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of travel are measured by several sensors mounted at the cage and the signals thereof are
used for control of a plurality of actuators arranged between the cage and the guide
elements. The actuators are in that case controlied 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 thét 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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on at the beginning and end of travel of the |ift. The cause of that is
that in this connection non-linear changes in the stai,g Uxﬁ§2a%sten1are
concerned and cannot be controlled by the |inear and |ne I'nvari abl e
behavi our of the regulator. The object ob the present invention is
accordingly to indicate the possibility of avoiding II1l. VIl *000002* 20
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measures which are conparatively sinple to undertake. According to a

pr ef erredP®¥Ceml e of enbodi ment of the present invention the speed-
variable or tine-variable node of behaviour of the regulating device is
realised_l,nth t he,
he measures in accordance with the invention 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 distinguiéhed by the fact that it is comparatively simple
to realise. In particular, it is not necessary to influence the actual regulator converting the
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delay in r%,se 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



simlarly with a linear rise. After switching-off of the regul ati ng devi ce,
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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 roller 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



I nstance noves the centre lever 7 together with the associated centre guide
roller 6, where against the second actuator 10 noves jNEaNYMRY #of! al

| evers 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 danped by the

equi pnent according to the present invention arise in the following five
degrees of freedom displacenents in X direction displacenents in Y
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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 reguiation 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 B1. The
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descr i besetrpesigrd)ieats RIVEAS t he positions of the roller guides with
respect to the reference setting. In the summation block 18, thereagainst,

t he accel %Lg trclagourllalt\lln%;l <—l:»quuS|pn(')ufantt 9e|sacco(r:1£|a;loesreg t ésoglrésaed}sr%reﬁtio%zedf%? twnoe%agtl.t?aqors. i.e. a
position regulator (K,) 20 as well as an acceleration reguiator (Ka) 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



I.e. subtracted fromthe ideal or reference value O (no accel erations),
whereby the second error signal ea is produced. The regylagiRg fgui prent
19 is conposed, as already nentioned, of two regulators, i.e. a position
regulator (Kr) 20 as well as an accel eration regulator (Ka) 21. The reason
for use of two separate regulators is that an objective of the regulating
equi pnent 19 consists of suppressing cage vibrations in the high-frequency
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a common setting sig to the actuators 10. The solution for avoi dance of
t he aboveposiinn egulbir@Xaqte mabeeliRRdY t he two regul ators 20 and 21 is based
on the circunstance that the forces responsible for a skewed position of
the cage 1 (a non-symetrical | oadin t he

of . cage, a large lateral c
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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



I nfl uence. Above that the acceleration regulator 21 acts nore strongly and
below that the position regulator 20 acts nore st ronghwﬂﬁ 1 %806
above-nmentioned regul ating objectives can be pursued throug ‘aél vi si on of
the regulating equipnent 19 into a positgon regulating circuit and an
acceleration regulating circuit. A further advantage of the division
consists in that the regulators 20 and 21 do not <contain non-linearities.
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the device.

The amplification factors ke, 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 kqy so that the amplification factors ke, for the position regulator 20 and k,y 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 k,, 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 amplification factor ks, 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 kpy for the position regulator 21 is,
thereagainst, multiplied in the multiplication block 28 by a modified error signal ep4 and fed



value 1 or 0. After swtching-on of the regulating device initially the

anplification factor kpt for the position regul ator Zgoi.IﬁfoRR¥izﬂd$°US|y
noved up and, in particular, with a linear rise fromO to 1. The

anplification factor kat for the acceleraion regulator 21 thereagai nst
follows, with a certain delay in tinme, simlarly wwth a linear rise fromO
to 1. After. swtching- off of the regulating device, initially the
anplifica{it%n kat. for the la‘,ﬁcel eration regulator 21 is linearly reduced
from 1 t o DNEREHIGRJESHEY  FHe anplification factor kpt for the position
regulator 20 is lowered in tinme-delayed manner. The staggered placing in
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st andst i | bloek 3theitigiagevi(dhes aecarmit gighal frorg 0 Wwadwhg) thea(dipectidnally independent)
travel speed v exceeds a threshold value v;,. 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 key. 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



correction has to be available. In order to take this circunstance into
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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
vs, N, whereagai nst the conponent of the linear error increases. The |linear
and squared position errors weighted in this nmanner 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 ultinmately 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 enable
adaptation of the behaviour of the regulating device to non-linear
processes which arise during sw tching-on and swi tching-off of the
regul at or 20 JANUARY 2006 10



and during starting-up and braking of the lift cage. A decisive advantage
of .the solution according to the invention consists i QOBMAM)?OO‘@OS' tion
and accel eration regul ators can be designed, as before, to b I near and
time-invariable and thus the cost for copfiguring the regulating device is
i ncreased overall only slightly. Taking into account of the time- dependent
and speed-dependent factors can be carried out in that case w thout greater
cost, so that the entire regul ati ng behavi our of the equi pment according to
the invention can be significantly inma in sinmple manner. The
swi tching over between the linear and the square error signal for the
position of the uide el enments additjonally mak ihle to achieve,
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variable in depengence on vertical speed (V) t cage
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the vertical spee rafis pehected at a lift drive and transferred to the

regul ati ng device (19 suspensi on cabl e. 3. Equi pnent
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val ue of which
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,
kev), 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 (v,,) of the cage (1) and

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

5. 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 (vs,).



is converted by the regul ating device (19) into a speed- dependent
anplification factor (kpv, ke"), which is mul tiplied b %#W&B ¢Si gnal

for a regulator (20, 21) and/or a setting signal, mhlc |s ected by the
regul ator (20, 21), for controlling thgpactuator (10). 4. Equi pnent
according to any one of the preceding clains, characterised in that the
regul ating device (19) conprises an error signal nodification device (31 to
37), by way of which the error signal (er) ascertained by position sensors
(11) arranged at the lift cage (1) is fed as nodified error signal to a
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ari sing at are suppressed, wherein the setting signals of
t he positi(@)regaimmated 209 Teghia tog a@thetoa&%aéraawrawape@a|9éla (21) are
sumat ed and fed to the actuator (10) as a summation signal. 7. Equipment
according to claim6, characterised in that the regul ating deyice (19
conprises & ti mEquipnasNt csgpeding i claim B, hrEstersed; Rubas the F%ﬂ%%g‘gté?é'& (19)
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regul ating B

i ce and” conti nuousl | ower s %Eg{ ngét atlton aflte
swi t chi ng- r@eplaimgtdleélqeéga) afterastivipnL earegegﬁ}‘f‘s jce4 ﬁ‘a{‘ {iyosholowess,
char aCter't?\%%mﬁ‘llchBﬁén aftered Mt dhirigCelt bfaRe Feguigting(devide. which is formed by a
first tinme delay block (23), for the position regulator (20) linearly rises

8. Equipment according to claim 7, characterised in that an amplification factor (Kpt),
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 ampiification
factor (ku) 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 (k.), 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).

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



after activation of the regulating device (19) and Iinearly drops to O
after swtching-off of the regulating device (19). Fﬂk‘hﬁﬂﬁ@tzo ccordi ng
to claim8, characterised in that the drop of 'the arrpll I cation actor
(kpt) for the position regulator (20) ig carried out delayed in tine after
swi tching-off of the regulating device (19). 10. Equi pnment according to
any of clains 7 to 9, characterised in that an arrplification factor (kat),
which is forned by a second tinme del ay bl ock Oiré?;l for E g{ tion
regul at or (eBYjatp§ k&R Peging §€§CWnaftPrrr§W'éFél”@@ﬁ drodptiag é’tciev %) omhegpas
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the reqgul ati ng device . Equi ﬁment according to claim1l

char acterlé%léYE%n‘taﬁ@ﬁrt he arrpl ification factor (kat) for the accel eration
regul ator (21) rises, after activation of the regulating device (19), in
ti me-del ayed manner by conparison wth the anplification factor (kpl) for
the position regulator (20) and that the lowering of the anplification
factor (kat) for the acceleration 20 JANUARY 2006 13 regul ator (21) begins
directly after switching-off of the regulating device (19), whereas

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



