;e3e_\ 4<6BT@#423 DEC 2002 Description Method of Force Limtation for

Aut onatic El evator Doors 5 The invention relates to a nmethod of force
limtation for automatic el evator doors,w th a door drive conpr?ﬁiﬂf@ H0?
“control, notor, and drive mechanismfor inparting notion to a car door and
a hoi stway door according to a pattern of speed and pattern of force
corresponding to the position of 10 the door from an open posi Mmlﬁmlmﬂﬂmﬁw“ﬂ“
cl osed posigdduyit Mdice versa, the pattern of force itself bei

to door paraneters which change with the passage of tine, and the rgowgdors
bei ng stoppabl e and/ or reversible due to a disruptive force being caused by

an obstructy rg J1g My i i 0

speci fi cat iMoeﬁﬁﬁgg%g 2#1 158 alrrg'etz/%%?e&%gfq%égg%engﬁhgmﬁlfeg&?gﬁﬁo%{}%i ng a

hi nged door driven by a direct current notor. The drive torque is

proportional to the 20 current in the armature of the _notor. A nmenory

devi ce 3t orlé tiT g rofatafe trttomathacet ifprcel ddmdfatdomhéoangl e of

openi ng of Afenaorc asi dva iy eoid Rah 'a R Wetiven Rigristihgt Re maxi num

perm ssi bl e torque. These val ues ,of current, ca% be ,obt ai ned by cal cul ati on

or 25 expedIEHCL TIXKe AN FHVE MeGEEEd sfuéd Wo PGS RE &7 t he

door, the reeferentowant § doildtevagr RRidy aceibrddmly it® faopemdely addi ng to

t he val ue th uy rent nt | d _above a noving average val ue.which is

dorived 1 oRITS SH FHV GO O FE SRR 36 kRt ©

obstr ut®i ortHa swpeian em .opFrepesis g riosiso e licse dc glosditdbn @t ivé.ce

reference \alug Al £AGRUNORSEICCd RATH BE33d J60RRRE Ofcof BBG0OT. I
uct ed, he a

t he door becones obst _ the actual value o mat ure current

i ner eases AAGHWPSTES OB whangies widthudihey Ragesos &fmbdred 3Hdtt§ t he
reference \®die ive il APglllderiaRr evdigianleu@uevaloua b saiupatige t han
the perm ssfi bl e reference r2%)2' 3% EIC Q02 val ue, .the %r.rIat Lséile current
i s reduced THHE AR IR HRUSRSE (e 3 iIAPE TEHGIET0 R EHE A0S YRALG £88Yant age
of thelknowredevi eg@tiort.he | abori ous and 5 vol um nous storage of the

posi ti on-dependent current curves required for the average value for the
entire range of novenent of the door. It is in this respect that the

i nvention &uen ke fEdy ke IiTatdmdPE Bife 28bj186t iav ey cehdaisnbesorén as
char act ef i 3@y £aidBrk 13 1A AW rigadt dcvadvantagesyoh theeddrown devi ce
and to define a nmethod for_limting the driving force which has an
opti mi zed CATEVetREET  HESdFivisy HOHRE d1Fd PERE O e PPd<t t&’eltzlét abl e

di srup26 ve carresmtanich algr eatmait degiofe the alotsaf.ely metmoryseesiak t he

el evat or. vant a resul td fr he_inventi.on_rel_at inly to the
fact that i-%l%rrrge%e?he[ %gagcstsel%& éjft %91 eéng)ﬁqtﬁfe cfﬁfgeglr?oﬁs rrﬁgtagé%ﬁlgt%toertﬁeof
driving foreglien of cmerday fodr he2@iop sisedgbeyesn wabherditi c, opti nal
setting of Jedidevidiy ¥ G tH FHeehaba e dehhesedbiand crb@eef Mklke
required for conm s |on|negjto be reduced. A furthirﬁdvanta e is that a
limting valAd&es GlorUFReditar@n &5 OAFGETEN PYr G IEUdFEd PR O ef erence
speed Isncleixperdfmdte deorakRutaceadunt! 2F 12skesganer abedrfiet ipat t erns which
depart frorg tthi s, for_.ex lLe for reg%ced speg@ ar fi ner. ased a%cel eration,
without fi P§tEids r%ﬂ ﬁ-‘d‘eo % 'néew & rrieﬁlé:et Mavéf tor the armature

current is formed by adding to the value of the current

mentioned above a moving average value which is derived
from the actual value of the armature current during

30 obstruction-free operation. There is provision for
calculating the reference value after each unobstructed
opening and closing of the door. If the door becomes
obstructed, the actual value of the armature current
increases disproportionately. This actual value is compared

35 with the reference value in the control device. If the

actual value is greater than the permissible reference
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VWhile the door is closing there is a danger of obstructions 30 such as, for
exanpl e, persons or objects being preseny in the steadily di m nishi gsg gﬁ
gap and beconm ng trapped there. Wiile the door is opening there is2 g g@l
of, for exanple, children's hands or flat objects being inserted between

t he door panels as they nove relative to each 35 other, or between the door
panel s and the door frane. 32 3 DE C 2002 The nethod according to the

i nvention redAles {e LAengio0te CLOSLAG: PLOCAIN GRS WRl1eRp {dnidmdioor
openi ng procedure, Force limtation neans [imtation of the closing force
while the do#® §%1¢¢ osPHELe ol Fi®i 42®Ton of the opening 5 force while the
door is opening. The pattern of force refers to the way in which the force
changes while_the_door is c%osm or openin e detai] ed descgription
of the i nvehtFHIAFERPOIEE bRY oWa 0Ky R ¢ %Y’egﬁelﬁot 4F AT ating an
enmbodi ment . vdhem i eué NgiSo B8HGEV. o i tthe bd’s:ﬁtﬁi@ﬂ&lé@mﬁl{tﬁmmm@mﬁvé@e

met hod accaoyrdin e ventlo 5 2 St t.IStIC8.| functions for
anal yzi ng t%eengf %r%rﬁrce et%\%er f e?le&n%e&\)/lgl%%es ean?lt ActU rfgva?%es of

cl osing formeveniFigt ghehdeera system for operating an automatic el evator
door consisting of a reference value generator 1 for the speed, an actual
val ue sensor 2 for the door speed/position, a novenent controller_3, a
speed generd ofS 4R nthke FRFRFGT ‘éh%ltbo‘?h%ir%r\’/‘éer&:tb%’%‘? QiR R BRI A, a 25
mot or, 13nd ﬁexﬁ’édyﬁ m@mémlw%ﬂmmtmew@im SEnsrfctori ide iilii vi ng
force gener froduced %h%\ % notor fo Ct?}b skdefl ned as th
force gener %Jomb{/ C ot b7t Jn%‘? Y3RPIS t or T e ?\éﬁ?‘lg |nto
account t heandrptendef ode geane tigod afCDDSllrﬂ_i’HEldej oshengiAf 1or ey of o0 Nk 130

force i theaforeeodigh. s ARPLO ot 9oa0 Obs'del sy 10e. doptg edge or door

while the or o rovin
dri vi ng for@éal:hqi%‘éll@%‘é@c*éﬂblﬁedb‘aEthbYeafW%eﬁfmlazﬂrW degirede

cal cul aked gpos, P RMBLLI $sdPE G i vhddeTOFLEoMhi ch is needed during 35
unobstructed operation. Using the value given by the driving force nodel

and a perm ssible disruptive force, a limting value generator 7 calcul ates
a limting D uedfamtagds t hesthbt eg whrah tlse cmpat teibbyretesins mdimdly

comparator § WA Lhe. aotyal s ¥ahuee 0L Nl M1 00, QfE8Orpd MR dr 1 Vi ng

force gener a?e orce i s excee door is
st opped andﬁmbatr@?@@apabtem r@f:tdlonVJfIsgShmmme@I cafiipact heowind of a

mat hemgyi Cafy, {10 e?ﬂieéh&'é‘ﬁ(ﬁéry@@léo@ﬁﬁﬁﬁ‘éf @étéﬂf?gd@f)rt@@ddld{w@g the

driving force no ives t driving force to be applied. By_reference
to 10 equatf%?%eo*l%*ﬁﬂ’ént‘én’ﬂet%‘éh%i%w padBfet e ek el ¥ed of¥hand,

thi s mat hengémfd s 1OflEhg Cob Chié at €utde. dAlﬂmf\@xé@ra:@varw@@l B thspesi fied
accel erati and. a SPEF ifi efl 1gaéad imder n&nobi& (l;tct ed_conditions.
The limti ﬁgl%trh%gf ‘tl%e §sttaT e %Jra‘—i‘%aefromcfrh ?Jfllalllg force 15
needed and siecihbke nn@f@:eem@saamwdommwmmv@fftdneaedomr vibit ecameai®@r i s
TOVi NGk S04 | feise Al OBSEOE! Sar LOPHs I [niOE 4pse: |40 ingiyalne;is exceeded

by the driving force being generated, stopping and/or reversal of the
el evator doFATRLE nfeF a¥@AUERd cFRERR PhelBeFeasedraqerl STy

without first carrying out a new measuring travel.

While the door is closing there is a danger of obstructions
30 such as, for example, persons or objects being present in
the steadily diminishing door gap and becoming trapped
there. While the door is opening there is a danger of, for
example, children's hands or flat objects being inserted
between the door panels as they move relative to each

35 other, or between the door panels and the door frame.



20 users. The mat hematical nodel can be set in a fixed manner or, in a
further embodiment, it can be adaptivel y3 constructed, adaptation takihg§EC 2002
pl ace to the changes in paranmeters 25 occurring during operation. The nodel
“can be inplenmented (explicitly) on the basis of differential equations. The
explicit mathematical nodel is based on the Newtonian equations of notion
for the door 30 mechanism They are given here for a sinplified nodel of

the door meghanisthod Ucddita iy RASahOfidhgiiold QWing Ui Y sHOBRLL forces
and speeds in the directjon of the closing door_ are defined as 35 positive.

If the mectRSHRY PTRRIEE &8 &'%hhde-thddes paadmareri nch@uaseduxdoor
malss .tranﬁfre:w@eg Iﬂniﬁtﬁcﬂﬂorm@i%dlbi?iir‘tga%tdﬁ % Hee H1ldsS rgn ffdl;tef ol I owi ng
rel ati onship . et ween speed and force wt oni.an e i on_of .notion,
Ssun ng. i TERS i s 5 T e T g Ao Fike (Ot CHEE ‘dbor edge)
5 FMI -5FRE{Stc@ WM tHe door TlaGdpehing. The pattern of force mGT
where 10 v' T] iQn, wlt e t EMLL i ving
force gener et hyrd sy Snddmt o aorne sierBl e Bl oY

i nt 015consiiderateHHT M teRAIBHISSI on and transformationof the force by the
mechani sm FRt he sumof all the sliding and rolling frictionforces of the
door nechanismtransferred to thedoor edge, assuned to be _constant, 20

si gn(VT) t heé® I fRfAT AT T ThiRGEIR Ocﬁ thee Wpyead 1P Fodtoyso beid% he

val ue 18 f oy wefeikgideachelwiraid arl Jdis: tad igicadnt erfodQ mhod gheant he
mass of the counterwg&g?;, andm~Tt he sum of the nmasses of all noving parts
(door25pam§%aW%ﬂ3%rs, ‘oot hed belt, belt pulley, steelropes,

counterwei ght, rotor of the notor, etc.)taking into consideration the
transm ssi gn andgr i Ae by ft (B :
Rearrangi ng 1 o o e e ARG qion ! B RS Bogiatng |

FR~Si gn(VT) ~+ g~nGovthe invigption, zmd, T ~ TZ3DEC
2002 Thss is a nmechanical door nodel in explicit form in which the

hysi cal [ rs.ar illor i zabl h. :
physica pa}:‘iagrr.Etze SSta}ateisst:tlcal f%%oc%r:]Lon%b feorasansaﬁl.%/zing ?:he difference

between reference values and actual values of

closing force.

20 Fig. 1 shows a system for operating an automatic elevator
door consisting of a reference value generator 1 for the
speed, an actual value sensor 2 for the door
speed/posgition, a movement controller 3, a speed generator
4 in the form of a door drive consisting of a control, a

25 motor, and a drive mechanism, and an actual value sensor 5
for the driving force generated or produced. The drive or
motor force is defined as the force generated by the motor
and transferred to the door after taking into account the
implemented gearing ratios. The closing force or opening

30 force is the force which is applied to an obstacle by the
door edge or door while the door is closing or opening. A
driving force model 6 for the driving force calculates on
the basis of a mathematical model and the calculated door
parameters the driving force which is needed during

35 unobstructed operation. Using the value given by the
driving force model and a permissible disruptive force, a
limiting value generator 7 calculates a limiting value for



By neans of the above equation the driving force needed at any tinme can be
cal cul at ed dependi ng on the paraneters and the acceleration vT. As shown in
equation [3], the 5 acceleration is calculated as an approxi nation fromthe
"speed values, T being a suitably selected sanpling time. Equations [2], [3]
can easily be programmed and give the driving force nodel value for
nmonitoring the force. If the 10 parameters FR nG and nGT are given a fixed
val ue once el oy &f&%ﬁrplle e e & ‘fne'aﬁs”@@u%a%%\'hbﬁgagﬁ c@myi; ¢ oned,
t he nodel is describhed as bei ng pernmane the paraneters of the
nodel are éﬁﬁoﬁﬁﬁﬁéélW@laGaﬁﬁegh@odFﬁeléétéarcﬁapanﬁbér§réN1PBef@6§ﬁ

nechani sm Fenehidted.ha rdedle i1Smik ieRERATLGNoft HBrBedel kexcdesew hed as
bei ng adapt. ve. 2002 The referen epxghggﬁggnerator 1 generates a
t

ref erence 9&P&él€oﬁt§§§€§ F0 Oy Re YR LS £°hé Sdi st ance 20
travel egl byntihedadesr., or of its position. The novenent controller 3 can be,
for exanple, a speed/position controller which uses information concerning
measur ed speed/position to generate a prescribed speed val ue. 25 The

mat hemat i c#itioddle végh oducesathengsieadenogdedf ofhsher ivived viedr ce gener at ed

on the accebgiRhiedts b&etm@eaeeeb%%dseee@e aEHetﬁﬁlﬁgﬁﬁtEQQchmbB%ld%Or
The nmat henmati Cal nodel calculates the notor force enerates the

speci fi ed Sp¥ES &by Erivinge fagsente be arrdpstachy. r?ﬁ?§eﬁﬁﬁnﬁp 30 pattern
dﬁpendﬁo df @Qu&&d@?ﬂseofoﬁloﬁ:]tiQmS pea fihed d@@ﬁebaﬁ:ﬁfnbﬁérst detekaiaederistics of
t he spee era e friction rces, .the.m V|n parts,
and on thegﬁ ﬁ@ﬁ@gs % 1£h &3 %@@Wﬁ ﬁ§ﬁ|aW8%F%ec?} FSﬁ§IEESng? in the
nechanlsn1f@&c@umaa@eﬁhetceuB@ecoﬁleﬁeaatednret1bheaddoa sphelﬁnedlng force
needi ”9 t 0508 APRIHARY: n%%aﬁe” %%%%QI%¥:ttelaecggli\i'tggns ?rh% ﬁ 1fiE49Q02 force
nodel 6, is SUb]ECt t o changés ar an i's reason the
driving foveédugpder Gh@arfogéecéﬁspla{l@Péétﬁﬁ §E@ﬁ ahﬁaﬁlﬁéwlnﬁatfoacel ow

adapt atd onpbakes Rhacenel mhhemdkd Yerthikenegnesdipactavhe rappki.edsto the 5
pattern Mhlﬁh i s subject to changes. The actual va ue o&ﬁthe drivying force,

or the dri Yt 6fe dgekerst BV n live SEFARGSeaM R 55ﬁF et CBR™WEEN t he

ref erence/ atleudlorspeadntic idet @alure ithexaetdatl bpvihe d&a&eag EbeceI03|ng
wei ght of e & he fr c i c n

contlnuous})Q E% %%hegbgratlo%oéﬁabﬁggédg%& %e@ %Egﬁngghghgn no%ﬁtﬁﬁy5|cal
par anmet er sd@fort He emprtulelttednﬁ@elensme@t thei pefary o&r thededevatmrwhi ch the
measurggl vg geg.for the notor force transferred to the door 15 edge/ door
and the speed of the door edge/door are periodically recorded and stored.
According to equation [1] the acceleration is dependent on the notor force.
The right - raed meittemat iche egdalli ean b eent ahna #igedpaaant rWehGh ins

linearly rel ate to th force an a_co sta npanen FR sign
(VT) + gm- V% er em% can e a glve cons‘i:rugteé.,lvn. + Db [4

] 25 nGT meflaptation ta taklng place to the changes in parameters

25 occurring during operation.

The model can be implemented (explicitly) on the basis of
differential equations. The explicit mathematical model is
based on the Newtonian equations of motion for the door

30 mechanism. They are given here for a simplified model of

the door mechanism.

For the purposes of the following discussion all forces and

speeds in the direction of the closing door are defined as
35 pogitive. If the mechanism is modeled as a single-mass

system with the total door mass transferred to the door

edge being m;, , this results in the following relationship



| f the values VT and FMI are recorded over a period of time for an opening
or- closing operation, the coefficients a@ and b of the |inear equa“‘”k?%hfﬂl%l
can be easily determ ned, for exanple by |linear regression. Let as an
"~ be the values 30 calculated for a closing operation, and ao and bo those
for an opening operation. Then 1 as = ao = [5] 35 nGT 11 nGT =

[g] as ao 40 82~3DEC2002 - FR si gn( vT) +g nme - FR
1+g nefp - ; 5 qtT neT -
Froi gn(v) 3 R SRRCE T g opg et onian equation of n3tTolllT

assuming fgrett fFnFoFssiopboi+ipsrenbFtween counterweight 2g

(bo - bs) pRE EBor edge) [10] 2 20 As a result, all the paraneters
of interest in the explicit nodel are known. (The accel eration due to
gravity g is assuned to be known). If identification of the paraneters as
descri lfed above Fsr carfixi-edgodvrbntegond y, the resulting nodel is
per manent | y'set . -The-reastured-vatves-€an; however, 25 also be recofded and
processed during operatiomg The up-todate paraneters obtained in this way
can be used to update the nodel paraneters and to adapt to sl ow changes in
t he door ?glsn1due for exanple, to wear and dirt. In this case the
nodel is adaptrve. 30 The mat hematical nodel can al so be inplenented as an
i mpli &% nDdeI An inplicit mathematical nodel also creates for a given
accel eratign pattefn gheefergnegavabyge for notor force, but without having
to make use of the 35 identifiable physic paraneters. An inplicit
mat hemat i c&t nDdeItE%nSB@egeBﬁeEEﬁtgaoﬁy ggﬁeural network. An inplicit

model is prrpar ed byenBanging Botkcai gengrabasebiyntbi gbtbheahehavi or of the

model s defined bg alkgéggo the door edge/door taking into

15 consideration the transmission and transformation
of the force by the mechanism,

Fy the sum of all the sliding and rolling friction
forces of the door mechanism transferred to the
door edge, assumed to be constant,

20 sign(V,) the sign function, which takes on the value 1 for

vy > 0 and the value -1 for v, < O,

g the acceleration due to gravity of 9.81 m/s?,

mg the mass of the counterweight, and

Mgrp the sum of the masses of all moving parts (door
25 panel, rollers, toothed belt, belt pulley, steel

ropes, counterweight, rotor of the motor, etc.)
taking into consideration the transmission and

transformation of the force by the mechanism.

30 Rearranging with reference to the force F,, we obtain

Fur = v'pemgr + Fresign(vey) -+ grmg (2]
ve(t) - vo(t-T)
35 V'ip 8 ——=——m——— [3]
T

This is a mechanical door model in explicit form, in which

the physical parameters are still recognizable as such.



40 nunber of exanpl es of input/output behavior. These data exanples ?E EC 2007
created by stinulating a real system whqse behavior is to be imtate ﬁ

the nodel with various input 9 data, and at the sanme tinme the input

signal and the output signal which indicate the reaction of the systemare
recorded. In the present case, this would nean carrying out a nunber of
openi ng and cl osi ng novenents of the door and 5 recording the pattern of
measurenents that occurs. The internal paraneters of the inplicit nodel are
optim zed until for all input data the nodel produces output data simlar
to the realBy infearsysiferhhearabavee qmudlicnd hee diMitwi ngoficasiso me eatdel it el y .
10 The speed, 9&N&IAt QI 4 alh 1AKE e dY ARy (BT t8%AMRBNeRR @5 WHAIT ONous
notor in conjunction wth a frequency converter wth a rotor flux type of
current reddiSatd e IR oV I'ai- dA8pEBAVBOAEr BRVAEREcl? t entRPRomponent i sq
whi CE is lidzfél,lr&glaﬁain tércs tdrsngprIa:cﬂeJhlag AN ppreatiet ke tf&foquecriaﬁi ng used
as the internal, value. tion of t rque.in.a yotating asynchronous
mot or  r equitREE R R i cTef NCiRe %isc%etlﬂtt)qciéi é:’selfrc&&ﬁ% sﬁmé)lﬁg‘[gor 5 axis. An
especially sinple description of the relationship between notor current,
magnetic fl r toyq | {i i (I a
transformati ﬁ%%%c%g[i%i ’na@slﬁ&?aﬁlggl%up%%g%%ﬁgg 8}ugr r%girﬁ S

measur ed i mxihe nchrimy ghavedeofvalye dnomagiemias ¢heofierger-edifl tém

curreni gvVedManst WMWOSE MENI Lude manda 8805 evaheade{ k8gdvinusebation to the
first motor winding axi's. .Ihe transformation of coordi nates consists of

taki ng as ¥ etedQF SR ot i1 I REUERETTSS A nding axis but
t he nonent aigmmiBgiedied f libe inbddie rotdscafiddte amdetaime; pHieaciamtdnt in the
stator is cant e resol ved jnt conponent__i_s rall. t.Q, t he rotor
flux and asceorkn’pcr:lﬁrgntt els%a.raar?e reirgﬁ'ntoofa%g s Cidc%e'l'l taﬁller%éﬁ?r)am%r%l?@ e&of the rotor
flux can bedwgteddrsttdm dntude Brandtieats wicdhe sldesd maghegnitsttonponent

| sd. Tbgremﬁl@ea}b@&mp%'m%pé @EldPNShid dRRiean i@EARdd et or
torque 2 3 DEC 2002 to generated so that 1sq is a nmeasure of the driving
force acti Reigw afaRiodre edge/ door. The speed generator 4 can al so take the
formof, for 5 exanple, an asynchronous notor in conjunction with a U f
control, t nmeasured slip serving as a asure of the driving farce

gener at ed. hf%?e HIT LS ‘gaelflf%e‘ﬂargei/ratstt?er ;ﬁlqe&/ﬁﬁ‘?&e@qﬁaﬁeﬁrﬁre{%%\'{l ns _

n for speed as a fumctioon of time, or of the distance

20 traveled by the door, or of its position. The movement
controller 3 can be, for example, a speed/position
controller which uses information concerning measured

speed/position to generate a prescribed speed value.

25 The mathematical model reproduces the dependency of the
driving force generated on the acceleration, the prescribed
speed, and the position of the door. The mathematical model
calculates the motor force which generates the specified
speed curve in the absence of an obstacle. This normal

30 pattern depends, for example, on the specified
acceleration, the characteristics of the speed generation,
the frictional forces, the mass of the moving parts, and on
the parameters of the mechanism and the frictional
conditions in the mechanism.

35
During the course of operation of the door, the driving
force needing to be applied, and generated by the driving



2 30 EC2002 [11] 15 ns = fs/zp where 20 25 30 35 40 s is the slip, ns
the synchronous rotational speed of the rotating magnetic field, n 2BDEC 2002
mechani cal rotational speed of the notor shaft, ws the synchronous angul ar
vel,ocity of the magnetic f field, w the nmechanical angular velocity, fs the
nonentary synchronous, or output, frequency of the frequency converter, and
zp the nunber of poles of the notor being used. According to the known

Kl ossi an ngnuIa ZN% EN% smMM= X . , s/ sx,+ sxls s2/sx
+- sx wher e RKEF sTPABT pbit | 1BUFP AT GEet CaRFRRET T puT P - Bt ST, 2BHES -

val ues renafeor cohssantaton ahgi dehvimyofornd wbdetharashevesti c control .
[12J 11 %cogsg}g%%ggogn such a manner that a slow adaptation takes

place of the driving force needing to be applied to the

5 pattern which is subject to changes. The actual value of
the driving force, or the driving force generated, can be
analyzed in conjunction with the reference/actual speed to
determine the actual moving masses, the closing weight of
the door, and the frictional force either once only or

10 continuously during operation of the door.

To obtain the unknown physical parameters of the explicit
model, test trips are carried out in which the measured
values for the motor force transferred to the door

15 edge/door and the speed of the door edge/door are
periodically recorded and stored. According to equation [1]
the acceleration is dependent on the motor force. The
right-hand side of the equation [1] contains a component
which is linearly related to the force, and a constant

20 component.

1 - Fresign(ve) + gemg
V'T = o Fyrp + - ——m———=—————— = = a-FMT + b [4]

Mer Mgr
25
If the values V, and F,, are recorded over a period of time

for an opening or closing operation, the coefficients a and
b of the linear equation [4] can be easily determined, for
example by linear regression. Let a, and b, be the values

30 calculated for a closing operation, and a, and b, those for

an opening operation. Then

as = ap = ——m- [5]
35 Mer

40



For small anounts of slip (s < sK) the approximation 2MK s 2MK 5 nM =

- . ~ .S [13] S 2 /SK-fg SK SK applies, so that f‘#ﬂlgb%oz
nmeasur ed nechani cal rotational speed n and the known frequency of

“out put voltage fs of 10 a frequency converter, the slip, and fromthis in
turn the notor torque, can be cal cul ated according to the fornula 2MK fs/zp
- nnM= . 15 sKfs/zp I Is | - ~( I~xz ~" Ira2 ) The
speed generator can take the formof, for exanple, a voltage and frequency
control |l ed asynchronous notor, the neasured value of the stator current
serving as a neasure_20,0of the driving force. Wth Uf control, the nmean
val ue over time of t¥reSteR{8nt % 1'dsgh the St &rol Widdieg of the

asynchr onod®d machie “depends ~on—rhe-gensr t ed-moror-torgoe mv accofding to
the 25 Pornulae mM = -KMara 30 35 [14] [15] [16] Wdere Ir is the nean val ue
over time of the conponent of current proportional to torque, Kis a

const ant depending on the notor data, and |I~, is the constant value of the
magneti zati on currerfy- sthe (va) ue @®fmd he tor quayF ésbbtng-hgom the nmeasured
val ue of cuwyrent-i-s-ther-gi-venr-by-AM-=-~K= Lra-LaM--=-1LK =(LSZ [ 15[ 17]

40 120 Mgr Mgy
(bs + bo) "mer
Mg = —=————————————— [9]
29
15
(bg = bs) *mgr
FR e [10]
2

20 As a result, all the parameters of interest in the explicit
model are known. (The acceleration due to gravity g is
assumed to be known). If identification of the parameters
as described above is carried out once only, the resulting
model is permanently set. The measured values can, however,

25 also be recorded and processed during operation. The up-to-
date parameters obtained in this way can be used to update
the model parameters and to adapt to slow changes in the
door mechanism due, for example, to wear and dirt. In this
case the model is adaptive.

30
The mathematical model can also be implemented as an
implicit model. An implicit mathematical model also creates
for a given acceleration pattern a reference value for
motor force, but without having to make use of the

35 identifiable physical parameters. An implicit mathematical

model can be represented'by a neural network.

An implicit model is prepared by means of a training phase
in which the behavior of the model is defined by a large
40 number of examples of input/output behavior. These data
examples are created by stimulating a real system whose
behavior is to be imitated by the model with various input
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|~ - [19] 27C fnom Lmwhere 10 zp is the nunber of p°|GZSUECZMZ
pairs, IS the value of the stator current, Lmthe main self-inductance of
"the notor, LS the stator self-inductance of the notor, Unomthe rated
vol tage of the notor, and 15 f"omthe rated frequency of the notor. This

makes it possible to calculate the value of the drive torque fromthe
measur od valyg obnguLkent, QUAS ArLARgeTROLS and el hads ehocantral as.

or exanpl e 0 s nchronous drves Wit arefen of e roto
d|splacenea@gangl@hochohnﬁh@avalm@eoﬁeanelgnapértbarseatemoardlrect current
drives wthopeaguemant gk Ea%s%‘h%t %ras%u”t‘ﬁ'its w%h@@ m@@hcgagﬂl‘iﬁ{e gue, . g

concl usi ons to be drawn abo force act ual ener at ed

agent, are@25VUEbREr OfoSPERILNGt PES L3PSERE @68@8‘3@%%9& she ‘P‘Hé’rsﬁé?éd

gener ator %e@@&dahgoth@kgattm@rhowf\ meeash%m@hﬁgpltﬁataoéhﬁﬁﬁbr omees nmotor. 30

The limting, valu nera ul ate e nodel lLue far driving

force der| J0GSRP i PRESHBE AP S oot LCkRamaoRd: AF EsPHECTGBEEr uct | ve

force, a |unttiilndorakldd dhpherdetal nhehecgiedpbestiucaseputpus datdone by
addi tion of. [ per.nis | e uc e r ciil y
regulat|ons opﬁ gg%cgggﬁp egﬁliég &%%%bé égﬁsFEgvggggﬁ %ggn% a§Qt9

det er m ni ngothre spiomidt iedgaualted yof force can be obtai ned by using a
statistd cal nethod of analysis based on, for exanple, a Gaussian nornal

2~ 3 DEC 2002 13 distribution. The Gaussian normal distribution_is only one
of many poSSFbFReECs BEPBERLeR fufeéli sAke EXFoheAti af, PerparpmPae, an

Sqw part:c t beRnehsbhichdt m@g&xcaﬁb@lo&guln?tus‘»@dmﬁhlaOEr_ta&aéﬁcf{ungltl onsf have a
ensity function _a stributi.on functi in ssi.bl e

course, fof® PH&IESFb&ﬁ£3e8 AOREF EAM AP RES %otHFFFQE.r%?ﬁ???ﬁ?@aﬁnﬁnalysis
of the difberededdbepredn conéradt udheyahueeot cbmpdnbntngajgﬁd@had¢ t he

val ue r g.fo0 er, h c e es it
possi 1% ¢ SegBrgPhl] chOthE, Heke i told 6B Bl bk SR e TS
novenent céﬁﬁésﬁ@n&hﬁlﬂﬁtﬁﬁ@aﬂhEGﬂéﬁlcaI values. As shown in Fig. 2, if a
Gaussi an normal distribution of the difference values is assuned, the

cal cul at ed standard ev ation can be used tq deternlge what %ercentage of
all dlffergﬁgé vSPuE e torque in a rotating asynchronous

requires a magnetic field which rotates around the motor

20 axis. An especially simple description of the relationship
between motor current, magnetic flux, and motor torque
using equations becomes possible if a transformation of

coordinates is carried out.

25 The stator currents measured in the three phases of the
motor combine to form a resultant current vector i, whose
magnitude and angle are defined in relation to the first
motor winding axis. The transformation of coordinates
consists of taking as reference point not the position of

30 the first winding axis but the momentary magnetic £lux in
the rotor of the machine. The current in the stator i, can
then be resolved into a component i, parallel to the rotor
flux and a component i,,. at right angles to it. The
magnitude of the rotor flux can be held constant by the

35 suitably controlled current component i,,. There is then a

proportional relationship between i, and the motor torque



15 exceed a specified limting value due entirely to randominfl uences,

W t hout an obstruction having in fact oggurred during cl osing. Conv?gqﬁl[;yl,gm
the mninumlimting value can be given and used for which the probability
of an erroneously initiated reversal is acceptably small. 20 Let it be
assuned that for a | arge nunber of neasurenents the difference values are
di stributed about the nean value 0 of the density function phi(z) (curve 9)
of the nor igtrd hut i wist h . apdarddew ati.0 ; . this 25
case, accogglhr?glat%tgdt % 5?15%ttr ilbbtlfso%functu%oen%\ghi%?jze) ﬁfg&rl\}/% ?&xj%f t he
normal di sBEtBHG on theyrelrarfadi/fdoerence val ues are | ess than 0. 84% of
all limting values are smaller than ON, 97. 7% are snmaller than 20N, and
99.6% are smaller than 30N. If the limting value is set 30 _N higher 30
than the r&hsr SRS YeBETREPL He @80 18C0sPKE £BRcECBF0BEicedOBy t he

mat hemed i calkamdel,, a@nlagybckd¥nefusakbrrrasur ednyahuesonw Whitcbxeeedft he
limting value as a result of randaminterference. This nmakes it possible
to | mpl emeAP S Cavier onERSLTSH (s F5Td *dSPeauBE PRES PEkEBF 1 njury 35
wi t hout | mpaiiviimg rfelricabigeineyrat@d.t he basi s of continuous statistica

anal ysis of the difference val ues adaptation can take place during
operation. 14 Patent Clains 2 3 DE C 2002 1. Method of force l[imtation
for aut onaffhe éldPatsoriss dgddnednibnh thedded LeWwing eanpEionng a control ,
mot or ,; @nd drive mechanismfor inparting notion to a car door and a
hoi st way door according to a pa%te[q)of speed and pattern of force
correspondiing to tHe position of°the door from an open position tg 3,10

cl osed position or vice versa, the pattern of force itself being &aﬁtable
t o ‘door paraneters “#hi ch change\ﬁ%rlthe passage of time, and the doors
bei ng stoppabl e and/ or reversible due to a disruptive force being caused by
an obst? uct ofi Seéiﬁring while they 15 are in notion, characterized in that
the pattern of driving force needed during unobstructed operation is

det er m nedwhyereeans of a mat hematical nodel for the door drive and conpared
20 with th% patternsoghgrg&L g force generated by the door drive, and in
that differences of "a speC|ﬁ'éd anount between the necessary pattern of
force and nhe genetdeedypahreonoussrotatdrvelcaneed pb§ the udptatpnove force
stop agyl/ or reversg e deor3e14., Method according to Caiml,
characterized in that 30 the mathemati cal podel i.s based on Newt oni an
equations 8f notiofPPoFeFRENd6s: FOLREAPERM. SPeret REdtERCBPEPRgSEBLEY ai m 2,
characterizgd in thae 39ntheomdllsesmigutalr elletity ap aHaphhygetidel in

whi ch t he paraneter.s ?Ee automatically adjusted to the actual paraneters of

the door mechani smiwfitfe the
W the mechanical angular velocity,
25 fg the momentary synchronous, or output, frequency of

the frequency converter, and

zZp the number of poles of the motor being used.

According to the known Klossian formula

30
ZMK ZMK S
My = ————=—-~—==== = —————————— [12]
s/sx + sk/s s2/sg + Sk
35 where
My is the pull-out torque, and
Sk the pull-out slip.

Both values remain constant for a given motor and U/E

40 characteristic control.



15 door is in operation. 2 3 OEC 2002 4. Method according to Claim1,
characterized in that 5 the mathematical,;nodel can be represented by 3aptC 2001
artificial neural network, the nodel being prepared by nmeans of a training
phase during which the nodel imtates a real system 10 5. Method according
to Caim1l, characterized in that an asynchronous notor wth voltage and
frequency control is provided to generate the pattern of force, the
measured notor slip serving as a neasure of the 15 driving force. 6. Method
according to Claiml, characterized in that an_asynchronous notor with

vol tage andF?¥ etfirhty2DeuRbnt 2Bl S15P pfdvE ded thegepprardmelfdopattern of
force, the neasured value of the stator current serving as a neasure of the
driving force. 7. l\/ﬁ&h%d accor di to Cdaiml, 25 characterized in that an
asynchr gnous not or su’bp ied by a frequency converter is provided to

generat @ t Hi¢ p=att2ern of Tor &,~theé conponent of current iBq orthod&ﬁdl to
the rotor flux sef{$ngd & a meaSure of the driving force. 30 8. Method
according to Caim1l, characterized in that a synchronous notor is provided

to gener at eaphei @af t &b ntigdt f PFreR. a Ihe Hsuddd sk IBOCOELN ot 0 Ldgd I 1,
characteri zsedeig théatt 16 2 limipti n‘% val ue of force is det]x[erm' ned fromthe
nodel val ueqor" t'he la‘?i‘%/lil%g Foree  opfarhed ¢ otrﬁ‘et K Rt et 2%t &él and
a pernit8si B ef kguemty veorfivecesrt hehelosl §p stappi figpandioy Ireviewsi nghevhen

e 5 St sl omiseRit: &g 20 MY

according t aim9; characterized in t orce is

determ ned by neans of 10 a nethod of statistical analysis by reference to

a density func

: My = —=——=—= * ———=—————=- [14]
15 Sk fs/2zp

The speed generator can take the form of, for example, a
voltage and frequency controlled asynchronous motor, the
measured value of the stator current serving as a measure

20 of the driving force.

With U/f control, the mean value over time of the current
through the stator winding of the asynchronous machine
depends on the generated motor torque m, according to the

25 formulae

i My = _K'Irq [15]

| Is] = -\/(qu + Ira?) [16]
30
where I, 1is the mean value over time of the component of

current proportional to torque, K is a constant depending
on the motor data, and I, is the constant value of the
magnetization current. The value of the torque resulting

35 from the measured value of current is then given by

my = -K*Izq [15]

Imy| = 1/K-V(Is2 - I,%) [17]
40
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the rated voltage of the motor, and

15 f the rated frequency of the motor.

nom
This makes it possible to calculate the value of the drive
torque from the measured value of current. Other
arrangements and methods of control as, for example,

20 synchronous drives with measurement of the rotor
displacement angle or of the value of the stator current,
or direct current drives with measurement of the stator
current, etc., which allow conclusions to be drawn about
the force actually generated by the driving agent, are

25 other possibilities for the speed generator.

The speed generator 4 can also take the form of, for

example, a synchronous motor.

30 The limiting value generator 7 calculates from the model
value for driving force derived from the mathematical
model, and a permissible obstructive force, a limiting
value of force. In the simplest case, this is done by
addition of the maximum permissible obstructive force

35 sgpecified by regulations of, for example, 120 N.

A more gensitive solution for determining the limiting
value of force can be obtained by using a statistical

method of analysis based on, for example, a Gaussian normal
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| 9, Y4.004°7) Skl a\§%ég%T¥d@'liﬂiting value due entirely to random

influences, without an obstruction having in fact occurred

during closing. Conversely, the minimum limiting value can

be given and used for which the probability of an

erroneously initiated reversal is acceptably small.

Let it be assumed that for a large number of measurements

the difference values are distributed about the mean wvalue

0 of the density function phi(z) (curve 9) of the normal

distribution with a standard deviation of 10 N. In this

case, according to the distribution function phi(z) (curve

10) of the normal distribution, 50% of all difference

values are less than 0. 84% of all limiting values are

smaller than 10N, 97.7% are smaller than 20N, and 99.6% are

smaller than 30N. If the limiting value is set 30 N higher

than the reference value for the door closing force

produced by the mathematical model, only 0.14% of all

measured values will exceed the limiting value as a result

of random interference. This makes it possible to implement

a lower initiation threshold and reduce the risk of injury

without impairing reliability. On the basis of continuous
statistical analysis of the difference values adaptation

can take place during operation.
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10% (& () - position of the door from an open position to a
10 closed position or vice versa, the pattern of force
itself being adaptable to door parameters which

| change with the passage of time, and the doors being

stoppable and/or reversible due to a disruptive force

being caused by an obstruction occurring while they
15 are in motion,

characterized in that

the pattern of driving force needed during

unobstructed operation is determined by means of a

mathematical model for the door drive and compared
20 with the pattern of driving force generated by the

door drive,

and in that

differences of a specified amount between the

necessary pattern of force and the generated pattern
25 of force caused by the disruptive force stop and/or

reverse the doors.

2. Method according to Claim 1,
characterized in that
30 the mathematical model is based on Newtonian
equations of motion for the door mechanism.

3. Method according to Claim 2,
characterized in that
35 the mathematical model is an adaptive model in which
the parameters are automatically adjusted to the
actual parameters of the door mechanism while the
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the measured motor slip serving as a measure of the
15 driving force.

6. Method according to Claim 1,
characterized in that
an asynchronous motor with voltage and frequency
20 control is provided to generate the pattern of force,
the measured value of the stator current serxrving as a

measure of the driving force.

7. Method according to Claim 1,
w 25 characterized in that
an asynchronous motor supplied by a frequency
converter is provided to generate the pattern of
force, the component of current isq orthogonal to the

rotor flux serving as a measure of the driving force.

30
8. Method according to Claim 1,
characterized in that
a synchronous motor is provided to generate the
pattern of force.
35

9. Method according to Claim 1,

characterized in that
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10. Method according to Claim 9,
characterized in that
the limiting value of force is determined by means of
10 a method of statistical analysis by reference to a

density function and a distribution function.



