiding a special additional device causing
cost up. Accoxdingly, it is possible to rxeduce an
uncomfortable vertical vibration of the éag@ caused by a
rope system. Further, it is possible to simplify the
adjustment of the gain, phase and so on of a vibration

supprassing signal.



wherein said deviation signal is supplied to said speed control |oop
through a plurality of routes. 17. An elevator system according to C aim
16, wherein said input routes include filters for passing only a
plurality of special frequency conponents different from each other. 18.
An el evator system according to any prdeding claim wherein said el evator
rigid body nodel systemis constructed by a software of a conpensation

rope, a

1. An elevator system comprising & cage, an elevator
driving device for driving said cage, a speed instruction
device, an elevator séeed dgtg@ﬁicn davice, and a speed

_ control loop for controlling said driving device in
accordance with a deviation of a detection elevator speed
£rom & speed instructi@né further comprising an elevator
model supplied with a speed instruction for ocutputting an
estimation speed of said driving device when a mechanical
system up to said cage is regarded as a perfect rigid
body, so that a deviation signal of a detected speed of
sald driving device from an cutput of said model is
supplied to séié speed control loocp.
2. aAn elevator system according to Claim 1, wherein
said detected speed for cobtaining said deviation signal
is a motor speed of said elevator driving device.
3. An elevator system according to Claim 1, wherein
said detected speed for obtaining said deviation signal
is a cage speed of said elevator.

"4. An elevator system according to any one of the

preceding claims, further comprising varying means for

varying an input signal to said speed
ce with a running condition of said elevator.s

control loop in

5. An elevator system according to Claim 4, wherein
salid running condition of éaid elevator is a position of
said cage or a quantity of passengers.

6. An elevator syétam according to claim 4 or claim §,

. wherein said varying means includes mean

|

. -

8 for controlling




m croconputer. 19. An el evator system conprising a nain rope, a
conpensati on rope, tw sheaves, a cage, a counterweight, an elevator
s driving device for driving said cage, a speed instruction device, an
el evat or speed detection device, and a speed control |oop for controlling
said driving device in accordance wrt B7a~devi ati on of a detected el evator

speed froma speed instruction; further
. the gain of said deviation signal.

7. An elevator system according to any one of claims 4
to 6, wherein said varying means inélud@g means for
controlling a value of phase of said deviation signal.
8. An elevator system according to any one of the
preceding claims, wherein constants of said elevator

model are variable in accordance with a guantity of

passengers in said cage.

8. An gl@vat@r_system acéazding to any preceding claim,
wherein the interval of speed detection of said driving
device used for use for calculating said deviation is
shorter than the interval of speed detection of said
speed control loop. '

10. An elevator sysfém according to any preceding claim
whgrein the motor sgeed of said elevator driving device
and the speed of said cage are switched so that one of
them is selectively uséd as the detected speed of said
driving device in accordance with the running condition
of said elevator.

i1l. An elevator system according to claim 10, wherein
said detected speed of said driving device is selectively
switched in accordance with the position of said cage.
12. An elevator system according to any cone of the
preceding slaims, wherein said elevator mocdel includes
‘portion and an

means for approximating a power converter
slectric motor portion of gaiﬂ driving device with a
first ordexr delay. |

13. An elevator system according to any preceding claim,
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conprising a first elevator nodel supplied with said
29 speed instruction for outputting an estimation speed of said driving
- device when a nechani cal systemincluding said cage, counterweight,
sheaves and ropes is regarded 28

wherein supply of said deviation signal into ssid speed
control loop is restricted when said deviation signal is
not smaller than a predetermined value.

14. An elevator system according to any preceding claim,
wherein said deviation signal is supplied t@'saidlspeed
control loop through a high%pass £ilter.

i5. An elevator systém according to any preceding claim,
wherein said deviation signal is supplied to said speed
control l@@g through a baﬁdspags £ilter.

- 16. Anr elevator system according t@'any preceding claim,
wherein said deviation signal is supplied to said speed
control lcop through a plurality of routes. '

17. An elevator system according to Claim 16, wherein
said input routes include filters for passing only a
plurality of special freguency components different from
each other. |

ding claim,

are

18. An elevator system according to any pr

whexéiﬁ said elevator rigid body model system is

nsation rope, a

>ted by a software of a comg

construs
microcomputer.
19. An elevator system comprising a main rope, a

compensation rope, two sheaves, a cage, & counterweight,

an elevator driving device for driving said cage, a speed
instruction device, an elevator speed detection device,
and & speed control loop for controlling said driving
device in accordance with a deviation of a detected
elevator speed from a speed instruction; further
comprising a first elevator model supplied with said

A

&

<o



as a perfect rigid body, a second el evator nodel supplied wth said speed
I nstruction and including an el evator nechanical systemfor outputting an
estimation speed of said cage, and neans for supplying a conpensation
input to said speed control loop in accordance with the outputs of said
first and second nodels. 20. An el eva®%r~system according to Caim 19,
wherein said second el evator nodel includes a nechanical system node

constituted Qe SRS £t Whrprietiny | 88 estimation speed of
said driving device when & mechanical system including

said cage, counterweight, sheaves and ropes is regarded

as a perfect rigid body, a second elevator model supplied
with sald speed instruction and including an elevator |
mechanical system for outputting an estimation speéé of
said cage, and means for supplying a compensation input
o said speed control loop in aecordagce with the outputs
of said first and second models.

20. An elevator system according to Claim 18, wherein
chanical system

said second elevator model inéludes a me
model ccnsﬁituted by three masses of a cage, & driving
device and a counter weight, and a spring system of a
main rope.

21. An elevator system according to Claim 19, wherein
said second elevator model includes a mechanical system
model constituted by a signal mass of a cage, and a
spring system of a main rope between said cage and a
driving device.

22. An elevator system according to any one of claims 19

to 21, wherein a deviation signal between the outputs of

- gaid first and Sécaﬁd models is supplied to said speed
contrel loop, and said system further comprising varying
means for varying said deviation signal in accordance
with a running condition éf said elevator.

23. An elevator system according to Claim 22, wherein
. said running condition of said elevator is a position of

said cage or a quantity of passengers.
_/
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device and a counter weight, and a spring systemof a main rope. 21. An
el evator systemaccording to Caim19, wherein said second el evator nodel
“includes a nechani cal system nodel constituted by a signal mass of a cage,
and a spring systemof a main rope between said cage and a driving
device. 22. An elevator system accor@bg to any one of clains 19

24. An elevator system according to claim 22 or claim

€or

23, wherein said varying means includes means

cantf@lling the gain of said deviation signal.

25. An elevator system according to any one of claimsg 22
to 24, wherein said varying means controls a value of
phase of said deviation signal.

260 An elevator system éﬁ@@f@i@g tc any one of claims 22
to 285, wherein c@nsfants'cf sald first or second elevator
model are variable in accordance with a position of said
cage or a quantity of passengers in said cage.

27. An elevator system according to aﬁy cne of claims 22
to 26, wherein the interval of estimstion speed detection
of saild driving device for use for calculating said
deviaticon is shorter than the interval of speed detection
of said speed control loop. |

28. An elevator system according to any one of claims 22
toc 27, wherein supply of said deviation signal into sa;d
speed control loocp is restricted or prevented when said
deviation signal is not smaller than a predetermined
‘value or includes a fregquency component other than
predetermined ones.

28. An elevator systam-c@mgrisiﬁg a cage, an elevator

speed instruction

driving device for driving said cage, a
device, an elevatcr speed det@cti@n device, and a sﬁega
control loop for controlling said dﬁiving device in
accordance with a deviation of a detected elevator speed
from a speed instruction; further comprising a first
elevator model supplied with said speed ingtructien for
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to 21, wherein a deviation signal between the outputs of said first and

. second nodels. is supplied to said control |oop, and said systemfurther
conprising varying neans for varying said deviation signal in accordance
with a running condition of said elevator. 23. An elevator system
according to Caim22, wherein said-=r@dni-ng condition of said elevator is
a position of said cage or a quantity of passengers.

cutputting an estimation speed of said driving device
when & mechanical system including sasid cage is rgggr@ed
as a perfect rigid body, a second elevator model supplied
with said speed instruction and including an elevator

mechanical system for outputting an estimation speed
said cage, and means for supplying said speed loop with
either one of & first deviation signal between the ocutput
of said first model and the output of said second model
and a sec@éd deviation signal between the output of said
£irst model and said detected speed.

30; An elevator system according to Claim 29, further
compriging a means for switchably inputting selected one
of sald £irst and second deviatian.signals in accordance
with the position of said cage. |
31. An elevator system according to any one of Claims 19
to 30, wherein said first or second elevator model
includes meanslfo@ approximating a power converter
portion and an electric motor portion of said driving
‘device with a first order delay.

32. An elevator system according to any one of Claims 29
to 31, further comprising means for preventing said
deviation signal from being supplied toc said speed
control lgoé-when said deviation signal is not smaller
than & predetermined value.

33. An elevator system as herein described with

reference to the accompanying illustrative drawings.
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- 30 - 24. An elevator systemaccording to claim?22 or claim 23, wherein
sai d varying neans includes neans for controlling the gain of said

" deviation signal. 25. An elevator systemaccording to any one of clainms 22
to 24, wherein said varying neans contgrzol s a val ue of

ELEVATOR SYSTEM

The present invention relates to elevator control, and its object is to provide a
method of suppressing the vibration of a mechanica] system of an elevator cage.

The structure is such that an elevator mode] system (15, 25) is provided in a speed
control system (2, 4, S, 7, 10, 11, 22, 24), and an electric motor (6) is controlied in

wrm:w&ﬁ;avﬂﬁa&mmmmmmxﬁmgs@gmldad@edonthebmﬁscﬁﬂmsow@mmofﬂmm
model and so on.

Since it is pcssfble to extract a vibration. component of an elevator cage to thereby
pecform the vibration suppressing control by using this ripple signal, comfortable riding
with less vertical vibration can be realised. |

Figure 1.
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phase of said deviation signal. 26. An elevator system according to any
one of clainms 22 to 25, wherein constants of said first or second el evator
nodel are variable in accordance with a position of said cage or a
guantity of passengers in said cage. 27. An elevator system according to
any one of clainms 22 to 26, wherein the interval of estimation speed '
detection of said driving device for=use-for calculating said
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deviation is shorter than the interval of speed detection of said speed
control loop. 28. An elevator system according to any one of clains 22 to
* 27, wherein supply of said deviation signal into said speed control | oop
is restricted or prevented when said -deviation signal is not smaller than
a predeterm ned value or includes a frequency conponent other than
predeterm ned ones. 29. An el evator syt em conprising a cage, an el evator
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driving device for driving said cage, a speed instruction device, an

el evator speed detection device, and a speed control loop for controlling
said driving device in accordance with a deviation of a detected el evator
speed froma speed instruction; further conprising a first elevator nodel

supplied with said speed instruction for
- 3 -

TIME t (s)

WITH NO COMPENSATION

u.
WITH COMPENSATION

CAGE ACCELERATION (m/s2)
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- 31 - outputting an estimation speed of said driving device when a
mechani cal systemincl udi ng said cage is regarded as a perfect rigid
body, a second el evat or nodel supplied with said speed instruction and
i ncl udi ng an el evat or mechani cal system for outputting an estinmation

speed of
- 4 =
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said cage, and neans for supplying said speed |loop with ei ther one of a
_first deviation signa

out put of said

system according to C ai m 29,
of said first &nd second deviation signals in

I nputting sel ected one
accordance with the position of said cage.

GAIN(dB)

PHASE (DEGREE)

. bet ween t he out put
out put of said second nodel
first nodel

of said first nodel and the

and a second deviation signal between the
and sai d detected speed. 30. An elevator
further conprising a neans for sw tchably
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31. An el evator systemaccording to any one of Clains 19 to 30, wherein
said first or second el evat or nodel i ncl udes neans for approximting a
power converter portion and an electric nmotor portion of said driving
device with a first order delay. 32. -An elevator system according to any
one of Clainms 29 to 31, further conprising neans for preventing said

devi ation signal from being supplied to €ard speed

1+T2-8
1+T1 .S

PN

B~

fo




control |oop when said deviation signal is not smaller than a
predeterm ned value. 33. An elevator systemas herein described with

" reference to the accompanying illustrative draw ngs.
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