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Equi-pment—for—vibration danping of a lift cage The present invention

rel at es nt for reducing or danping vibrations of a lift cage
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used for control of a plurality of actuators arranged between the cage and the guide

elements. The actuators are in that case controlled by a regulating device, which is
connected with the sensors, in such a manner that they work in opposition to the arising
vibrations and thereby suppress these as effectively as possible.

A typical characteristic of the method known from EP 0 731 051 B1 as well as other
methods for reducing vibrations of lift cages in accordance with the state of the art is that
these operate with regulators which are linear and invariable with respect to time. The
reason for that is that, in the design of the regulator, non-linear processes can be taken
- into consideration only with difficulty and accordingly for simplification of the concept of the
regulator the starting point is that the disturbances which occur are linear. However, the
consequence of that is that undesired vibrations can arise when the regulator is switched
on at the beginning and end of travel of the lift. The cause of that is that in this connection
non-linear changes in the state of the system are concerned and cannot be controlled by

the linear and time-invariable behaviour of the regulator.

The object of the present invention is accordingly to indicate the possibility of avoiding
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non-l.inear changes in the state of the systemare concerned and cannot be
controlled by the linear and tine-invariable behaviour of the regulator.
The object of the present invention is accordingly to indicate the
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regul ator Tﬁgdr{wgarlerQse insgééc;rggn \%rt'h thé |nventlorr]1 allow adaptation of the behaviour of the
regulating device, which is fundamentally designed to be linear and time-variable to the
above-mentioned non-linear processes. In particular, the vibrations arising during starting
up and stopping of the lift, during loading and unloading of the cage and during switching-
on and switching-off of the regulating device, and even shocks attributed to an
inappropriate reaction of a linear regulator to non-linear system changes, can be

suppressed by measures which are comparatively simple to undertake.

According to a preferred example of embodiment of the present invention the speed-
variable or time-variable mode of behaviour of the regulating device is realised in that the
error signals or regulating deviations fed to the regulator and/or the setting signals, which
are produced by the regulator, for the actuators are weighted with time-dependent or
speed-dependent parameters. For this purpose several amplification blocks, by the output
signals of which the error signals or setting signals are weighted, can be provided within
the regulating device. A part of these blocks is in that case responsible for realisation of
the speed-dependent behaviour of the regulating device, whereagainst so-termed time
delay blocks are responsible for the reaction to the switching-on and switching-off of the
regulating device. This solution is distinguished by the fact that it is comparatively simple

to realise. In particular, it is not necessary to influence the actual regulator converting the



are produced by the regulator, for the actuators are weighted with

ti me- dependent or speed-dependent parameters. For this purpose several
anplification blocks, by the output signals of which the error signals or
setting signals are weighted, can be provjded within 2 HNYERN#UEing
device. A part of these bl ocks is in that” case responsi ble for realisation
of the speed-dependent behavi our of the regul ating devi ce, whereagai nst
so-terned tinme delay blocks are resBonsi,bIe for the reaction to the

swi t chi ng®6# a'eaa@mﬁzﬂlipﬂdh%neio Hito SR '”Qr%@’&ﬁl%ltf?rn@ed%ﬁﬁﬁl%t@rs TH @“%Ia@ﬁﬂ itRe-i s
di stingui 3REFHN rdd\Ratorehn iMAlbd dsedBsGRMapaiti vely sinple to realise. In
particular, it is not necessary to influence the actual regul ator
converting the 20 JANUARY 2006 3 error signals supplied thereto into
setting S%\Qé@hfﬁ figra baﬁ.ca%vly%aéﬁed 'éxér'nBPeaéf @ﬂﬁoa.ﬂneﬁt of tfag?fré@é% ‘?q\feﬁt%H feor
can thus be use as In past. According t particu preferred
exanpl e ofegslioai deine @@mpﬁ@Spmmmalnmntamm. ﬂw@elyr@@gsm@n mggdeter ged an
conpri ses, g

accel er at 2ot allof FElatoE D e ook fon PATRAI, B, B8 askn olisieor S8adibing
for so rethd @@ttlm@ of tthe gsidet ehegwe@fs wil rgwed:é teltkengnide nils Hhates petfmclentiy higs
gui de rai t t I : I
imes. | ThiampiB retld oueReBBlet b1 AR, THATRERE: (ERKS othSr BER A heutlad o
hol di ng t the fage hotting HBEI cdgel body tshell gfielle thai puide panlsl pattigulagly eaven thee
correspon i T e t]

regul at orgb#%%rﬁggl ai n?gﬁje(gg?éongu(h%r (lraasﬁrsS %et/ﬁﬁér%a% Fotthg V\E:&eg%agé'?sﬂgg@?to{'he
cage franthesgapainstcis t@aﬁﬂpp@%othbenmamwwctmnsheat ulnreaegmé@mandrwbichauaget
val ues of ch .t g t

t hen correrggé?r%%ogﬁéem t}He VE%sség wht%h%Fg%ég{aﬁtae? eofqﬁ& %’]Icgg §Nrﬁé’hn qutl ng
si gnal . Trdgslatoisuof dire anmatcbra seek| amﬁpmnemmndmwsmmam apg1feBlto tmekes

It possi b%ﬁy&%r?%%'So%%%wtr{gcg%ﬁalmmé QBR R AMAER ks EFeaMrﬁﬂn Rorh@sP o

are nutua osed opti mum manner possi e case of
use of thé3t @bl Bdparakes itrpagaible torpsirsue the tywe @bew%tmegntlmezd/obje@tlvea winich indfacty

i near |y afdhatiahepBoTld, i fidlrhoR limbhemBRRlddaileegul ator after

swi tching-on of the regulating device, whereagalnst the accel eration
regulator is activated only with a certain delay intime, simlarly with a
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raise the amplification of the position regulator after switching-on of the regulating device,
whereagainst the acceleration regulator is activated only with a certain delay in time,
similarly with a linear rise. After switching-off of the regulating device, thereagainst, initially
the amplification of the acceleration regulator is linearly reduced to zero and the position

regulator is also switched off only with a certain delay in time.

The invention is explained in more detail in the following on the basis of the accompanying
drawings, in which:

Figure 1 shows a schematic illustration of a lift cage guided at rails;
Figure 2 shows the signal flow diagram of a system for active vibration damping; and
Figure 3 shows the signal flow diagram of the regulating equipment designed in

accordance with the invention.

Before the regulating equipment according to the invention is explained in more detail, the
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of an overall systemfor active danping of vibrations or oscillations of a
lift cage wll initially be discussed by reference to Figure 1. The cage
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one another.

Two electrical actuators 10, which exert on the respective levers 7 a force acting parallel to
the associated springs 8, are provided per roller guide 5. A first actuator 10 in that
instance moves the centre lever 7 together with the associated centre guide rolier 6, where
against the second actuator 10 moves the two lateral levers 7 together with the associated
lateral guide rollers 6. The setting of the levers 7 or of the rollers 6 and thereby the
position of the lift cage 1 with respect to the guide rails 15 is thus influenced by way of the

actuators 10.

The cage oscillations or vibrations to be damped by the equipment according to the

present invention arise in the following five degrees of freedom:

- displacements in X direction
- displacements in Y direction
- rotations about the X axis
- rotations about the Y axis
- rotations about the Z axis



agai nst the second actuator 10 noves the two lateral |evers 7 together with
t-he associated lateral guide rollers 6. The setting of the levers 7 or of
the rollers 6 and thereby the position of the Iift cage 1 with respect to
the guide rails 15 is thus influenced by way of the égfiﬁHQﬁ%”%ﬁ. The cage
oscillations or vibrations to be danped by the equi pnent according to the
present invention arise in the following five degrees of freedom -

di spl acenents in X direction - displacenments in Y direction - rotations
about the X axis - rotations about the Y axis - rotations about the Z axis
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eval uation O e sensor signa
current position of the lift cage 1 in relation to the two guide rails 15 and additionally inform

- whether the cage body 1 is currently subject to accelerations which can lead to vibrations.

A control apparatus 14 fastened to the roof of the cage body 2 processes the signals
transmitted by the sensors 11 and 12 and controls, after evaluation of the sensor signals,
the electrical actuators 10 of the four roller guides 5 with the help of a power supply unit in
order to counteract the accelerations and vibrations in appropriate manner.

Before the design of the control apparatus 14, in particular the regulating device arranged
therein, is explained in more detail it is still to be pointed out that in the case of the lift cage
illustrated in Figure 1 a special feature consists in that a rotational movement sensor 13,
which measures the rotational angle of a guide roller 6 associated therewith, is provided at
a roller guide 5 (here at the righthand upper roller guide). The measurement values
obtained by way of this rotational movement sensor 13 give information about the travel
path of the cage and about the current travel speed thereof in vertical direction, thus in Z
direction. The speed-variable regulation according to the present invention as described in
the following is thereby made possible.

Figures 2 and 3 show the signal flow diagram of the system according to the invention for
active vibration damping. The basic build-up according to Figure 2 in that case
substantially corresponds with the method as also used in EP 0 731 051 Bi. The
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The regulating equipment 19 is composed, as already mentioned, of two regulators, i.e. a
position regulator (K;) 20 as well as an acceleration regulator (K,) 21. The reason for use
of two separate regulators is that an objective of the regulating equipment 19 consists of
suppressing cage vibrations in the high-frequency range (between 0.9 and 15 Hz, and
preferably between 0.9 and 5 Hz) without the regulated lift having a worse behaviour
outside this frequency range than the unregulated lift. On the other hand, the regulating
equipment 19 has to ensure that the setting of the cage frame 3 with respect to the guide
rails 15 is so regulated that a sufficient damping travel at the rails is available at any time.

This is particularly important when the cage 1 is asymmetrically loaded.

For the first regulating purpose an acceleration or speed feedback with inertia sensors is
sufficient, whereagainst for the second regulating objective a position feedback is required.
The two feedbacks have two opposing objectives, which are pursued by the use of the two
separate regulators 20 and 21. As illustrated in Figure 2, the position regulator 20 takes
into consideration exclusively the measurement values of the position sensors 11 and is
correspondingly responsible for maintenance of the guidance play of the cage 1. The

acceleration regulator 21, thereagainst, processes the measurement values of the



bl ock- 18, thereagainst, the accel eration values of the accel eration sensors
12 are negated, 1i.e. subtracted fromthe ideal or reference value 0 (no
accel erations), whereby the second error signal ea is produced. The
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regulators, i.e. a position regulator (Kr) 20 as well as an accel eration
regul ator (Ka) 21. The reason for use of two separate regul ators is that
an objective of the regulating equipnent 19 consists of pressi ng cage
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the two regu ors are summa e sunmatio and

a conmmon peeition negidatgnad acts nere stronglsit ors 10. The sol ution for avoi dance of
t he above-nentioned conflict between the two regulators 20 and 21 is based
on the circunstance that the forces responsible for a skewed position of
the cage Theatweoabevenmentionssl regukading gobigctivere caadie parsped derough «ivision abthe
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sources o nce causi ng t cage brations. These are princi
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contain non-linearities. An analysis of stability and thus a corresponding configuring of the
two regulators would otherwise be possible only with difficulty.

The design of the position regulator 20 and acceleration regulator 21 as linear regulators
has, however, the consequence that these cannot react in suitable manner to non-linear
processes which arise, for example, during starting up and during braking of the lift cage or
during switching-on and switching-off of the regulating device. In order to be able to take
these processes into consideration, the behaviour of the two regulators 20 and 21 is now
designed in accordance with the present invention to be time-variable and speed-variable,

which will be explained in the following by reference to Figure 3.

Figure 3 in that case shows the extended signal flow diagram of the method according to
the invention, wherein only the extended regulator device 19 is shown, since the other
parts of the system - cage, actuators and sensors - remain unchanged.

The time-variable and speed-variable design of the regulating device in accordance with
the invention is achieved in that the error signals e,, which are delivered by the summation

point 17, for the position regulator 20 are initially weighted or multiplied by specific factors



anplification changes in the frequency range are always continuous, i.e.
tthere are no fixed |imts. At a defined frequency, the tw regulators 20
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21 acts nore strongly and below that the ,position redUWERLYGcts nore
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The amplification factors kg and k,, delivered by the time delay blocks 23 and 24 are, in
addition, also respectively multiplied in the blocks 27 and 28 by a speed-dependent factor
key and k,, so that the amplification factors ke, for the position regulator 20 and k. for the
acceleration regulator 21 result. The speed factors ke, and k,, are produced by two blocks
25 and 26 which ascertain the two weighting factors in dependence on the speed value v
is determined by the rotational speed sensor 13, wherein the speed-dependent
amplification values are filed in tables and linearly intabulated. It is important that the two
amplification factors ke, and ks, dependent on the absolute amount of the speed v are
themselves never zero, whereby it is ensured that regulation still takes place even when
the cage is at standstill.

The amplificaticn factor k,u, which is formed in the just-described manner, for the
acceleration regulator 21 is then multiplied in block 29 by the output signal or setting signal
of the acceleration sensor 21. The amplification factor ke for the position regulator 21 s,
thereagainst, multiplied in the multiplication block 28 by a modified error signal ep and fed



verti-cal speed of the cage. The tine-variable behaviour of the two
regulators 20 and 21 is produced by two so-termed time delay blocks 23 and
24, which are controlled by a common "on' or "off signal wth the val ue 1
or 0. After switching-on of the regulating device ini£§HYYARNRIOS
anplification factor kpt for the position regulator 20 is continuously
noved up and, in particular, with a linear rise fromO to 1. The
anplification factor kat for the acceleration regulator 21 thereagainst

fol l ows, WA PESUERre9Ha@ErBy in time, sinmilarly with a linear rise fromo
to 1. After swi tching- off of the regulating device, initially the
amplification kat for the acceleration regulator 21 is linearly reduced
from1 toThe e &igpal rstdaliMerednhy ithe cammatidnastask kptis fitselft sl sukipeti iona
regul at or r |
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kav dependén ol Ut e anoun e speed v are ves never
zer o, whedepsndence ondrayel seeedhat regul ati on stl || takes place even when
the cage is at standstill. The anplification factor kavt, which is forned
in the just-described manner, for the acceleration regulator 21 is then
mul ti pl i edhé swiithiog oger itselftsheuldutobtowsivgn dle aarrierbodtiabgupslygaabs nof totpneduce
accel erat b f@ﬁ%?% tg&lltle-gheTﬁér%rl\sfe'qﬁéﬁt')p@edg r"eﬁt ntnh@m{ tfrgr'isuﬁd?\elsp%u/ Q.Q/itE
- regul ator %ereagal nst, mul 15°Cat i on bl 8
by a nodi fheehelércvfoan §rrgn§!gnebn@d§tﬁathnede\29e jmgmlw ﬂm)@ ocgs 30 to 37, wherein

block 31 initially switches an output signal from 0 to 1 when the (directionally independent)
travel speed v exceeds a threshold value vg,. Block 32 is a low-pass filter and causes a
time-delayed continuous change in the output signal in the case of abrupt change of the
input signal received by block 31. The output of the low-pass filter is multiplied in block 35
by the linear position error, whereagainst a difference between the reference value 1 and
the output value delivered by the low-pass filter 32 is produced in the summation block 34.
The sum of-the amplification values fed to the multiplication block 35 for the linear error on
the one hand and to the multiplication block 36 for the squared error on the other hand is
thus always 1, i.e. the component of the squared error continuously reduces after
exceeding of the limit speed v,,, whereagainst the component of the linear error increases.
The linear and squared position errors weighted in this manner are superimposed in the
summation block 37 and finally multiplied in the block 38 by the time-dependent and
speed-dependent amplification factor keyw. The values weighted in this manner are
ultimately fed to the position regulator 20 as input signals.

The weighting and amplification, which is realised in this manner, of the position and
acceleration regulating loops enable adaptation of the behaviour of the regulating device to

non-linear processes which arise during switching-on and switching-off of the regulator



to the position regulator 20. The error signal ep delivered by the
summation block 17 is itself still subject to a nodification which takes
into account that in the case of relatively large deviations in position,
as can happen at standstill of the cage (for exanple AUWANMPRYOHES ng), a
quick correction has to be available. In-order to take this circunstance
into account, the square of the position error ep wwth the sane sign is
formed in block 30 so that on the one hand a position error ep is present
i n | i near andAxiing §tasing-He apdHsekinguefl thenlift gage.ed dexisive bdvariege ohthe soiution
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in the ou t signal i.n the case of abrupt change of the 1nput signa

recei ved %Hgﬁpgsgrb& %ﬁh output of the lowpass filter is multiplied in
block 35 by the linear position error, whereagainst a difference between
the reference value 1 and the output value delivered by the | ow pass
filter 32 is produced in the summati on bl ock 34. The sum of -t he
anplification values fed to the nultiplication block 35 for the |inear
error on the one hand and to the nultiplication block 36 for the squared
error on the other hand is thus always 1, i.e. the conponent of the
squared error continuously reduces after exceeding of the limt speed v,,,
wher eagai nst the conponent of the linear error increases. The |inear and
squared position errors weighted in this nanner are superinposed in the
summation block 37 and finally multiplied in the block 38 by the

ti me-dependent and speed-dependent anplification factor kp t. The val ues
weighted in this manner are ultimately fed to the position regulator 20 as
i nput signals.



The weighting and anplification, which is realised in this manner, of the
position and acceleration regulating |oops enabl e adaptation of the

behavi our of the regulating device to non-linear processes which arise
during switching-on and sw tching-off of;the regul at of® YOV MNUGARy 2006 10
and during starting-up and braking of the Iift cage. A decisive advantage
of the solution according to the invention consists in that the position
and accel eration regul ators can be designed, as before, to be |linear and
time-invariable and thus the cost for uring the regulating device is
I ncreased overall only slightly. Taking into account of the tinme- dependent
and speed-dependent factors can be carried out in that case w thout greater
cost, so tRat tHAuRMDeRdor eguriagivikatinnsafiediitcage (fl heuidgdiab railst(15)k complising: t o
the invention S8Rl TdeCan | B, | O S T, .
swi t chi ng over Eag I\kjep‘@'rt\?toﬁgbﬁenéeﬁgéqwgn@teﬁ\gggaﬁu r@n rrhgr'm:?%p)f%rgnq hhg rails
posi tion of1®he guide el ements additionally nakes it possible to achieve,

at standstill of I f4 Lekest . [ l.at.i | ct
fo changes i n postErs, (Jo TANGARY SuBE PAyRERE Refiobs Ut M i ctob o ERer
reduci ng vi br at iasaeletdtioas loceurriopgbthellift gpgieddll at rails (15), conprising: a
plurality of qgui I I I, di { Lift ¢ 1

the rails (15) a%gaf‘éﬁgg@to? fﬁ',g”%‘% odduebin i ?‘J?%bq Gc?gﬁ‘f’ith%%“' 8%3%@8@52%”@%&
lift cage (1) ar@Mdor accelerations occurring at the lift cage (1), an
actuator (10) ar : hn e, Lde elenents (5,
6, 7) and a rega{J’I%zrg’tg ﬁ'&gg’%%%g“%gg’f‘le\%‘h‘}”cﬁ‘%oﬁasﬁéf g%g?ésk}%f‘gr\%ﬁje efgomqr?e Sensor
transmitted frorilthe2)wengols the atiualar)(1@)oiet changing theapdsitidroof the®agkat) relative
changi ng t he poqg)g'eogé"gﬁg)he cage (1) relative to the rails (15),
characterised in that trge tegul ating device (19) has an anplification

vari abl e i gharacterised in that the regulating device (19) has an amplification variable in

dependence on the vertical speed (v) of the lift cage (1).

2, Equipment according to claim 1, characterised in that a signal representing the
vertical speed is detected at a lift drive and transferred to the regulating device (19) by way
of a suspension cable.

3. Equipment according to claim 1, characterised in that the lift cage (1) comprises a
speed sensor (13) which detects the vertical speed and the measurement value of which
is converted by the regulating device (19) into a speed-dependent amplification factor (kpy,
kav), which is multiplied by an input signal for a regulator (20, 21) and/or a setting signal,
which is detected by the regulator (20, 21), for controlling the actuator (10).

4, Equipment according to any one of the preceding claims, characterised in that the |
regulating device (19) comprises an error signal modification device (31 to 37), by way of
which the error signal (e,) ascertained by position sensors (11) arranged at the lift cage (1)
is fed as modified error signal to a position regulator (20)

- in squared form below a predetermined limit speed (vs,,) of the cage (1) and

- in linear form above the limit speed (V) of the cage (1).

S. Equipment according to claim 4, characterised in that the change from the squared
to the linear error signal and conversely is carried out continuously in the case of
exceeding or falling below the limit speed (vg,).



dependence on the vertical speed (v) of the Iift cage (1). 2. Equi pnent
according to claiml, characterised in that a signal representing the
vertical speed is detected at a |ift drive and transferred to the
regul ati ng device (19) by way of a suspgnsion cabl e. 28JANHRYIBNT
according to claim1l1, characterised in at the lift cage (1) conprises a
speed sensor (13) which detects the vertical speed and the neasurenent

val ue of which 1is converted by the regulating device (19) into a

speed- dependent anplification factor (kP,,, ka"), which is nultiplied by
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Equi pment accor.ding to any one cl ai,.ns to, 3, aracterised in.tha e
regul at| ng BETF BrianceRBRmaEs o e Reiten JRob Bt aPomq Shi e Aele dish Payiats
t he act uat (21)(@k8)summatep @and ¢t & tha astugial($0) ds @sumposEtionaigreaknsor s (11),
which are arranged at the |ift cage (1), in such a manner that the guide

el enments (5, 6, 7) adopt a predeterm ned position and an accel eration
regul ator 21) vitjuipmentacaardinghe claitmuBit draradjisechindtiyat nide megulating devigea(18)

fromaccel erati.on sensors, (1 l,C . ar A i f . n
Such & manRRIPLER 30THS Seleyrdege! e g+ BbRefl confifle ot el dm Rl & d
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. accel erati e gl%%HHIC%TtIBFI after switching-off of the regulating device.

8. Equipment according to claim 7, characterised in that an amplification factor (k),
which is formed by a first time delay block (23), for the position regulator (20) linearly rises
after activation of the regulating device (19) and linearly drops to O after switching-off of
the regulating device (19).

9. Equipment according to claim 8, characterised in that the drop of the amplification
factor (k) for the position regulator (20) is carried out delayed in time after switching-off of
the regulating device (19).

10. Equipment according to any of claims 7 to 9, characterised in that an amplification
factor (ka), which is formed by a second time delay block (24), for the acceleration
regulator (21) linearly rises in time-delayed manner after activation of the regulating device

(19) and linearly drops to O after switching-off of the regulating device (19).

1. Equipment according to claim 10, characterised in that the amplification factor (k)
for the acceleration regulator (21) rises, after activation of the regulating device (19), in
time-delayed manner by comparison with the amplification factor (kp) for the position
regulator (20) and that the lowering of the amplification factor (k) for the acceleration



(21) are summted and fed to the actuator (10) as a summation signal. 7.
Bqui pment according to claim®6, characterised in that the regulating device
(19) conprises a tine delay device (23, 24) which continuousl raises t he
anplification of the regulating device {19) after act? VY HH B0 t he

regul ati ng device (19) and continuously'Towers the anplification after
switching-off of the regulating device. 8. Equipnment according to claim?7,
characterised in that an anplification factor (kpt), which is fornmed by a
first timeregylalpr debckeging)diretty afthe spiching-off ofelyel regolating0jeviden 1) whereses
after actiy, .

after smﬁt(ﬁ%ng dﬁﬁh%?ﬁnéﬁ%H%ﬂ&% g¥g éf§§3%§2st%gqeb@%&Eébﬁb%%§?%§%§3$dme'
to cl ai m 8dedyadaareersed in that the drop of the anplification factor
(kpt) for the position regulator (20) is carried out delayed in time after
switching-off of the regulating device (19). 10. Equi pnment according to
any of clains 7 to 9, characterised in that an anplification factor (kat),
which is formed by a second tinme delay block (24), for the acceleration
regulator (21) linearly rises in time-delayed manner after activation of
the regulating device (19) and linearly drops to O after sw tching-off of
the reqgul ating device (19). 11. Equi pnent according to claim 10,
characterised in that the anplification factor (kat) for the acceleration
regul ator (21) rises, after activation of the regulating device (19), in

ti me-del ayed manner by conparison with the anplification factor (kr,) for
the position regulator (20) and that the lowering of the anplification
factor (kat) for the acceleration 20 JANUARY 2006 13 regulator (21) begins
directly after switching-off of the regulating device (19), whereas

| owering of the anplification factor (kpt) for the position regul ator (20)
takes place in tine- del ayed manner.



