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1 Description: 5 Method for the design of a regul ator
for vibration danping at a |lift cage The invention
relates to a nethod for the design of a regulator for

vi bration danping at a |ift cage, wherein the

regul ator design is based on nodel of the [ift cage.
10 Equi prent and a nethod for vibration danping at a
lift cage has becone known by the Patent Specification
EP O 731 051 131. Vibrations or accelerations rising
transversely to the direction of travel are reduced by
Dgse gﬁPH regul ation so that they are no | onger
perceptible in the lift cage. Inertia sensors are

an?eﬂeat the cage frane for detection of
UHhe desig saf%'Héemr vibratipg famning at a §ift cage

regul at or autonatlcally guides the lift 15 cage into a
entre osition in ne case of a one-sided skewed

THS 1N TS 15,8 TeInoh o o desion af # seaulpler T Nitpetiam daspping at a
lifs €8ge) whefaid eyrebiiatoiaasigh R Bakd balaiRsdd| of Helitdg8.
regul ators. A nultivariable regulator for reduci ng the
vi brations or accelerations at the |lift cage and a

E&ulbhféﬁf andl btmmbua&l FbraB ldafPingf &Ta RicA$E RAE Bechthe tkhswn by the
de rollers or the upright 20 position of

Pgt?@}/ ﬁPP‘E'}%aé'gg Eff @ T3 RATHBY. Vitwations: ari acgelsraliens sisivg transversely to

tHeWBiréiBH | oft avel re reéb&@?iabﬁ% A GEAIARIN §ortﬁ§ﬂ°ﬁf99' ¥® no ionger
act uat or for rol |l er gui dance and for hori zont al

PEficPeitle ith e#ﬁ@ae%g Inestiassonges 3 arrangrsaldhe sage fraanelforodetection of
niedSureiieht ¢a06s. WMur&dvet %@%Weﬂb@slﬁcﬂf‘%scﬂ%t&létﬂ&naﬁ&ﬂy guides the lift

Si gnl ficant structural resonances

c3gssain 2 ReriERoRRAdtionra the ¢rse ) aranersidasiikewnd ositio Friativgyto the guide
dil§, Wheteiipodiieh 8ens ﬁ;g;mp{h%

rrefl ned ?et hods rf}orrsse uct i onééiéﬁr%wr\{%ﬁ‘g&é?&g? nlregulators

As a consequence thereof the nodel -based regul ator i's

AGﬁMNdrMbFéQ'@QbI%r ftrebigding H%ewbrai{&{ét 6?&3 e'rétlofné %@ir% i} cage and a

u,qlg % The invention, as characteri In c
furtbet @ 't't'?f@béﬁaie@e{at%fforame'mﬁnﬁgcq pfdhey pbm&mmmdieramhe upright
phsN oMHN G RRE Kb PoiBes] Nthe ggfljlgﬁ ds‘?t\;/ ﬁ%qge 6 rre?ﬁlators are

desi gn of a regul ator. Advantag prment s
Slﬂrﬂ’\‘?é%fjuad'ﬁ CSPHOH Eeseettve ackialas éorc!@'t?é Syigancepandfor hOB@ntal direction.
claims. 2

The regulator design is based on a model of the lift cage, which takes into consideration
the significant structural resonances.

It is disadvantageous that the overall mode! has a tendency to a high degree of
complexity, notwithstanding refined methods for reduction in the number of poles. As a
consequence thereof the model-based regulator is equally complex.

Here the invention will create a remedy. The invention, as characterised in claim 1, meets
the object of avoiding the disadvantages of the known method and of proposing a simple
method for the design of a regulator.

Advantageous developments of the invention are indicated in the dependent patent
claims.
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Advant ageously, in the case of the nmethod according to
the invention an overall nodel of the lift cage with
known structure is predeterm ned. There is concerned in
that case a so- terned nmulti-body system (MBS) node

whi ch conprises several rigid podies. The MBS nodel
describes the essential elastic structure of the l[ift

Adagretagéduslyt irethgujade or e mémoaradcérhmgﬁom inbRtich @PoVerhll model of
with the I‘aI|S The nodel

he f u
RSt ol i Bisite % praeeisofieg, Thedus coasared Mg case a so-
t@‘B‘fedH‘ﬁlﬁl%OﬂY @yﬂémS(MBS)dmﬁﬁl @{théétﬁnﬁ%é?%f@&&éﬁnéu@%o&ﬁ@ The MBS
sed.are to ntified

mpgelositfies Meelsnial S8 Stfclufs af bt Cope i tumguigs rollers and the

aﬁmawagwmleﬁomsreﬁce%odphag WA ehe guReGaIMATRE Mbded phRfneters are
red functions or frequency responses.

piih 5 1EeieE P oster Sl G RUTICT 87 RRbT T Watreiring pareeters for the
lift Loage i vatish Wé tBed exre rtal bev &Hdnﬁﬁlécﬁ%r td@térlﬂﬁfeunmrﬁ%dﬁ&%b the transfer

ameters are chan in orde achi eve a great est
ARG oy Ereporsss: &lns model SisCoRRsR MR e mapsured transfer
furietor’c bi v:@quedwyatespangb%rrpwm feshep & ah heﬂgérltlﬁrh foRdPtifsation of
el f usable for the transfer functions or frequency

f%éﬁ?ib‘in‘g' SeYSranables tiiestaied quehearea@éerﬁ@r%ﬁewg@& in order to

abhletd @ gretast hbossibleAfrdehfent esponses are neasured by the
accel eration sensors or by the position sensors. This

nodel - based desi gn nmethod of the regul at or guarant ees
Mokebvieg st |smanbbeowthav the Néthe aﬁmaﬁbrdeémp.ﬂg sfyé’t%mt 8€the lift cage is

th ff t
o R o RO el Bolery HwSocet s e v, The

cags tsodxditbatbyameaadtwwst arfidtheSiedPbreses ar8Nfed8Péd by the acceleration
consi st.en of the Iift cage is present.

SRPEHPrRYe QQP?t'?%éeﬂsé’@%I ator based on this nodel has a
better grade or a better regulating quality. Moreover,

't‘ t hod be s%stematl cally described and can be
'ﬁr'ﬂg&ﬁ -ba5e ﬁ’ﬁﬁ'sa raafhof &f 1the regulatar suarenieesi the kest pgssible active

vibRAbH ABmbirEor 1RaSRfvidlibl lift Bad@wilFodsy ditfefdht baemididised

paraneters a robust nultivariable regulator is
designed for reduction in the acceleration and a

It RO Shéired b@relﬁé”a%b% niePtionEy AERITREESh ﬁ'fetlﬂ:lda%at QE a nléghult the simplest
I%gl de rol]ers. 30 The accel eration re%u at or

Qs %"F'S@m mogghefihe ift £age ispreset. ¢ A a@%aaeoeswm reghlator based

on this model has a better grade or a better regulating quality. Moreover, the method can
be systematically described and can be largely automated and performed in substantially
shorter time.

Based on the MBS model with identified parameters a robust multivariable regulator is
designed for reduction in the acceleration and a position regulator for maintenance of play
at the guide rollers.

The acceleration regulator has the behaviour of a bandpass filter and the best effect in a
middle frequency range of approximately 1 Hz to 4 Hz. Below and above this frequency
band the amplification and thus the efficiency of the acceleration regulator are reduced.

In the low frequency range the effect of the acceleration regulator is limited by the
available play at the guide rollers and the position regulators to be designed therefor. The



m ddl e frequency range of approximately 1 Hz to 4 Hz.

Bel ow and above this frequency band the anplification

and thus the efficiency of the accel eration regul ator

are reduced. 35 In the |ow frequency range the effect

of the acceleration regulator {s limted by the

avai |l able play at the guide rollers and the position

position edguiatort kashiae eﬁecrgnaothé hitrcage follows & &eaﬁ%mbw the rail profiles,
Lator ha the fect that elift ca aollo

Wb e fon fGuRigricolsts 3 festimeal fiavefeing s contiet of bjectives

|saeﬁleé@rmtth£tnthbemd pdqulateraUgreSeffectias in diffteait MEY(RFBY tranges. The

onflict of objectives is solved in that the two
PR oL 16 SOSHPRLTIRIST o tarah By Ihes CasecelLIBHC joq\ERGES and then

détreasapThi$ inaink amatof hdshibie RASHaCIePiBtid @Igal lowt-piiss fitet. 2CBAversely, the
ies and t 5 decreases.

th |
a#ﬁlga C%’ggla?fﬁthagvtg %t%ai'qﬁm@ﬁ'eﬂzﬂnaaét% r%‘i“i‘%‘clﬁ’ﬁ a | ow pass

filter. Conversely, the accel eration regul ator has a

smal | . [ification | ow frequencies. In the high

17 P B JeSUEEE e 319 SBECIoP TicacrsIiaraagsiptor 1 lmited by the
efagtittlyadf alie iifs chger TREIfilRy sirﬁtﬁuraﬁte@&ﬁérfiﬂetdéncﬁcchhﬁt Ifcbrfe!xample 12 Hz,

The flrst structur resopnance can occur fo
WEBHTE IS Valde [ Sroyigh SsBRn g G JReaR.of orgirigliag, o the it cage and
cﬁiﬁlﬁ@ﬁ@ﬁi‘itarﬂly I6Wer. NisiRe Hie ﬁr@ﬂéﬁdctlﬁél' réortinck R fegliatéraaR no longer

can I Si g E cant | awer . Above the first
r%@?ﬁé%t‘%qe e%%ért & CP %vg Ul N8 K QveR eetatt thapstructural resonances
afecghtited bh tha antdtAItpchv rigd. Wi GRARde b theTBﬁ'ldrhlé is%/atéﬁtnmodel of
exi sts. t ha Etru ural resonances are excited

thergedater pe lgecam e 30 JasiEned Bt s cambe ayrided.c

system nodel of the regulator path the regul ator can
TF SO dg ﬁg&d that this can be avoided. 15 The present

fPERTED AnYetian ¥ splaiedninnBre detedien die basisisthg @companying
figlres,asepgpanying figures, in which: Fig. 1 shows a

mul ti-body system (MBS) nodel of a lift cage, 20 Fig.

2 shows a guide roller with roller forces, Fig. 3 shows
Fig. setti ngsl%vﬁ@mulﬂﬂbédi( ﬂ/dte@te(mm)l fbdel 3k Hftcage,and

sensors, 25 Fig. shows a schematic illustration of

t he regulated axes, Fig. 5 shows the anplification of

Fighg neasugiksiveog gaide raller With adIkr Rircddie 1dentified nodel,

Fig. 3 shows a setting element with guide roller, actuator and sensors,

Fig. 4 shows a schematic illustration of the regulated axes,

Fig. 5 shows the amplification of the measured acceleration and of the identified
model,

Figs. 6 and 7 show an optimised reguiator with the identified parameters for active
vibration damping,

Fig. 8 shows a signal flow chart for the design of an H  regulator with regulator

and regulator path,
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30 Figs. 6 and 7 show an optim sed regulator with the
identified paraneters for active vibration danping,

Fig. 8 shows a signal flow chart for the design of an

H., regulator with regulator and regulator path, 35 4

Fig. 9 shows the course of the singular values of a

position regulator iny direction, Fig. 10 shows the

Figo@r se of shives shegtduege \obll the simful@anvalges o raitpogition regulator in y
regulator ;iny 5 direction and Fig. 11 shows a force

si gnal fond"'%%%)f"t ation of the actuators. The MBS nodel

has to reproduce the significant characteristics of the

lift cage with, to respect to travel copfort. Since in .
Fighdcace. SHORRILIR FOUrSa! O SROHIVaUs b pa ASoplpraton reguiator in y
possi bl e diediparande only with |inear nodels, all

non-1linear effects have to be disregarded. The first

natural frequencies of the elastic Iift cage are so | ow
Fighat t hey skews 8Ysrte aignalifohexchatiohQof thesdtstosol i d body

natural frequencies of the entire cage. is As shown in

Fig. 1, at least two rigid bodies are required for

TH® gMBSi l’ﬂa?élhﬁhselcﬂﬁiéggédddef fjhecgigﬁific(:jéht dh&@ite/risﬁaeg of heélYift2cage with
ana cage Tra L € PO na cage trane ar e L .
EBAride feue! O TorL RO Be Suse ALAFREaIaN ¢ dha Pararisters s possible
td Gyerste-dn®y Wit lisetl enodets) lafinoAMndar eHeicts HavdU6 ®8 diérb§arded. The first
tran§m SSi Qn olf sol i d- barne sound fromthe fra_rre to th%
natypal figgHencigs,p Wso%ﬁticr@t cage; A1g; §p oW that gy can; gverigp with the so-
tepmbl iseRcebddyt materanmediehcieg aethe @dliredda@ecage frame overal |
as one body. 20 The transverse stiffness of cage body 2

and cage frane 3 is substantially |ess than the

ASshbWn @B Figl M, atqedst&Rb riflidriRigsQite rddlired FemBgelifitel esktic lift cage
by divisiop in_each instance into at least two rigid
1b%ﬂv%§ cage kedx,2 @ &%3’?@@ S . Gagghody %aa%&aa%gemﬁrﬁﬂf@sconnected

bﬁ mkaf8df SastomEhie sFﬁﬁdgs| £33 4 5\\heRRUErROPERSE iR @ation 4. This reduces
ed by sprin .1 and 6.2 and_can

orizontally cou s 5 6 ,
tfﬁ_etrarzsa?'mb?ffo%@dj Mg Lmdyr%%we@@r@a 9 #18,6798 eqy. For modelling a
rigitnig ehg®N it id BEriGYhds coRditid dagé bbdy and cad PaHRE BSEralivat Bne body.

t he proportional nasses of |evers and actuators
The transverse stiffness of cage body 2 and cage frame 3 is substantially less than the
stiffness in vertical direction. This can be modelled by division in each instance into at
least two rigid bodies, namely cage bodies 2.1 and 2.2 and cage frames 3.1 and 3.2. The
at least two part bodies are horizontally coupled by springs 5, 6.1 and 6.2 and can be

regarded as rigidly connected in vertical direction.

The guide roflers 7.1 to 7.8 together with the proportional masses of levers and actuators
can be modelled by at least eight rigid bodies or also disregarded. This dependent on the
associated natural frequencies of the guide rollers and on the upper limit of the frequency
range which is considered. Since the natural frequency of the actuator/roller system can
lead to instability in the regulated state, modelling by rigid bodies is preferred. These are
displaceable relative to the frame only perpendicularly to the support surface at the rail
and are coupled with the roller guide springs 8.1 to 8.8. In the other directions they are
rigidly connected with the frame.

As is shown in Fig. 2, the guide behaviour or the force coupling between guide rollers and
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can be nodelled by at |east eight rigid bodies or also
di sregarded. This dependent on the associated natura
frequencies of the guide rollers and on the upper limt
of the frequency 30 range which is considered. Since
the natural frequency of the actuator/roller system can
lead to instability in the regul ated state, nodelling

glder tdils ds hﬁ@bﬂﬁnt‘ S S%@tfaﬁ léll?donlg hes %grr?or\zght?aplfﬁ'ﬁg aé%lmponents are

relatlvetoth frame on endi cul ar
negRR5amnt fog fermatian of ﬂi'ﬁhéwﬂa h%wlmiéommnwmmshwhlme result from

thed kdlirg EBbisiSncEP [caR Y5e %rsi‘ega?dé% 8 Thbhdrikal & Ee? Irrﬁsult],s fom the elastic

di rectJ ons they are connected W
CRBPIRSSioq cgﬁB%mFP'leﬁ CPY%['”QZQ 1 tkhé &uibe anehavtr@maveme fole resuits from

tHeDsffle BOMIREhTHe Qﬁ‘élpﬁﬂlheg‘ﬂ ﬁb'a? F]osth%q'glkﬁ ?ljallécl to the rail

tial ZOI’]

ortant. Subs

af‘ameggféleﬁ%ﬁaﬁ@mnsofmce’emeet: ébfarq}ler egntfeqpaindt i on of the
nodel . The vertical force conmponents, which result from
the roI | ing resistance, can be disregarded. The nornal

ﬂiesfof'@\@ﬁﬂtfﬂétlﬁsh@ﬁla& reteyapt essi on of the
roIIer coverlng 9.1 to 9.8. The axial or transverse
force results from5 the angl e between the straight
li nes per perdi A& Fre' he rol ler axis and paraliel to {1}

the rail rg\nd t%r@%%m%é&%bﬁ%ﬂfw vement pf t he

roller centre poln the e follow ng
rel ati onsHi ps aplkliqueirenning angl®inqRA]= - tan(a)* FRN*K FRA

: rollingeforce I.al  di N ' obllque
runni ng aﬁg”l e i Bd"F’Pgéﬁcgrgﬁﬁ#éﬁ?%\el ﬁ"ﬂ‘?@o? %ﬁ%%ﬁw

t he suppoKt sufr ¢enstari Wjthet:dirnemsidra otenininad by lﬁeaﬁaﬂﬁ
determ ned by nmeasuring 15 20 25 {1} The force Iaw?
is at the latest invalid when the limts of the static

The faree daw {tr iseatathe lateshirivalitl adienethé liastsi of thB &st@RSRicEEn force are
rea8hdiPadRbN QY fh tUAs09r 7LE ogﬁqu-léhriuﬁnihgs; aFaSl%i S %argglrdiy greater
at low travel speed and at standstill amounts to approximately 90 degrees. The force law
{1} thus applies only to the moving cage.

For the rolling force in axial direction with cage moving, there then approximately applies:

Fra = - Va/ Vk* Fan* K

Fra= - va *(Frn* K/ vy)

vk : vertical speed of the cage [m/s]

Va: speed of the cage in axial direction [m/s)

K is a constant and v and Fgry can be regarded as constant when the biasing force is
significantly greater than the dynamic proportion of the normal force. This means that the
rolling force in axial direction is proportional and opposite to the speed in axial direction
and conversely proportional to the travel speed of the lift cage.

Transverse vibrations of the cage are thus damped by the rollers like a viscous damper,
wherein the effect is smaller with increasing travel speed.
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at low travel speed and at standstill anmounts to

approxi mately 90 degrees. The force law {1} thus
applies only to the noving cage. For the rolling force
in axial direction with cage noving, there then

appr oxi mat el y applies: FRA = - VAl VK* FRN * K FRA=
- VA* (FRN*KI VK) vK : verti cal s%eed of the cage [ms] VA

(AL
2o i 108 S RO kg s o s v

& AROWi2RsPYy 1P o Mbierairs thes raler gwdarsprnyg Qrmadmesmﬁmce between
Iévbﬁ afly Bage fraieO NOY E!:tQQtOPﬁ 1 (pR&ILRRE %Brcte‘%{cﬁﬁ% Rmua SRR Yoller guide

that the 30 rollin orce in axial
SBHRgy o PP8THEM S%ﬁ?rdgﬁ%ﬁw@&tbe Ppeitierpeldbieileventd ar of the guide roiler 7.

AR dceferdlion sSBRSOCRINRASHEY tH SRRIdratRA%df the ik gl fSar%(eii"{)?endlcuIarly to
ns-o

speed of the Iift cage. Transverse vibratio
”l?aﬁ'@pﬁft é”ffﬁ%"fdﬁ?rﬁ%@r esvering Srapi the puideraibl4 Thesteberence numerals of

tﬁéai‘Hé.EéctlveVéT@rhSth %’Bﬁsﬂ ERSdn IrF'Fré”ﬁ' \‘ogrex‘gh‘@lib 'aﬁgﬁgﬁﬁ'cgge 1 at the

travel speed hown 1 n
P%‘Pméf‘éheir'%tﬁdo%ﬂe%ﬂetpw1'h1-t1li-’e1 dég‘é frane 3 by a

| ever 10 rotatable about an axis 10', wherein the

roll er guide spring 8 produces a force between |ever

Fapd lowes eauiden fg! erfAﬁ’ hde T d@gelllerpw@dmtmfmctaoamn |sgnsors are

pRATRL! #lthé ffttdage MO! |EAddHEnd Soyr EP uid BI%% § ?%nt%&gther with
e R Pl Hpiog 50

12 neasures thé position of
agiupiges ansl pesition 59515¢(i$ cae@iﬂ%beamrpwde@ eﬂib@ numbenefamwelesatlon SENsors

18 R&qe8 RLAE IR vith ¢ E?‘ﬁuh’lbg Oﬁ%gﬁla?édpﬂege\mgr‘é!)“ng\p%%stttﬁree and at

t he support surface o e ro coverihg

mest tieagcaiqration sensersrase raMides. nuneral s of the

respective elenents apply as shown in Fig. 1 (for

exanple, at the |ift cage 1 at the bottomon the

As shpwn |n7F|g 4.donthe @ictive vibration damping o the, liftt@age) 1 theGuimber of axes is

re'dgléé’d A @ghf ® s’ r fodr {PCthfed a%&g@]hgﬁ faH:M r}?@%tﬂﬁt 3 gnly at the

and position sensors are provi
b‘PtFP”add?\ttWélﬁt of signaigphar Pguuanefaroadtmter farée, t positiod and acceleration

bél@fgj%t lBeéacW efxﬁ; AﬁCt'Fﬁ%tlﬁt’i& B8 thd 85t {ﬁg rﬁnm‘ﬁ'hg riﬂ'[él%sggctlve axial

provid nunmber of accel er on séens
S%&m apda %ﬁsé@rﬂbﬁ@ymm of axee ofithetsystest. regul ated axes,
wherein at least three and at npbst six accel eration

sensors are provided. . _
The signals of the lower and the upper roller pair between the guide rails 14.1 and 14.2

are combined as follows: The force signal F6, for the actuators 11.1 and 11.3 or the force
signal F8, for the actuators 11.5 and 11.7 is divided into a positive and a negative half.
Each actuator is controlled in drive only by one half and can produce only compressive
force in the roller covering. A mean value is formed from the signals of the position
sensors 12.1 and 12.3 and the same applies to the position sensors 12.5 and 12.7. A
mean value is similarly formed from the signals of the acceleration sensors 13.1 and 13.3
or 13.5 and 13.7. Since the acceleration sensors 13.1 and 13.3 or 13.5 and 13.7 lie on
one axis and are rigidly connected by the lower or upper cage frame, they in principle
measure the same and in each instance one sensor of the respective pair can be omitted.

In the case of measuring travels, one or more actuators is or are controlled in drive by a
force signal as shown in Fig. 11 and the lift cage 1 is so excited to vibrations transversely
the travel direction that clearly measurable signals arise in the position sensors 12 and in
the acceleration sensors 13. So that the correlation of the measurements with the force



15 As shown in Fig. 4, for the active vibration danping
of the |ift cage 1 the nunber of axes is reduced from
eight to six, or four to three axes when active
regulation is only at the bottom A triplet of signals
Fn j, Pni, an; for actuator force, position and
accel eration belongs to each aX|s An. The i ndex

sighalsCeant bd‘hﬂllﬂgy ﬂéfgﬂmfﬂeﬁguédélﬂf B dt(‘.(reo Lﬁaiglor ;?a(?r is controlled

a n st ds or the nu er axes
'%é%‘fe 2‘}‘3 nsingtabies 1 8t lepplas Hapy "Eﬁairtﬂgéraysbearemm@rary as active
aRéd arelqrbviesd the guide rails 14.1 and 14.2 are
conbi ned as follows: The force signal F61 for the
actuators 11.1 and 11.3 or the force signal F64 for
5 Tebe factuators 11.5 and 11.7 is divided into a positive
and a negative half. 25 Each actuator is controlled in
drive only by one half and can produce onIy conpreSS|ve

force i n[TERcifHlioh! nogp_A Ne form
fromthe| si gﬁg,lnﬁmg%gfjg\éﬁgﬂgm tion gﬁpg?éésgﬁgﬁ 3. and %42. 3

and the pame applrEgs t0 tNe [positgon 5e:>u:>-"5 d
12.7. A |lmean valU®' is sim]l ar |y lJT’%rmed from3The
signals pf the acE&f eration [sensdP& 13.1 and 463.3 Qr
13.5 andl&wel eratlon sgnsors_13.1 gnd
13.3 or 30 one axi§ and e
rigidly connectedFly the | ower orPéipper |cage d8;ane,
they in principleggneasure tjhe s and |in eaa

I NSt ancer-ene s'=.”.sor5 ofthe rlespecti’ve pdir can’be
omitted.|In the cB®e of measurindlsravel|s, orasor ngre
actuators is or are controlled in drive By a force
signal as shown in Fig. 11 and the lift cage 1 is so
excited to vibrations transversely 35 the travel

Tok freguenep spbatum betel furce%&t_ﬁarsaés Welbag Rl hedduré® pbsltidd'§ignals and
on se t he accel erati on sensors

0 aBGRMGH'SETAIE Rie CRPrBNGs By Fabps ResioaioBnEHestraRear functions in
thehfedu@hep rdndgd SR atequERdy Fé% bidds2 bl Y wgeéte(h@ Qﬁ#{ﬂ%‘“ﬁé@én& @ as

only one actuator or act Uat o pai f/ contr ol
ar@umeat ars dshﬂmned Nn tB& e lspctrh & Xhe Qﬁed’éﬁfbfné?ﬁésa‘r'é 'd‘lﬂded by the

O el ary as active axes are pr ovi d
aSRgB P B ML (% Ok SOBAI o1 1BalNBAS r Brfbsex of the measurement
arsd jmg manmuﬁf)ﬁﬁ forgel mul t aneousl y

15
0"ufo)= £
Gai,j(al)r- ;’—((Z—))
_|G"@)
o)~ o)

20 Gy (a)) are the individual frequency responses of force to position and G (a)) are the
individual frequency responses of force to acceleration. The matrix G* (m) contains all

frequency responses of force to position and matrix G“(a)) all frequency responses of
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F61P61a6, F62P62a62 F63P63a63 F64P64a64 F65P65a65
F66P66a66 The frequency spectrum of the force signals
as well as the measured position signals and 10

accel eration signals are determ ned by Fourier
transformation. The transfer functions in the frequency
range or frequency responses f{w) at the angul ar

S aredter nedl t hat t he
fér%gg#rgg@é R rial 'Ir;%é'j‘gr%&‘ &{g@{) argpg r&p‘{, 56 Wrgcpfgbmatnon of G*{w) and
5)90 ated spectrum of the force signal. In that case i

he index of the measurement and j is the index of

the force. 15 20 GP1, 1{vv) are the indi vi dual frequency
ition and Gai'j (CO are the

FLESRPDSES f rce to
P@?’&ﬁgb’&?% GBS b8 %P F 42 ér@n§f§r functions and for a 3-axis
s&ﬂeml matx or= 18 franstet funstidas] Wh tROBasH HrScaRles ha?@?%uﬁrmr)é of gravity

03|t|on and matri X

res g orce to
R ?"‘? E&?ﬁ dbe Ghlds T2, 143 and Hot theceaupiings athihe correlation
bamerthtt'@( \Wvo alidrizeftal fd?r@cildilﬁ %€hhd Ol ar ORRAR AL iFgP tﬂgt feason only
5 r%:v%wa\ileq haﬁfg ; -axi s systemthere thus ts

pproX b ‘(ﬁ"k%?%'f !éfPC"P[ﬁ] istfurdhey usad the reraalemmemg @ccluded due

tesinadi@quale dorelation. = 18 transfer functions. In the case
of cages having a centre of gravity lying on the axis
between the guide rails 14.1 and 14.2 the couplings and

ThéewBSrm@:leiltdf QRe cbg V@ gbRdtal ¥inBSY ‘sis‘?é}hal TS ech non-linear
or that reason only approxi mate

X an
chmpttte % Fukdnesrsedoeseis Progupe iman apoepriateneperationsl state by

NGrRBREdaN idifterértiation. eNﬁ'th@ﬂﬂeéﬂb@atet abd IRE MR Prodel
ngrrel ati on. 10 The MBS nodel % the cage |s°d|en'sgg?15ecnb?d by the

oWiNg&IMaRASi em If this contains non-linear
conmponents, a fully linearised nodel is produced in an

appropriate operational state b
Be= Ax +

y=Cx+ Du

x is the vector of the states of the system, which in general are not externally visible. The
states of the system in the present case are:

positions and speeds of the centre of gravity in the solid body model, as well as rotational
angles and rotational speeds. Derivations of the states are speeds and accelerations.
Speed is thus both state and derivation.

The vector X contains the derivations of x according to time. y is a vector which
contains the measured magnitudes, thus positions and accelerations. The vector u
contains the inputs (actuator forces) of the system. 4,8.C and D are matrices which

together form the so-termed Jacobi matrix by which a linear system is completely
described. The frequency response of the system is given by

G (w)=D+C(jwl - 4)"'B.
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nunmerical differentiation. In the linear state space
the MBS nodel is described by the follow ng equations:
15 &=Ax+Bu y=Cx+Du x is the vector of the states of
the system which in general are not externally
visible. The states of the sy§ten1in the present case
are: 20 positions and speeds of the centre of graV|ty

i Il as_rotational
TIPS = TR S R B an
tep sade amdbaccelcem&trisoﬂes inputP e dne Seblak'Sy baRd) cah@ls AN Frequency
derivati n Hé g r A contains the derivations of Xx
f%%’é’&?%ﬁ?fg ¢ YES mode |'le‘é?9¢ector which 25 contains the
nmeasured nagni tudes, thus positions and accel erations.
The vector u contains the inputs (actuator forces) of
‘Pf’&oé&/@?@%"oﬂ taing alipartiy) derivationswf aj systennaf eguatipngetmibe case of a
Ilﬁéﬂrﬁsstsltlﬂ.&nsﬁ toUpRS diereial '@Ehét‘ldhsbbff W’?ﬂr 6hieR ltHJé‘éaére the_constant

coppl et el descri equency resp
°8¥f??'ﬁ%‘s§§ﬁleeﬁn3§§”%9ﬁ“§9°&§o G‘(vv) D+C( jwi- A} -' B. 9
G'(w is amtrix with the sams nunber of |ines as

asurerrents in the vector and the sane nunber of

T8g) [ieAe! gentainsus AURDER Oty MelBNOWN apRTaSHra siechalds, for example,
nfeaegreaiRels ah@SRAsERESarRf at ﬁ\ﬁnﬁ@soﬂgpgcﬂgr Rﬁoﬁﬁgnngﬁﬂéers stith as, for

Jacobi matrix contains all parti Ivati

e3eRlensRYING.tRles ARASameing penstanie  df isaneqessanito dgentiéintheise poorly
k@D p&randitdrs e"l'ﬂétidélh'tlf Elidatd &?ﬁe@&utjiﬁtthé?rtﬁéefre%ﬁ%%? FeHofises of the

e const ant coefficients of
”'}?Q?'r"f‘@ecé’mpﬂﬁ%d wiadhe psasured drequansybiespeTsese| Thekpaswy known model

paranRIGE F S cﬁé*fd%datﬁr an Qﬁtlrﬁééﬁm ﬁgontﬂrq dHEif e r‘ﬁm?rﬂ&ﬁccﬁqﬁe sum e of

masses and a nunb of poor | arameters su
alf gpviationsef the fﬁﬂﬁuﬁﬁ@/ rﬁap@zseanﬁtr@an@dah@ foumd b)atttesneasturectfrequency
rddggmsesary to identify these poorly known paraneters.
TEe identification is carried out in that the frequency
responses of the nodel are conpared with the neasured

frequency responses. ghfmfgﬁléfnom nodel
- »

€ (w) = W(CU)
\/ G, ()
e= Z ; ; [e‘.d. (a))]z

w(a;) is a weighting dependent on frequency. It ensures that only important components

of the measured frequency responses are simulated in the model.

An optimisation algorithm can be briefly circumscribed as follows: A function with several
variables is given. A minimum or maximum of this function is sought. An optimisation
algorithm seeks these extremes. There are many various algorithms, for example the
method of fastest degression seeks the greatest gradients with the help of the partial
derivations and rapidly finds local minima, but for that purpose can pass over others.
Optimisation is a mathematical procedure used in many fields of expertise and an
important area of scientific investigation.
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paraneters are changed by an optim sation algorithm
until the mninmmof the sume of 15 all deviations of
the frequency responses of the nmodel is found by the
measured frequency responses. e.l(w) =f G~~~ (w - |
G1l(wl VG j (col e[e;,1(0jgl 20 Wv(w) is a weighting
dependent on frequency. It ensures that only inportant

Figo 6phoestise fréfjudndg-depasisne @mblifREtieHRCHr the apssis@Bord ftasured and of
sinmulated in the nodel. An optimsation algorithm can

theddestifi ed Inyod@l r &ﬁ;ﬁdm@@a agwunbpl amplituge oftmettnaoafewrmlctuon or of the
m ni mum or

B (PSR of TG Ty AE e A it BL OB SRS RIATom axis 1 and

waleetkesmhemeceeﬁémm1 Dieeasion:el AN =VAMINYIN = 0.0981 m/s*2/N ~ 1
thnms, for exanple the nethod of fastest
¢ /esggf sion seeks the greatest gradients with the help

of the partial derivations and rapidly finds |oca
ot hers

I i byt t.hat ose c ass over C )
FBpt 1 s Hisfofde S0l HmEiaton of b Seuaides ibedns ixiabgn fs caried
ofiti By dssetergiepemhion BNy na30whiZ€ﬁQ§tp’#&§uc%Hel§\( Pheans of a random

scientific i |Bvest at i

9$1LARE MErEIR S, ARtRfitu i "?% %a@q'&gg bef xeﬂ'a 53&6@( g¥afppie o 300 N,

amntetespectnan i Widelytdme Unﬁenﬁlyﬁls&mauréwel- IGa, 1 1 neans
anount or anplitude of the transfer function or of the

frequency response of force to acceleration with the
Thoaltde] @it ehe iduntifiet paafeters Jormsathé bakis fa)rtth@ dbéiFHtof an optimum

regOBGE 107 AQE Mpration ChD gy [HEaslBier Sigiura and resistphaarameters are
dépandentsorgihel chiagdctetisaéd ot uherpam‘ tol B reeilatat, O mlsléaseT&ethe lift cage.
ried out . a so-terned,random bi

ry
T8y 2?55 ot %%tlﬁr%wuemﬁfwy bRDAVIGUE MWHITT isn dgsenibed in the model.
fn@]ﬁmehﬁb@famétérg@é Nmiabsesagid hia%@'fmé?f ia Wﬂﬁné‘ltﬂ 0n¢éiﬂe$§uch as, for

fixedl I to 300 N, 10 and spectrum
e’falé;‘%( d{ﬂajﬁéhd"' 550‘? 'gﬂghutfgtﬂf PiBRreler: SPring fﬁ’i%é]" amping,galues.

thedﬁﬁmétb%dcmgénmbﬁftr%tfrﬁé ¥ueRGe BRfeShdHAviduh 8f ﬁﬁ%ﬂiﬂ%g@fand thus
active vibration danpin

egul at or for
oA SBERS of 18 ot & Biar Glaienn dhe Gae of a classic PID
regulator (Proportional, Integral and Differential regulator) three amplifications have to be
set, which can be readily managed manually. The regulator for the present case has far
above a hundred parameters, whereby a manual setting in practice is no longer possible.
The parameters accordingly have to be automatically ascertained. This is possible only

with the help of a model which describes the essential characteristics of the lift cage.

The regulation shown in Fig. 6 is divided into two regulators connected in parallel;

A position regulator 15 and an acceleration regulator 16. Other structures of the regulation
are also possible, particularly a cascade connection of position regulator and acceleration
regulator as shown in Fig. 7. The regulators are linear, time-invariant, time-discrete and
they regulate several axes simultaneously, hence the designation MIMO for Multi-Input,
Multi-Output. n is the continuing index of the time step in a time-discrete or 'digital’
regulator.

The updated states x(n+1) fr the next time step are calculated so that they are available
there.
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dependent on the characteristics of the path to be
regulated, in this case on the lift cage. 15 The |ift
cage has a static and dynam c behavi our which is
described in the nodel. |Inportant paraneters are:
masses and mass inertia nonentg, geonetries such as,
for exanple, height(s), wdth(s), depth(s), track
size, etc., spring rates and danpi ng values. If the

. th t hat i nfl
AEF T 8} 50 B b 0o 8t P copeant.
lindag re@datbaisdimd-mwvanarl matenche Gystpmrrgatnbes AhB, Caad Dfdoanot change,

c_P L€ tor ro ortlon
RERERE et P aleF e dpLa S e indreEtidlo. 1 means they
meke thenhpuath, caculdtions ead ioLiputspatdigedlintanalgin yme. The
regul ator for the present case has far above a hundred
par aneters, whereby a nanual setting in practice is no
The 8E2$meAS 5l DnBthod T8 BsdfoR R RGEIaRF PREBhNHiY. s me%nal flow
automatical Iy ascertained. ThisS is posSible only wt
chareohibkepHof desigromethodhwitthcldes faghrsing ope SHgN Friad advantage of the
characteristics of the lift cage. 25 The regul ati on
5 fripnignimethpg s thal iscati be detamatedo o that caspithathy standard of the system
connected in parallel: A position regulator 15 and an
to s eqoblaigd @H“H"E@‘E?Ch?bﬁ'o%d requiading daap. cThe 5. affa matsix A with mx n
elofdH Sq% PR’gn pd € al so possible, particularly a cascade
connectron of position regulator and accel eration
regul ator as shown in Fig. 7. The regulators are
l'inear, time-invariant, ,tinme-discrete and 30 they
regul ate sever dl4| axg8as AMRBERUN ' t he
desi gnation M |‘T or INLEF?‘-{nput u?\ﬁ/u'fn???%ﬁnt)put nis
t he conti nui ng index of the tine step in a

time-discrete or 'digital' regulator. The updated
Tid stsmtd Ba Fagdisted "Lﬂh@%ntﬁ"é&rﬁioﬁéﬁﬁ tﬁé Rt ﬁ H"vﬁ‘ﬁﬁﬁe %@s nation P
that they are available 35 there. amc sy n?

fo §'am ﬁ% Showmin G Burldk desesd Bg'&a\ﬂl%@f Hzﬁ eeuledar wetrré!nm reference
nlﬁﬁé\‘at antis phodubbd Sath th@giéipﬁbpaddlﬁ)ﬁa'l % rg @ bitbnda€ the input and

stemmatrices A B, rf1an
°'-F§%‘§}mﬂf§?eoﬁy§t%al i sed on a d| gi taI conputer ar e aI way's
al so tine-discrete. This neans they 5 make the inputs,
cal cul ations and outputs at fixed intervals in tine.
- The Wompdeladhe interfergncas in the frggeencysangenat the inpukofdhe system

- desighs afnthil BnsApVEaltidre signal flow chart of the H.
desi gn rret hod with cl osed regulating | oop. The main

- advat g@l the regidator output

- wy has the value one

Fig. 8 is a diagram for the design of the regulator by the H_ method. w is the vector
signal at the input and is composed of v and r. z is the vector signal at the output,
wherein z = T*w. T is composed of regulator, regulating path and weighting functions. P6
or a6 forms the feedback in the closed regulating loop, in the case of separate design of
position regulator or of acceleration regulator. F6 is the output or the setting signal of the
regulator. The H_ standard is minimised by 1z||., / ]|w||~ = ||T||l.. For that purpose there

is again necessary an optimisation algorithm which changes the parameters of the
regulator until a minimum has been found.
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H,,, design nethod is that it can be automated. In that

case the H standard of the system 10 to be regul ated

is mnimsed by closed regulating |loop. The H,, of a

matrix Awith mx n elements is given by: IlAl L = max

ja; | (maximum'lines sum) J3]1 15 The systemto be
regulated is the identified nodel of the lift cage 1

Fig ©hsholve tnlesogsaturme $ingdiar vadiesndf Aposifineguiatdrii@y direction. This
h rgeSL ﬂ ﬂﬂﬁ q f the regulator Kwth the

PePEFRMIENTY, gidyegra PPYluced with the help of

addi tional weighting functlons at the input and output

of .the system 20 - W' nodels the interferences

B ahaBaly Mo Aot Sl Bhat sseiaonieaater m y direction
Thistlab adbanepass chasddteristit. | i mts the regul ator output w'

has the value one 25 Fig. 8 is a diagram for the design
of the regulator by the H nethod. wis the vector

S?iﬁllaabal?és afeca mﬁsuire%‘rdhe Sv@r@m‘ﬂ@l@ﬁﬁbaﬂén Bf @ﬁ'ﬁ‘atrix AZn A ﬁ n matnx has
e vector signa tfe ,ou ein.z =
bt @Zﬁﬂsﬁ’t"o Nifggit Bifives 53 0eba 0@ g1 Mioms2).

functi ons. or a6 forms the feedback in the closed
regul ati ng Ioop, in the case of separate design of
position regulator or of acceleration regulator. F6 is
the output or the setting signal of the 3o regul ator.
The H standard is mninmsed by jizll,, / IIwl., =

[1 TIITWFor that purpose there s again necessary an
optim sation al gorithm which changes the paraneters of
the regulator until a mninmm has been found. 12 Fig.
9 shows the course of the singular values of a position
regulator in vy direction. This has predom nantly an

I ntegrating behaviour. Fig. 10 shows the course of the
si ngul ar val ues of an acceleration regulator iny
direction. 5 This has a bandpass characteristic.

Si ngul ar values are a neasure for the overal
anplification of a matrix. An n x n matrix has n
singul ar values. Dinension: 1 Nng =1 Nmlli-g =

N (0.0981 nis"2) - 1 N(cms"2).
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10 13 Patent Clains: 1. Method for the design of a
regul ator for vibration danping at a lift cage (1),
wherein 5 the regulator design is based on a nodel of
the lift cage, characterised in that an overall node
of the Iift cage (1) is used wth nodel paraneters
which are known to greater or |esser extent or
esti mated, wherein the paraneters for the Iift cage
n?E used are identified by conparison of the
rans er Sfunctions or the frequency responses of the
nodel wth the neasured transfer functions or the

13‘2?2"”3?’3 b lon T 3 YRATERL 7 Vel B PltRing fe i caged, wherein
theo@gulratoe dneelgnes pasml:bﬂna modlelh of te Itnfhwgieuh rc?ﬁ'atbreaqete incthat an overall
e et her w
rfo§BPETRE D SRELGLR b B PlodeDBtaMBlersiich a8 oy foggreater or
Iesseraeuterptt mmelsnnnaég:ulwhen‘emf he ;zaramuteml fd:rtaénmnmd pWhith.is used are
t rised in
PR P B o B bt el b8 Haflir st onies of the moce
withthe hidsured transfef fupctmrlsdwdw&amem&ewfreqlgerﬂ:glﬂe@mlés &%d the model
ol L35 B bR S SRR g ence i e
messured drieq aenayaechmséf, Whengin the@odel IQpAReravitty the l'ﬂb?ﬁﬂécﬁﬁarameters
| ensor
B0 e8h 352 508) oAy G i
1 or 2, characterised in that t he nodel pa{ ﬁrret e[s arﬁ
t t a m.un
20t Wefhod 2GR E SR,y G of chracifed 4 15 he AcktRe vibraton damping
systern Lof by Ilftesagmma)SlsOiisetf][‘ﬁoWﬁddﬂasf mesasdring mﬂcglﬁtdfor the transfer
onses is fou c

frequen re .. Met hod . in ,
e g b RaBp B dacha Meenise. e Bounadf Gage (1) € excied by
mieahsvet ractuators f (¢ aed dite rresnitirrsaeSialr@fr1_1éahs<iélreﬂi’p@gI ma&ik bh@cceleration

su freguenc re onses are wei ght ed
sc?rfsgaéﬁgv ST AN tp% ﬁée(ﬁ(oé%;ﬁi)'n t he cal cuI atl on of
the sum(e). 5. Method accordi ng to one of the

s Prec

o cqufE R eHRLcRAGE o2, Stafes isaddh faline fRpol parameters are

crraa’ghcri])dby rﬁearmbm?i oanmtsamrnglgbmhﬁi 8htinthe nﬁihlﬁ’(mfoﬂhesﬁﬂn (e) of all
1 t .t t or I ses 0SI

odtng o e, 880G feshiifses: 8 The, Mol frdih oihe 1DPapyred frequency

redpmnstesus“lfoda@endence on the

4. Method according to claim 3, characterised in that the deviations between the
frequency responses of the model and the measured frequency responses are weighted
by a frequency dependent value w(o) in the calculation of the sum (e).

5. Method according to one of the preceding claims, characterised in that the

regulator (17) is designed with the help of the H_method.

6. Method according to claim 5, characterised in that the regulator (17) comprises a
position regulator (15) which controls the actuators (11) in drive in dependence on the
position of the lift cage (1), wherein the guide elements (7) adopt a predetermined position,
and that the regulator (17) comprises an acceleration regulator (16), which controls the
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position of the |lift cage (1), wherein the guide

el ements (7) adopt a predeterm ned position, 35 and
that the regulator (17) conprises an accel eration

regul ator (16), which controls the 14 actuators (11) in
drive in dependence on the acggleration of the lift
cage (1), whereby vibrations occurring at the |ift

actagord 191)an Q:Irﬁéﬁﬁro%‘bﬁﬁcﬂbncz orViHehateftfaindbinghet It 6&% 1), whereby
C aracterlseﬁgllg the posi ti on regul at or

@Fﬁiw"%%%ﬂ%&efé @@?ﬁ‘ﬁ’cp&?SSF‘iﬁ) are connect ed in
parallel, wherein the setting signals of the position
reguva or é and the accel eration requlator (16) are

7adde i"ﬂﬂ’ i‘ﬁln%ga ¢lgim Rechafa¢temses,ia thatithie posifjon regulator (15) and
ttﬁlﬁmtetﬂmn&eglﬁlaﬂor (15) aMeESHIECRRGR hEiNS, Meﬁa'uﬁth@ s%thng s OIgnals of the

haracterised in that the position regul ator
P&%"% @QH%&‘E | dphand, the: agrglesation fes'd?toar(‘gﬁ)cafﬁ r?é’é'?'é @nfi r$upplled to the

abt0atons(11Y8ea8UMNMdBnSRinkI.Ng si gnal of the position
regul ator (15) is fed to the acceleration regul ator
(16) as an input signal. 9. Method according to one of

gcl ai Mettodt ébc&rdlﬁgbﬂf AShE6] SRFadtEriddaah tﬁit%@%bﬁnbﬁ)?egulator (15) and
t he accel eration regul ator

re n
thet 5’0@8?‘%@}@%@3@@%{1% 3¢ GoRnefted & esries, I@eﬁfeﬂlﬁe ing Signal of the
positgeRguidids (\lidRA 18 atacteReation rég\Ratef (16 8s BhGGRAs Hal

claims, characterised in that the nulti- body syst
( MBS) m)del for an elastic |ift cage conprises at Ieast

gt wo Méﬂ'lo‘asa@kﬁf'&hg an&e bhRIAAIS RO B/ &%}ac?é'as\éﬁl ih hat A€ position

arigidlift cae(l) onpri ses

e franpe
reGuier (35) Botyihe Brcalntion geoHatatE6) e et SEEaiely in diferent
fréqbncy ranges.

10.  Method according to one of the preceding claims, characterised in that the multi-
body system (MBS} model for an elastic lift cage comprises at least two bodies describing
the cage body (2} as well as the cage frame (3) or for a rigid lift cage (1) comprises cage
body (2) and cage frame (3) overall as one body.




