;z{e3e|"6TOT# 1 6 jan 2004 APPARATUS AND " METHOD OF CONTROLLI NG A. LI NEAR
MOTOR DOOR. O. ~. T he present invention relates to a control systemfor a0k
fovi ng iﬂmwm \&Dre particularly relates to a control system fof éﬁ\!‘l 2
| i'near ' or door operator. BACKGROUND OF THE | NVENTI ON Previ ous
el evat or doorsswgrst ens enpl oyi ng singl e-sqded |inear induction notors
typically generate large attractive forces bet-,wed the notor primry and
secondar=yThe large attractive ,force nmakes it difficult to maintain a
desirably small (i.eAYMRATHID AQD METEOD ORQONTRO lamt;secondary. -
Further, the high attracthvenfpige E95E8HR | goeeptable vibration
| evel s. Such control systens also ' ¢ ition encoder for
controlling the position of the novable el evator door as a function of tine
in a door close or Therprep&itainkeRAtioA AlA¥Nack %’%‘Jr{tfbld t&erﬁofg%(rjg{)gs sgems

o

whi ch use iition_encoder alone is that such encoders't
expensi ved(g?fg%?léiqllll}:%rr% Hﬁrdﬁulraé@oﬁeﬁt%ﬁo arfPréed syistarados eghiestrimated si gnal

processi rjevatoridoarhepefatoe an obj ect of the present invention to provide a
control systemfor a |inear notor elevator door operator which avoids the
drawbacks and di sadvantages of such prior control systems. SUMVARY OF THE

| N\VENTI ON I n one aspect QEAMB@SNE C(mVel DeVENMTTONt rol system for a
door operator for npydngud 8% position means t. .coupled to
the door for sensi n? the po iti%ﬂnag{jygﬁéegigoér)‘BL%VIGQH%PﬁltSEFﬂgeg%HﬁFti on |
signal . ARCECEERETRIPSN YRR genarateplargoapradtivteoidrhes denvedivthesenrsbng t he
accel er atpomary driesetooidaand THRNAFAL hfeh &R : Lopagdanal . An. .

i nt egratié)aegrﬁefm@ Jrﬁ!ﬁlﬁ?fé‘t s the actcel erat iea‘f%?% g{naa “tgdgégrgiéﬁatpemﬁlqtﬁlrpst |
velocity signal. /A diTfere FY3h &F SR 4 fVEERfBR ainare sndisecpuganyi on si gnal
to gener dfwthesaheritghalthrictiye ébgnahay&eﬁmﬂttiﬁrumaﬁta@@@%afﬁ]%ﬁ feivg&t and
second ved@ai tyniSboHA: : a filtered velocity signal, and-a
control neans c%r}hggﬁsé?ﬁgal%gl cl?%@?’ SFRIRY 3BGSLtOR sncodskdar contrplingthea i on
and vel odPYYHBR YiHEedBEV2blerelavatoe ciodr aspefitnatfort b tiptekentdddivasid gp, a
control sysdreopéfitioh. dAOHrAPeL At f ' 0Qr in.cbudes a position
controll ec{ncg \?ano an, i &f)agt aﬁd aﬁqt(l)lu(?cé)out. A/&P@'l r%ss?exgﬁr%uﬁ TS TRPPLUPAS a
posi tive THpUL, ‘& Hefatldy §UFRsacoders tend tg/ie exqpnsivanddarqaitefugh The

posi ti ve teapluticnf ahdestdcistedssuphisteratéd Sidral istof&sidLCei ving a position

dictation signal; t Lve input i or recelVvi ~a position feedback
signal, and the out%ﬁts Qggla#?u’ée 5 Pgiec’sGirﬁ]i‘%@r%ﬁetf@dm’eﬂﬁoﬂdgmr@dide)at he i nput

of the pdONTYreyssamiorackinest metaceleyawerddor bpsrabes wHaeh appis pand -an

out put t AdraOFBRERs GRdEdWhED d or. A second sunmng circuit has a
positive input, a negafi veaﬁtﬁﬁg€hg%§%§%l ﬁtCBH‘F.O?‘?H%teB&i tive input of the

second summng circuit is coupled to the output of the position controller;
the negative input is for WMK signal, and the
out put of the secon]cgi,t sunmm ng cireulrt 1S couple i nput of the velocit -
y controller. EnnAprO g}fgﬁsg S 8 Ryesantdayendens @ santroh systeem €dr alopran
i nput and®Rgaa tmo¥ing & njpot infludagh pdsitid® hOid § {
accel er atfppReS§R %ei(ﬁostiﬁo}?%f%?@ ed t Iﬂ‘{srl]e dqor rmtvdglg? gsgéﬂn{%ygbeoagor
oper at or. A%Out gut the position: $8fsBeratipg fPesitios sigaahedat i ve i nput
of the fidESCIAHPRHIRRANS isd0ibe daupled aoshe dobrgot b@nsaﬁgithletaréc&%ﬁ‘adchﬂ%fSi gnal
t her et 0. tAs dadrefidiip@heftdmn i tput. . The i nput of the
i nt egr at (H:xei a2 Clouill tegg 1? 0 eQ%l?!ta gél}%rag%bq‘t ﬂgnggcg‘l%wfgwl%‘gw Iptegrates
differ entéii ?é SFEREIOM, SigT o SRBRe kAt afinstivelotity sigpat. of differediiffrmBaRAL OF
is coupl vendimtes tiel positicrhd gRAISId Fébrg ' fijter.has first
and secoqﬁeg&oyfe%dgr}?le%}sfﬁégutg. T eg[i rrst@n?géﬁrﬁgpbﬁ%?ygﬁgﬂai n§ #‘F'F’i er is
coupl ed to the output o . sleﬁ?’é%tyﬁ o5ty sigralsdesrnaratsua filkered welamityt o
the out p§t8RAl end airenoknteaas @ontratydticheelotitPWf t6@arddd H%E) KEL 96 thy

S g

f eedback posaieh ahs ¢AHR t.Q.t negative input of the seco unmmn
circuit. ijn athird aspléggjfotget%(;%r'present i nvention, a nethod of

control | idng a door preagand B¥RACt v Vias paestooiny exctiowes cOREBE b dtant 5t a
accel er atdoor aferatdrofcrbheviiann & 9 t4 Qfﬁna | er,at i on: si gnal

t her ef ro%dﬁmtlior st ﬁel ogi %ymgsjl nal | snﬁ{ee%edr gtgg _ .rgﬁﬁvﬂge’é &ing gf‘i‘BRUt

si gnal . e positry o IS B FiBE irgusrhassa Postiethpug aanggivd dipuwi gnal
is gendrated therefrom A second velocity signal is generated fromthe
position signal, and the first velocity signal and the second velocity

signal are blend te a filtered velocity signal for controlling
t he door m)vemenm m "”m @mmage of the present invention is that the
control systemo , closed-l1oop regulation of door velocity to .

ers goo
ensure a wel | darrpedc??&)"control | ed operation. A second advantage is that
the control system defines door notion using sinple position vs. tine




6 J AN 2004 3 A third advantage is that the control systemobtains a

hi gh-qual ity vel ocity feedback signal by enpl oyi ng an i nexpensive line rM 2004
-encoder and accel erometer. A fourth advantage is the use of variablé .

current or voltage notor excitation at a constant frequency to si rrpllfy
control and m nim ze undesirable normal .forces and vibrations in the door
dynam cs. Ot her objects and advant ages df the present invention will becone
apparent in view of the follow ng detailed descrl ption and accorrpanyl ng

draw ngs an@@ﬁ%umﬁg }tg:e -'H_ﬁl

il lustrates, an el®evator At ol sy St s e lyﬂ‘é'né“fw ?)f%rs’éfrﬁewmg a
i nvent i ofOSitiqn} @ictatipg Sbgft?ér ?tﬁe@@asaﬁévevlqutolﬁ far dwuvmga pbﬂltloenﬁazladbanlg t he

a t Vi ew
of 1 hé"StSf)grﬁaég%‘f%?‘S? T o e Ay ing el oo AR ot o

the el ev& SHYHSPREBHEr of* ¥9’§Fé% Sntrglisr has 1 @pwt, aadaan @péplaft toonal bl ock

L ed in
di agr am abntrhendane makh lal dede Opedaidr. elheyaidd SOARIA e&%%%é gt%br% %?%ck of

1S o b6 hisBeraralignsl Rlock damam.of (N, & Vel oror Block of

el evat or SHEORIRE Girichi lsldouspﬂecbttm rtge donpuposithé posamracdibsildiorhofnekhiPe
input is for receiving a velocity feedback signal, and the output of the second
summing circuit is coupled to the input of the velocity controller. A position
sensor and an acceleration sensor each have an input and an output. The input
of each of the position sensor and the acceleration sensor is to be coupled to the
door movable by the door operator. An output of the position sensor is coupled
to the negative input of the first summing circuit for transmitting the position
feedback signal thereto. An integrator has an input and an output. The input of
the integrator is coupled to the output of the acceleration sensor. A
differentiator has an input and an output. The input of the differentiator is
coupled to an output of the position sensor. A blending filter has first and
second inputs and an output. The first input of the blending filter is coupled to
the ourput of the integrator; the second input is coupled to the output of the
differentiator, and the output carrying the velocity feedback signal is coupled to
the negative input of the second summing circuit.

In a third aspect of the present invention, a method of controlling a
door operator that moves a door includes detecting the acceleration of a
movable door and generating an acceleration signal therefrom. A first velocity
signal is generated from the acceleration signal. The position of the movable
door is detected and a position signal is generated therefrom. A second velocity
signal is generated from the position signal, and the first velocity signal and the
second velocity signal are blended to generate a filtered velocity signal for
controlling the door movement.
An advantage of the present invention is that the control system

offers good, closed-loop regulation of door velocity to ensure a well damped or
controlled operation.

A second advantage is that the control system defines door motion
using simple position vs. time profiles.



[ [ [ [ ition as a
FIG 7B is an open elevator door profile illustrating door posi :
function of ti rrFe) FIG 8 is an operational block diagram of the bl difmgm%

fi of the elevator door control systemil f'_ustrat ed in FIG 4
]I;Illet esr)Ab! gcg graph illustrating door position dictation and door position
vs. tine for a door open operation. FIG 9B is a graph illustrating door
position error vs. time for a door operBoperation. FIG 9Cis a graph 004
illustrating door velocity vs. tine for a door open operation. 6 JAN 2
4 FIG 9Dis a graph illustrating notor force vs. time for a door openoI
operation. FIG 10%‘ phirdy agvaptage isubet e aentdelosystersi elitaimsda bigitiqaalian

e : , . Bis a graph
door pos¥eloaity\feedbadkesifanl By denploieNEhadhePEMd BReaf bR oddB s @ ¢

[ FI usltorag(i:&g 1‘191‘?«5 0Si tigon e?rorpvsﬁ ime for a door reversal operation. I
FIG 10CTS & gratﬁﬁ' illustrating door velocity vs. tinme for a door reversa

operation. Fi G 108 feuh gcapintigd issthealdenef vmiiale@ireamivse voldEe RSoa door
reversal e@Reft¥dd 9 a constant frequency to simplify control and minimize

normal forces and vibrations in the door dynamics.

undesirable

Other objects and advantages of the present invention will become

apparent in view of the following detailed description and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an elevator door control system
embodying the present invention.

FIG. 2 is a perspective view of a door operator employing the door
control system of FIG. 1. '

FIG. 3 is a schematic side elevational view of the door operator of
FIG. 2.

| ~ FIG. 4 is an operational block diagram of the elevator door control
system of FIG. 1. '

FIG. 5 is an operational block diagram of the control block of the
elevator control system illustrated in FIG. 4.

FIG. 6 is an operational block diagram of the drive/motor block of
the elevator door control system illustrated in FIG. 4.

\ FIG. 7A is a close elevator door profile illustrating door position as
a function of time.

FIG. 7B is an open elevator door profile illustrating door position
as a function of time. .

FIG. 8 is an operational block diagram of the blending filter block of
the elevator door control system illustrated in FIG. 4.

FIG. 9A is a graph illustrating door position dictation and door
position vs. time for a door open operation.

FIG. 9B is a graph illustrating door position error vs. time for a
door open operation.

FIG. 9C is a graph illustrating door velocity vs. time for a door open
Operation.



FIG 11 is an operational block diagramof an initialization procedure of

" the éelevator door control systemof FIG 1. DETAI LED DESCRI PTION CF ' T' HE
PREFERRED EMBODI MENT Wth reference to FIGS. 1-3, an el evator doorgconkrgi
system (control system enbodying the present invention is generally
designated by the reference nunber 10. An exanple of a door operator

enpl oying the control system 10 is genel‘lal |y designated as 12 (see FIGS. 2
and 3); however, other door operators nay al so be enployed with the control

system The contr ol 3 o escribed offers good, closed-I|oop
regul ation of door I\:/lg%{?c[ﬁgy}%éggﬁéﬁ?%r%lnﬁ}\%lmoﬁérfﬁ'écﬁ B HRe{ehe dapr open

oper at i orPPE&ESRd, the control system 10 defines door notion using sinple

position vs. tine prefiloes; i : tains . a.high-quality
vel ocity feedback sji\?gn?l b)i/S %%%f%)}iﬂt}l%&léﬁﬁ%g@r&%ﬁgbbo& Hécﬁglh%%%@geﬁ?%?ﬁet er.
Fourth,  tHRFIGER 'Gr tR¢ febp sloguriesprsabopenttieme notor excitation at a
constant frequency BIGloH ises 1 R A Niag N L r.abl.e nor nal
forces angd yi F{ atigns in t he %gﬁjrﬂ g@rfé%?%ﬁ %lferbéglglro %o%gég'& g‘ran, o3

pref er abl VW& fTéat MOTBHORLIM door operator, includes a header 14, a
header / t r ack asseanI;G.JlﬁDC’s'uspepgfatpmﬂl@tiétﬂﬁa&oapbé’lroch?"xjsngin‘?‘e'FE’LI rthoB'ii mary

c a

18 and a RLPLa] y 20. A bearing sysq[em22fa litates re rve
novenent betmaez(ft&%}ﬁgghbtor primary 18 and the notor secondary 20. A door

hangar 24 is coupl eBG-ol0thés angraph sibauratangy nR}itof GorcaDXCHERS foM 4 hidohe not or
secondar yreskeedxd d;ﬁ&ah@ﬂgth of the header/ track assenbly 16. An encoder 26,
such as a linear or ne encoder, senses the position of an associated
el evator door 28 (sE&>HdS ¥) ORPHHPrEhdlodngdidgram ohen inBialiaNti?@04 5
header/ t rmmicedasenbliye dlevamit davreddedl 39:hRWIME; ihe el evator door 28 and
associ at ed hoi stway door (not shown) to“one another in order to nove them
in unison. Wth reference to FIG 1, the control system 10 includes a
position contro AR LY O & N CIHTEHH PREFERRETD EMBODBRPRE t1 0N
dictation signal 34 It dback signal 36 via a T1TST summ ng
bl ock 38., An i nput %\?nggfgpéggetﬂf/ﬁ@céﬁeﬁo?q@ eiel tPhdePy Sentol SysEM vi a a
second sUSRNHFG! BY#er)-ambegyistg the present irfvengioneis ganseslly desigotatad bysiHanal
of the pawférenne eRiib&! 1@ A3 el pioOX dUY: Q £ b§b| endi ng
filter 42, %r}ﬁ pULpose aﬁy g/ni_?:h S e?<§ al necﬁ{% 8%.%?&9&53 copfol
posi ti on BSMtFoN Br8easraty designatedasi 13/ (se8 UGS R ands?); Roweveopatiier dioak
contr ol | e9peratordanay dsraipe emplegéd avitid dhe WhhEBI Egﬁ&ﬂﬁes a motor control ler,
t he door drive and 0or te recejves a velocity . control
si gnal generat ed. b@%ﬁé“%@f ﬁ(é??‘ @%%%E]F%?&lﬁﬁi? erppgRod Idossdelantpor  door
28 at t heregriation péideer velamityatd emsitreanwel]l dampedsdd Eomtroled 3eeh86AL | on
sensor orSexeed, ehe eBLEL] 46t I i i he..el evator dopr 28 within
t he door d%gan%a%ﬁ. secti.0 2{2{3 Easkgggéfl}t%ﬁml.ggup‘llséﬂgts e BAsthon¥San
i nt egr at dFPSPRRNES, _ﬁﬁvdb § syntemeHl ebtains aihighrquadity welexity feedbagir e t o _
gener at e sighal sy exeplogirigya Sir@aslentdddP 4de e - ), qut put  of
A e e ek P oL e 5o

the inte i s.coupl.ed to a first |npu | ter 42.
A positi g‘{lﬁ?eiﬁgo%?“g%tc%r%ﬂ} L LOnLXGtatQn at a\eenstard doequsnayi simplifiess door

dynani cs ea¢roloand aintinézesosndesiratienmomal 4ok ceshired SiBIRAA i fgAkggRCoder,
such as hdixfensi ve and conventional encoder including a punc ed et al
strip which enploys optical detection. An output of the position sensor 54
is coupled to a di fTee decr aperatss 12oprpferably a linseanotb V@I dyosi gnal from
the posi topEtatiNEludés H j [ Lrst _sunm ng.circuit
o o R REGb LNk Sy 8 B e
di f ferent ator- S61BL MASApPEIaTY 1 3rd gnanotemsrcondary@0b| Aribaning ystem 42.
An out put22sfagilitates rdlfgvd neneiment béfeiedihe H{dﬁ)f‘?rﬁnx 981dny higeeha F
si gnal '%eéHﬁaéﬁﬁﬁﬁd&c%&g? é§e°O%Ut Si g%?&fl fromthe position contfrolTer 32
at the second sdnm ng 9P TR AFT 4hig PURES RbbMAer seeonslasydOnfiort of FI G
(1SL|sMa ch‘E&ﬁme@!t w/léhttgaenomwefphdairyshhmgﬂgetm liﬁigtth id(g&ﬁé Hé%@té‘fﬂr%g not or
ergg@m@@yq. e @05 I oQr system e
enpl oyment _ of. a&?LI KJ/IMF]S ,g%t ract’is\kfgﬁebéécagﬁéée)groép/%wl\%{}g‘?.erTﬁ n$fRs {en el ement
or ot or RELRAYA: prossspriataeskelovatar daar 2heeatRIE. 33 apore ei@bingth GHttheng
copper sheet joined to an iron structure that provides both a flux return
path and rigidity. It has been diiscovered that y 6 JAN 2004 6 preci se, |
rapi d and robust force control is achieved in a SLI M door drive by
mtigating the potentially large attractive force between the notor primary
18 and the notor secondary 20.This is acconplished by a SLIM and use of a
vari able current or voltage excitation of the linear notor at a generally
constant frequency in the range of about 15 Hz to about 30 Hz to m nim ze
attractive force, and nore preferably at a generally constant frequency of

I T A r 138 a1 o o I " o o o o, Y -




6 JAN 2004 resolution is. not high. FIG 4 illustrates an operational bl ock
di agram describing the el evator door control system.10 in greater deﬁ ajbl\N ')Y\(\lt
‘The operational block diagram nodels one of several possible

i npl enent ati ons of the door control system 10. The block 60 is the notor
control |l er whose operation is nore fu||§ shown in FIG 5. Wth respect to
notor current, the notor controller 60 as nodel ed takes the square root of
t he absol ute value of the input received fromthe veI ocity controller 40

and t hen k&s&ileg}’ﬁad‘&@ss%hﬂﬂvqlé thg 1h‘€b%5lght§o L& né}g‘L' @%Sﬁor&oersﬂs_ A _scal ©

factor |ss|nC(:1I%gg Ewtheoeratlon

dependi n§ Rt ?lé Bf 9°°¢ (3pgshemn) ttpr@a/am@télemm lorgento mo'd@ftlhmdi,n by
way of exmmpbe, to be 200 /7.~"2 so that a notor current t of 7.5 anps
results in a desir 0 r Iledtothe el evator door. .. Wth
reference to FIG %’t%pfere ﬁgPﬁEgllo@Re 68n3P! Bystemal hinbrdes hepamition as a
20 s | agonial earol-vt}@rmemwrtg dekdH6erbred bem@@d@lgfmstt{lﬁm a?&aﬁsh nal 3

char act er4 t agement for s@condary
The out pur e BoshRIRLbac, SR8 FRYSURIRRS Shsk B Rpdnosacie rho
el evat or V(fé%‘? ty aRnirpilenstt sredvemaai gméms)assteennm:umkmﬁ&o olodd G hichhs
d tthi be | th

rive nothe diffesdacebapnebrnabloy H?LHQ-%? o?_'tﬁgtfyr%(s) Irblrlr%rdg e g%' mary

transl ati de_and
excited Of(m? Heg]?faocroé"é( g ﬁB tst nSffﬂﬁeﬁe{"feltbe'@tL@PO@R)Or whichos ecxplamedent
with the beberverPrefergblvithy pofheorp@@mﬁ;bn@r of ahH%@'x}%‘k’@éW cé’@%u@%’ BRMLES 1S

quanti ze e nt f or exanp an i nexpensi ve
| i near egjﬂo O?f?&c Cd @%Ifeg% i ngloécvzf‘aﬁ’}méﬁé ﬁ‘e‘?‘ “L‘éi dé‘kd‘?@ic naepat potonf t he

encoder tﬂoééll@ PF’(L)r ‘il'@ @@%ﬁ @yveragw metter,sand doot ki itart, ebseived A% Aoseal e bl ock
72. The s_@@lueg sgrgﬂ ¥ n feedback ignal that is fed
to the fi ! D %Ed%ﬂﬁzeﬁggzt%%éélge &y Hpspogﬁn%erﬁge'b?@é &Y s

t he di ct tigl @H& L Vﬁ QSty asthifyngtiomar lisspashtern.néch bycel ejagioni ighsat ol ock
74 a pi ecaemel:eeemefeeam @6 frirAirhi i ff ﬁlﬁ?tkpé)élekf%%} JGor EE? 'Wlt% ef%?f or door

filtered usin second BTto

operatio n

oBt ai nI 3:1 Y%E%ﬁﬁ“ﬁé&f%b%ﬁﬁ et P8R 1D 6‘?‘?@@%@@1’5 moutefran tntagmt'br Gds in the

p: Iecevvl sé/VNCheIalathﬁsmmpbm@tEﬂéi)n eithex }wr@iwarEHE%of lf%x%rl‘é) %c%\é’i'ﬁ?e £1AAp! es

I ustr at L JIAVAH tinme r0| es 0ose and open

oper at i or:}gp&lgeighgpfgﬁq th‘%\?ééél °f‘e?1€65 o AE"I‘ BUtEY 0‘; é’%ﬁ%ﬁf@r SQHE

el evat or C&b‘&le Iﬂf‘fﬁ’élﬂ%\ﬁaﬁl @f d’%‘ﬂemiufg filtet 3. @ppositionoseilses®d positions

is at an copeneti@ted & i,nitialization of a

door clo ey r. tl%ng‘gltEhr %Sle%??ﬁn&é(?@ géé V‘Q])tmy e ‘E‘gsiié’f‘ﬁﬁ‘ﬁ?s%@%{i 426 JAN

2004 s nm gﬁ’? Eﬂf?e %‘r?‘i‘ l‘r‘gpb"cfﬁ%ki ¥re Hpeay QnmebeL@fGassenondxpemoe ahd

door cl ogenvenfienal émmdeatinalupiiagtd Pﬂn@ﬁeé%&amrgﬁ ltchr?ng };*g §E@§%onds
n 0f

into the o] tJ at a fu 03| mm at
3.8 secorcl‘%g ancﬁ-l %‘ﬁr@% tqlgr fl(%ﬁFCPO[S OIHB%‘?SO(EIgé‘slé CSH ﬁdlﬁermmm%me to
F: G ZB aegﬁreﬁiﬁﬁcgndtmcagtpsw frimarthetp osihmf sé@&bhﬁd%@aﬁn@gh?{,gm its
cl'osed t enppeae 0 or,..ref erence,.posj ti on-0 nm at
the ini tlt§ i zat | Oﬁﬁ%&ﬂé&ﬁ%bgoﬁcﬁ E)géerr%g ﬁ%rﬁutﬁn gethe %?SIPBHEHEQCIQE‘F%PEW a
posi ti on BErEmAT PR YR isthe: diffaramtiztos iS6i isoapled t6 aBecdnd idpteeemEs into
o e e e apbras LAl S LRI %?.f?f%’#%fa {885 ot
2.~ secongs an% ﬁlgréaelifsf‘é?raicfﬁ%ﬁi% tB%@rUtBBEﬁIBQB f@mi\ ¢he phséticlvapntiotler
profile 132 ast:ctbtﬂéECQmeﬁuHimmg)broc&pan pr of i ::ler 02 t he obv: oustre?son o; .
passenger safety ai n e_velocity |oop o e
operational bl ock ?ﬁaglrlﬁ%rw&l%r?&ﬁSa %eﬁ‘@&‘?‘l&&aof §ﬁgcp< 8@ eyrrepbpreal ¢
conput es YPHEZason Rl eé’c$1ﬂglﬁ"$1@*|¢dtheeamamitucned osod (SUIM) e 10 ghat ed by

t he encodeid-riheeThigeduRB t rLwo
determn gt’r 'I'thege unber ?%r ggll?“?%p dli(?\)(?:}r Q&Q Iﬁs 'S ﬁﬁ}fﬁ%m‘féﬁ Si‘e‘{’é%l tion
quant i zatl i éYﬁj e A \}P etPYy Theodeivenielermenbds nnmioplsevonl&a@memlthat e
of door MRngperAtmmreféda @fStl%n@BGOrﬁ S‘Wé@ﬂﬂﬁed 't(? gmﬂ Oy?d‘ﬁflgeg
: c

guanti za i S sonewhat, Co such

100 nm / tth&n e“ou% BﬁEh % a‘ie?'d’f“ PREN 98 6&81t1§;YcéF &as zb?ﬁﬁurdlb(tMcea(lhals
coupl ed to t he bIendlng fllter 42 and to a running average bl ock 82 (see
FIG& 4) whose output signal is | abeled "vel view'. The signal "vel view' is
the result of a sixpoint running average. This signal is used to check door
overspeed (see FIG 11). Further, this velocity signal may be enpl oyed
alone to initialize the door operator. The velocity loop is closed using
the signal fromthe blending filter 42, having an operation as nodel ed, for
exanple, in FIG 8. The velocity signal fromthe encoder is passed through
a 0.16 Iag f||ter 84 mhlch ellnlnates nost of the hlgh frequency n0|se in
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9 or offset results in an ever increasing error in the velocity estimation
performed by integration. The blending filter 42 perforns the operation:
.encoder _vel *filter _transfer _for - accel derived vel ¥(1-filter _tran&f é&NfZﬂlﬂ?

where: "encoder vel" is the first velocity signal derived fromthe position
sensor, "filter_transfer_fcn" is the transfer function of the bl ending
filter, and "accel derived vel" is the gecond velocity signal derived from

the accel eration sensor. The operation of the blending filter =12 permts
attai nment aof the,cﬁxcel | ent | owfrequency signal response of the encoder
and the EXReFddAPIhrEAIPBYERITge centsohse ietdrkiras Selel doet drive e

t echni quenitigatinesthenp@leadnll v ag 8N dl-hiye BhAS- oBSiH of. _door

vel oci ty.ané??%h:(ivvﬂo PFrJl Fl xﬁ,) t %%%5%’@632@&%%&&%%@%@ P EY H ases
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| andi ng &arepid suabotibr 4obmangeldxcithgoR|gndb nheht Ik Stortdi "B o nt. A

r educed fflreqﬂge}gg chh%?agge g? t hﬁ J.g_gzcstl't%ng%er rep(iﬁde(?rre%ggfg?%ﬁg?’mﬁdgz%mt he
fitter in the bf ended vebo |ta§°}1 &t PPl FZgi Iyninmize agactive syst em
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qui ckly FFRESCGHpatEsD FasEghcionmibgateystdamirahée showal EorcEldad twididyrocks
88- 92 ar ¢oespilioyeidktaf sxetiedg thachitegRtd el eronet er signal .
The aCCG'ﬁ%_ﬁt,,ibgniiﬁ gi})rte ted | nto su%mésﬁg t@%gﬁ%}%ﬁ??{ﬁ){)g a\%gi?b%e%? can be -
i nj ected.” Thée oﬁ&%i F ThECStntiengOsA Briknaseiible. chupliagar mcatodipsefertioly

i nt egr at OPeg®es Theigh ek, 82rebt hcgag mdROY i SorRERLAYRE: ?l@ar?%g'\é‘?{lﬁqdﬂ&‘ﬁon

i ntegr at e ccet er abi ggc%gglgal frprp met m/s tqo) mllinmekers/s. Turning now
to FIGS: 9A-9D, an_ex%;g) 8ot %F}S PEFRD FanEes P! the devsnr dpmepstlem thei s
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| andi ng ' renge to FI%E ¢ a door ve oclity vs.
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coupl er. VIEHQN v&veles i s the actual door velocity as |abeled "yell" in

FIG 4. T ne cur<rdn h of: | oci det erm ned by the

bl endi ng Elll%]t er_ ~2 fl]j%%rri Bod g%_%g%lt 2 gc{lgéﬁ %&XQ‘?&E@&@@?C%F}IQQI‘ .
practical putpdsdee %fﬁg‘e\fgquéilﬁ intggrate@ tegupvidse det Brstivedokiby signal v itiHi ng
filter :1Raarady"syedbodth andk acclemnte @ﬁﬁmati&n"df&io&a&élaa{tgﬂv‘é?ie{[ ¥hdlgtLE ned

using onkya; s . di the velocity signal would have
shown qui&’ﬁf@aﬁ? ROBBLioI GeRECkendialR) Y Bhe posttiomssnsomsidsdiifieneniiatedne
encoder WHResitaRE L&D providedthersesond svelorigr signal ol iON IR Bt KA HRE

vel oci ty fast ésthaObn of af e El& the. curve 108 illustrating
force vs_ tine spoanrs oﬂlag%n%%rﬁgg%?%%&\? r@é?‘g?l PRPYIAEE TROALHNE PE the
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pr ef er abl Lweted to,avoi d exceeding a kinetic energy’o ul es .
(Wt t - seé%g’.‘{ﬁﬁésr Weu S‘H? VRl EisRBls O gengraiech fidieredh velncity sigoebuitigh 190 N
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An exanmpkiafl ermhe ' . 10..in a, door reversal operation
s shown th K & 500 e e Bt 15 L) Bl dioalP el Gifatned b exanpl o.
by di rect™ i Bt At 3 HRSEOrDeR adesfalpre drutaiuchorm encaderawpetd & &{pdrisive efdal
to the moequieethigé 28401 uMBRS EndrBB) ' - ct...0f, syst em mass and
vel oci tyreé%tluﬁhﬁ i ni.tiation of a rg\H}{emr)ésif trgg‘?ésﬁe?gg %Pgﬁel %5 5980 i s
commanded 1 I{jn*regdhaetn&)g?r 515k PE Rusichas sigel. Fetrtiaro pdilyhaen ennotles sverban
60 mm Th&Rogptsmote BbEGistitORdIORA] , L& Lhe command
of a door reversal at aﬁﬁial f-cl osgg p%tg%tbigﬁﬁgg},g@tﬁ%%ﬁﬁg%%éfglé%onds into
a close operation. As shown in FIl.G 10A, the position dictation, signal and
actual position of the door are respectively identified by curves 200, 202.
As shown in FIG 10B, door position vs. tinme is illustrated by curve 20-~.
Wth reference to FIG 10C, door velocity vs, tinme is illustrated by curve
206, and force vs. tine is illustrated by curve 208 in FIG 10D. An )
initialization procedure is illustrated by way of exanple with reference to
t he operation block diagramof FIG 11. An el evator door is operated using



| ess than full value to prevent potential problens related to the door

bei ng. bl ocked, etc. The door closes until it encountiers a conventi onal

‘cl osed-position sensor. At that tinme the position encoder 70 is in{it'\,ql‘im@lq
to zero and the velocity dictation is set to zero. The el evator dobr=i's ™

t hen commanded to open at 100 mm's until a conventional open-position
sensor is triggered. At that tine the dth of the entrance is recorded and
velocity is commanded to zero. The width of the door and the system nass
are usedrésplg€bntidenotehiegi ty and position | oop gains and to determ ne the
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open and cl ose pro{j‘gﬁa ..yNormal operation of the door may then begin. The
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wher ei n biphal Q8L isFBd to the first summing block 38. .

The input to the first summing block 38 is the dictation signal

"dict”. This signal is obtained by injecting at block 74 a piecewise-linear
definition of the position vs. time desired for door operation. This signal is
filtered using a 0.2 second lag filter 76 to obtain "dict". The lag filter 76 smoothes
out the sharp transitions in the piecewise linear position dictation signél.

‘ FIGS. 7A and 7B are examples illustrating desired door position vs.
time profiles for close and open operations, respectively. With reference to FIG.
7A, for example, the elevator door which is movable 1086 mm from its opened
to closed positions is at an opened or reference position of 0 mm at the
initialization of a door close operation (i.e., at time = zero), at a position of 50
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is a linear encoder. 3. A control systemas defined in claiml,
aznginsthe position nmeans is a linear encoder including a punched netal
strip enploying optical detection. 4. A control systemas defined BnJANyﬂmh
one of claims 1 to 3, further including a notor comunicating with the
control neans for noving the door. 5. A control systemas defined in any
one of clains 1 to 3) further including a singl e-si ded |inear notor
comuni cating with the control means for noving the door. 6. A contro

defined in claim4 or 5 further including neans for exciting the
?r%fgrema?g%‘ §QI ?@15 a’g’d}%sp‘aﬁpoﬁﬁq%lélmpf 0.3gsezand2 e the doomclosat r ol

syst em apedefiomext 4 posilﬁahmféllmfo 2in funat ek (j;[frr]y:éj $§$g5$%§%%gé??§@5% n?Ot he
t ant equency

about a0 Al b E ) Ased B OEREe R bt et o osacondseand uhetvafier

i ncl udi Agtartmgopplasraiparagonhe notor at a general |y constant frggg(rancy of
1S Hz. 9. A oty t r.operator for noving a door,
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' ; m fcuit having a p 1
ot aiaCh 680t BEON r TRt R Bt AR EOUBPBHIO%6 aat ot of t he
posi ti orfecomds anflcheraaliter negathe dobnppbnfoferstee qtqggj@?rvgbgﬁ bg(lyﬁfge?gb?ﬁz

[ 1.1 I_r cui ei ng _coul
ThpUt of The el et do20 ppea R e B S E (S of G eRingek et | on
sensor each havi ngwg% F§iBrAnce again to FIG. 4, the velocity loop of the operational

block diagram will now be described. Block 80 or "vel_calc" computes the door

- velocity from the quantized position signal generated by the encoder 70. The
number of position increments over two cycles is determined. The number of
position increments is multiplied by the position quantization and then divided
by two clock periods to provide an estimate of door velocity. A sample time of 5
ms, for example, is employed. The quantization of velocity is somewhat coarse, .
such as 1.0 mm/.01 sec = 100 mm/s.

The output signal of the velocity calculation block 80 is coupled to
the blending filter 42 and to a running average block 82 (see FIG. 4) whose
output signal is labeled "vel_view". The signal “vel_view" is the result of a six-
point running average. This signal is used to check door overspeed (see FIG. 11).
Further, this velocity signal may be employed alone to initialize the door
operator. .

The velocity loop is closed using the signal from the blending filter
42, having an operation as modeled, for example, in FIG. 8. The velocity signal
from the encoder is passed through a 0.16 lag filter 84 which eliminates most of
the high-frequency noise in the filtered velocity signal, but introduces an
intolerable time delay (prevents closure of sufficiently fast velocity loop). This -
problem is resolved by introducing the velocity signal derived from the doot-
mounted accelerometer. The accelerometer signal has an excellent high-
frequency response, but is erroneous at low frequencies because of a bias caused
both by imperfections and responsiveness to gravitational acceleration. The bias
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~and an output, the input of each of the position sensor and the

accel eration sensor to be coupled to the door novabl,g by the door ngEa;or,
and the output of the position sensor coupled to the negative inpﬁt | 200k
first sunmng circuit for transmtting the position feedback signal
.thereto; an integrator having an input_and an output, the input to be
coupled to the output of the acceleration sensor; a differentiator having
an input and an output, the input to be coupled to an output of the

posi ti on ozedfsRt re@iles an Ahendi N i I irst .and second i nputs and
an out puf?, the first input ccfu%ﬁ%%:?%@te%gyéﬂggétveﬁaﬁ'hgsqw FaR YOI E
second | [Xu?‘% °8d to the out put of the differentiator, and the out put

coupled to the negallie/bleindpng fﬂfcertl‘leF§§BPrH9 tRE PG G cui t for
gn

transmtt Mekocity feedback s | thereto. 5 JAN 2004 14 10. A
control tselfllgtg g%npg'se\@éjglgrnégarilsﬁg&%f‘m*g?c &ived el fashiktentramsfeofcas a
| i near ervébems:. 11. A control systemas defined in claim9, wherein the

Bonl oyt ngoanger el s b0 Tt RIS wighal SPtdge R e Berem semsemy one of
clains 9 flgLei—lt,ra‘HfF’f-H@ﬁ MnEtRdiangfear functionoafuiblecl endireg fOtirpubhdof t he

vel oci ty "ecrdli rddriedd fval" OO Geddifl GO l._syst.em as defined in
any one qf clains 9 to 11, further in%lrcht?j,il%énég g?‘]r?]%%‘g-fé? egiq Arrelsrakisnor
coupl ed to an output of the velocity controller for noving the door. 14. A

control system as d&fd operativrcbaitie bR reind 3iltek Wt h&imi ' ns_for
o e R R B TR AR |

exciting tart,,_ eral ly constant fre

system ase&gé‘flélfﬁelggvi ﬁggﬁggﬁﬂ%g&bﬁl rfép(?mﬂﬂr}t%reqcﬁ ruandgheesisellent highei ti ng
t he not orfrsé%ueém@iefﬁé?@mf’@of:dltﬁsaacrulerbnm}euenﬁfygit@c;wtd_jquéa@ggtg Pmabout 15 Hz
to about e@@grfﬂiallylﬁi-asﬁ‘ré‘@é@t{;ﬂlatt%gggn%%r?@%g&f| ned in claim12 or 13, further

I ncl udi ng nmeans “for, exciting gy‘general |y constant frequency of
about 15 Hz. ' 17. ‘% AReWEIToFI(edhithe blodkgtairdomiua arcatier a i biA8Y 85t A

door, corthe opeergridtheFsi epsabi, fdﬁkﬁﬁhbﬁ Sﬁlg?f A2Geh oL A lgg%l ﬁ%{ddi%gﬁ?\é%bfse door

el oo ty “ePeb A o B Bl AU Bime cepmant Goedueed gramdlggomsito®o of the

movabl e d@8orthardangingeeror dgcreasesitd 2afAns kAAhe jitRE Sh A blended velocity
increases only slightly. The control system 10 works adequately with a 160 ms
filter. It is important to zero out the output of the accelerometer prior to each
door operation to ensure the system 10 operates properly. This zeroing out is
accomplished easily and quickly in a computer-based control system.
. As shown in FIG. 4, the blocks 88-92 are employed to model the
Integration of the accelerometer signal. The acceleration is directed into a
summing block 88 into which bias can be injected. The output of the summing
block 88 is coupled to a discrete integrator 90. The block 92 with gain 1000 is
employed to convert the integrated acceleration signal from meters/s to
millimeters/s. |

Turning now to FIGS. 9A-9D, an example of the performance of the

control system 10 is illustrated on a 1.1 meter, 200 kg single-slide door. The
Position dictation signal and actual position of the door are respectively
identified by curves 100, 102 in FIG. 9A. The dictation is defined using an "S"
curve consisting of four straight liles. The smoothness of the dictation sent to
the position controller 32 is a result of employing the 200 ms lag filter 76. The

* tracking delay in the position control is approximately 1/4 second.



generating a second velocity signal fromthe ppsitipn“5|gnal; and bl endi ng
the first velocity signal and the second velocity signal to generate aAﬁm*
filtered velocity signal for controlling the door movenment. Al a [ gAd
2004 - 15 18. A nethod of controlling a door operator as defined in claim
17, wherein the step or generating a fihst vel ocity signal includes
integrating the accel eration signal. 140 A met hod of controlling a door
operator as defined in claim17 or 18, wherein the step of generating the
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velocity is preferably restricted to avoid exceeding a kinetic energy of 10 Joules
(Watt-sec). The flight time is about 4.8 seconds. A force exceeding 100 N is
required for approximately 1/4 second, and a peak force is about 150 N.

An example of employing the control system 10 in a door reversal
operation is shown in FIGS. 10A-10D. Fast door reversal is accomplished, for
example, by direct dictation of 200 N of reversal force for a period of time equal
to the momentum /200, where momentum is the product of system mass and
velocity. At the initiation of a reversal pulse, a profile to open is commanded
immediately. The reversals can all be accomplished in less than 60 mm. The
graphs of FIGS. 10A-10D illustrate, as an example, the command of a door
reversal at a half-closed position starting at 2.06 seconds into a close operation.

As shown in FIG. 104, the position dictation:signal and actual position of the
door are respectively identified by curves 200, 202. As shown in FIG. 10B, door
position vs. time is illustrated by curve 204. With reference to FIG. 10C, door
velocity vs. time is illustrated by curve 206, and force vs. time is illustrated by
curve 208 in FIG. 10D.

An initialization procedure is illustrated by way of example with
reference to the operation block diagram of FIG. 11. An elevator door is
oOperated using only a velocity control. The velocity dictation is ramped up to,
for example, 100 mm/s in 100 ms at the input block 300. Door force is limited to
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sensor. At that time the position encoder 70 is initialized to zero and the
velocity dictation is set to zero. The elevator door is then commanded to open
at 100 mm/s until a conventional open-position sensor is triggered. At that
tirhe the width of the entrance is recorded and velocity is commanded to zero.

The width of the door and the system mass are used to set the

velocity and position loop gains and to determine the open and close profiles.
Normal operation of the door may then begin. The initialization velocity
control preferably has slower response than the control used to operate
normally. The velocity loop gain is preferably about 1/4 that used in the normal
moce. The velecity feedback signal fed back to the velocity controller is
"vel_view" as shown in FIG. 11. The signal "vel_view" is obtained, for
example, by determining change in position during two clock pulses, dividing
by two clock periods, and then passing the resultant through a six cycle running
average filter.

The elevator door control system embodying the present invention
as shown and described offers several advantages. First, the control éystem may
be employed with inexpensive and rugged linear motors. Second, the
generation of the prescribed motor force is not dependent upon use of an
encoder. Third, motor vibrations are minimized since the linear motor
attractive force is maintained at a low level. Fourth, motor control is easy to
adjust.

While the present invention has been described in a preferred
embodiment, it will be understood that numerous modifications and
substitutions can be made without departing from the spirit or scope of the
invention. For example, the control system xﬁay be implemented to control not
only the movement of the elevator car doors, but also the movement of the
elevator car itself along the hoistway. Accordingly, the present invention has

been described in a preferred embodiment by way of illustration, rather than
limitation.
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comprising:
position means to be coupled to a2 door movable by a door operator
for sensing the position of the door and generating a position signal;

acceleration means to be coupled to the door for sensing the
acceleration of the door and generating an acceleration signal;

integration means for integrating the acceleration signal to
generate a first velocity signal;

differentiator means for differentiating the position signal to
generate a second velocity signal;

filter means for blending the first and second velodity signal to
generate a filtered velocity signal; and

control means for controlling the velocity of the door in response
to the position and velocity of the door.

2. A control system as defined in claim 1, wherein the position
means is a linear encoder.

3. A control system as defined in claim 1, wherein the position

means is a linear encoder including a punched metal strip employing optical
detection. ' '

4. A control system as defined in any one of claims 1 to

3, further including a motor communicating with the control means for
moving the door.

5. A control system as defined in any one of claims 1 to

3, further including a single-sided linear motor communicating with the
control means for moving the door.

6. A control system as defined in claim 4 or 5, further

including means for exciting the motor at a generally constant frequency.
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- 9. A control system for a door operator for moving a door,
comprising:

a position controller having an input and an output;

a first summing circuit having a positive input, a negative input
and an output, the positive input for receiving a position dictation signal, the
negative input for receiving a position feedback signal, and the output of the
first summing circuit being coupled to the input of the position controller;

a velocity controller having an input, and’ an output to
communicate with a door operator;
| a second summing circuit having a positive input, a negative input
and an output, the positive input being coupled to the output of the position
controller, the negative input for receiving a velocity feedback signal, and the
output of the second summing circuit being coupled to the input of the velodty
controller; '

a position sensor and an acceleration sensor each having an input
and an outpuit, the input of each of the position sensor and the acceleration
sensor to be cdupled to the door movable by the door operator, and the output of
the position sensor coupled to the negative input of the first summing circuit
for transmitting the position feedback signal thereto;

an integrator having an input and an output, the input.to be
coupled to the output of the acceleration sensor; o

a differentiator having an input and an output, the input to be
coupled to an output of the position sensor; and '

a blending filter having first and second inputs and an output, the
first input coupled to the output of the integrator, the second input coupled to
the output of the differentiator, and the output coupled to the negative input of

the second summing circuit for transmitting the velocity feedback signal
thereto. '



' ‘() - 9 "()- _mmmi7nZnndEP1! ys5S10% o0& ()-y2 _
?0&18? ?3& g))loozﬁjlgog) ?3& ( )@ @?ggﬁjof&'o?) () 10% o0& ()-"* .10%10.& () Eynnnnnnno- p~\:!I!~
#10% & () -!'k&Y109%5& ()-3109%& ()-! .10%8" ()- 10 0o -OI 0 _1| ‘o 100 (MH 2904
I>l710% 0& ()--psppglrosswle~\:!&&I10%& ()- ! y#l/(\) /B5& (()) by o (e
#109& ()-!" y#109& ()-!0 y#10%& ()- st Euyvlvvvvz!) P1&10%4VE: %_10%3&' 55 e
{055! 0" s' f#109%%5& ()-!""s' f#10%a& () - M’. s f#|10/@& ()-"s
XXX} A?MPL& T10%WE' () - 9! 18%)(? E%)S;f?//gzg\;’\bl&
" VR, oMV () - ) _ | N
ng%& 8 i : f/éol\/l’ﬁld@a(&) (?Aypstmwsxem as Ha¥iRd (ih- claiind D0 Wereir the position

sensor is a linear encoder.

11. A control system as defined in claim 9, wherein the position
sensor is a linear encoder including a punched metal strip employing optical
detection.

12. A control system as defined in any one of claims 9 to 11, further

including a motor coupled to an output of the velocity controller for moving the
door.

13. A control system as defined in any one of claims 9 to 11, further

including a single-sided linear motor coupled to an output of the velocity controller
for moving the door.

14. A control system as defined in claim 12 or 13, further including means

for exciting the motor at a generally constant frequency.

15. A control system as defined in claim 12 or 13, further including means

for exciting the motor at a generally constant frequency in the range from about 15
Hz to about 30 Hz.

16. A control system as defined in claim 12 or 13, further including means

for exciting the motor at a generally constant frequency of about 15 Hz.

17. A method of controlling a door operator that moves a door,
comprising the steps of:

detecting the acceleration of a movable door and generating an
acceleration signal therefrom; |

generating a first velocity signal from the acceleration signal;

detecting the position of the movable door and generating a
position signal therefrom;

generating a second velocity signal from the position signal; and

blending the first velocity signal and the second velocity signal to
generate a filtered velocity signal for controlling the door movement.
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integrating the acceleration signal.

19. A method of controiling a door operator as defined in claim

17 or 18, wherein the step of generating the second velocxty signal

mcludes differentiating the posmon signal.

20. A method of controlling a door operator as defined in any
one of claims 17 to 19, further including the step of energizing a linear -

motor at a constant frequency with the filtered velocity signal to move
the door.



