; e3e"RYATTUTV@ WK6XTRY\ f Dn~' ~~r~ ' *c~2. ACTI VE ELEVATOR H TCH TECHNI CAL
FIELD ' The present invention relates to ¢levator notion control and nore
particularly to an active el evator hit(ih for inproved el evator notign
control . “m; THE | NVENTI ON El'evators are controlled to fold Ao 207
flight pr inimzes flight - 2 AUG 2002 tinme within certain
jerk, accelergtp@n, and velocity constraints. The constraints are sel ected
to ensure a confortable ride. In practice, elevator vertical notion

i ncl udes oscillations about the nom nal trajectory that reduce ride
confort. These oscillations ar [ ' u various spring/ mss
oscillation nodes of the comﬁmﬁgbﬁﬁmqﬁ el evatgr m%tor and t he
car. These oscillation nodes are very lightly danped and thus can be set in
notion by small disturbances that occur in flight. These small disturbances
i ncl ude pasSERQGHNIOAL PTELDai | joi nts, nechanical wear, torque ripple

produced by the drive and notor, air pressure changes due to passing floor
sills, other carsthespfasest inyentignarelatgstp eleyaior matiencentseland mesec. El evat or

oL o, Cont bl AEGUOL.EUB LD B BUFAGE el BB OO e

acconpl i shed using an el evator notion controller. In the elevator notion
controller, the nomnal trajectory to be followed by the elevator is input
in terns of BAGKGROMNI L 'ENIAON evat or car along the trajectory.

The di ctated vel ogity is ySed &t | nat. GesARAded: speed for the
el evator notor. (Ea{'%%ﬂéi ‘{'Jon o?‘l%?ﬁ@?%qoxgmg@l?s measu'rge gﬁ? 15sed to
det er mi ne a tithé twithirecdronirgjerie,sdceetetationyandhvel ity constiaintsl e The romstraintc arer ect i on
to this nomnal velocity command.to ensure that the elevator |lands at its

desi red destSeiegteddn ensirg aGopypRable, ide-o dp prcies) eleyatee verticehmetion desi r ed

| andi ng acc A3 A weiws : | 14 r ically
i ncl udes a %gﬁyﬁeos%%ﬁﬂr%%@r ra?@%ﬂﬁaﬁfdﬁ%%%ﬁgbﬁ g\ﬂo gllgz&f teﬁgg%)ﬁack of
mot or or shegselatienseare primadity doe©td varioassmting/messnescillatio arodenof thehe f eedback
of notor rate tq, notor tor%ue rovi des col O(f ted d ing ﬁ{ .fhe aoscillatory
modes so t hafomnieft ope bepy "M@RYW%’PP\QE&& .Caf Thesecpscillatipp madesyi | | pe
sone error ifef At0ddnt}Rd AR cah bRl @,egjp BSiek ions are
not attenuat"{e}gvg?ur%“ch as degig?]eﬂgi? The%jesrg.f%‘?hiwgs rms?ﬁ%i?{}iﬁ)caj _a%thlta%e end of
the flight, oueur in flight.cThese smalk distythances dyluderppssangerr motiqmerail jeistsi ng and

| eveling errgr e, W . A of ..t he I . f eedback
| oop and inc'?lggr@elﬁ\%’ ?ﬁﬁaéﬁgg\sgpgﬂ |g ?@% g%?‘e eI}Jé”ti}ngﬁR{’tggrengS&%%’?% al |

bui | di ngs t r¢taagésodue thqabsivg flgoresills) foshed lcrsyVarids Strivhiralumembérs ih @iy rope i s
nore conpliant, and there is a considerable tinme delay for the transm ssion
of a notor MIPWBRYPEFt urbation in the machine roomto propagate down the
rope to the car. The speed of this tension wave in a typical elevator rope
is 2500 to 3500 neters/sec. Thus there is approximately a 0.1 sec delay for
a perturbation i nEkehatommotiomeontralis the mpechprigmtty which ite elevatorfis infadedar i s

400 neters below the machine room Th resence of this ti, delay in the
noti on cont rQHOW aﬂa@waﬁl&@tﬁwwgy-i VB%(!WWPE“M ’éﬁyﬂ"g%yts how qui ckly
the cont ol | floofpAted visfhg ! dévatdr bt QifrOfer hﬁtﬂ?@ie@?b fldkght trajectory
and to disturbanCes. This limtation has two I npacts: 15 the el evat or
vertical osceantzeller;rthe nominat trijectary todid followed by thedelevatet i Anput fie tezms ur acy t o

whi ch the car,.can, be de . to. follow a decgel erating, traj.ectgor ecreases.
The tal ler t9ed glﬁq?%ﬂ ﬂ%‘,’c‘{yh%f ‘éf’ élﬂ'gpr ?%{Q&Pﬁaﬂ%tw-né‘%éﬁa%@gm mai nt ai n
accuracy at baaeiﬂnﬁ us&d fb foriQh&nBiniHaF Borhfkfided e fo?rafezfxem& figfog! eration
rate of the car NHas to be slowed for tall buildings. This 1 ncreases

f1 oor -t o-f| oBhe positdn of thewelevatdr icar isimeasired and uskkior detdraine a dixtadCOtongd er

rise elevator,. this ,flaor-toflpor flight time cquld bge jngreased by 100 %
o mar e gttt 3hish 38 nsgd o, e £ oo 10 Tt AemBAL] e BRI L o { or

an 4 Proved @ Enalehal it eRlaff Midf bt £ Uit DeldRREGY 6P LSpAILGNLAL | on Of
oscillations) W thout 1ncreasing Ight tines, particularly 1n buildings
with |ong el eomtolled sirmheswithin-a desibiGlanding atouragcuratel y | and, the el evator
notion control needs to include sone degree of position error feedback. A
common way to acconplish this is to make the dictated velocity a function
of di stance-to-go. Although, position feedback is needed to | and
accurately, it danping of the oscillatory nodes. It is known
that a high poﬂlmmmmmmy"mmtl .e., the slope or gain of a dictated speed vs
di stance-to-go funs;,gg,ﬁgp can cause instabilities. It is also known that to
veering position gairn increases flight tine. The degree of position error
feedback that can be all owed increases the danping of the oscillatory
nodes. It is further known in the art that car acceleration feedback to the

o v o e S "




Further objects of the invention include both inproved el evator ride
quality and reduced flight tinme in tall buildings. According to the present
i nvention, an el evator notion control system conpares a dictated flight
path signal) indicative of a desired efevator flight trajectory, wr iU 2001
measured flight path signal, indicative of actual elevator notion, and
provides a notion command signal to both a high pass filter and a | ow pass
filter such that the frequency of the notion command signal is split into
hi gh and | ow frequency conponents, and wherein an active force actuator,

| ocated at the q. - Z AUG Z002 el evator car, is used to inplenent the

hi gh frequency/ | oFhs tnotike cpatrdlieo also typi¢adly inclides acmachimedrosimgmatorwthtel e t he

I t t i d to i I t,t I f [ hi gh st ti
O B ot oncset Sk Bro s Rkl noigt ol AT RRY 8B B ERERL | P
delay i s prowgedRétidnoéontiRimiY | TRe feBbatlk oF Adtst e ﬁ%ot@ﬂd?cl;&' PRANidE dr to its

use with the neasured flight path signal for providing the notion comrand
signal, the koated damping dftthe bsciltataty Inzodes so thas ey dire noro qoikkl ydetteayated.
associated wth a notion turbation p atjng al opng .a main rope between
the el evat or IRTsFlaHEare ngé?&f“a‘i?}?"rc‘&rfgﬁg‘?g’gtd‘? go’f‘ﬁ'ﬁ’fﬁ@“tﬁ@’c Usfi t h one
enbodi nent of .t W i 1 j | Satdadihcative
of the ol evaris S BEY} A0t eGP REHLEE ol iR, 't 3 Blost SAALRET
further accothe endtdf the)fligher whorb dii ereortis tdrmied @levalirgnérnrant, Thectraokdrgpaned

flight path signal is indicatiyve of the eleyator car rate wth respect to
the hoi st waylevaingosaors sleprgaseriith the bandwidi ef,the spotion coniyeh fegdback 189 act uat or
i's |ocated tQaeila Vit 2Bcdddstdn’ SnditPiRAdon fefs€ between a hitch and an
el evator car frame or between the frame and the car. The notion control of
the invention provides a significant inprovenent in the control of elevator

vertical oscillatio an .n‘iéxiaﬁ{%tes e.i npact of timebdela on el evat or
notion control. T @ﬁs‘I‘B‘ﬂF’#P to VYOS % MOt (5’?3‘58?‘]?‘? NET8P%ue to
the fact thafs hbR @mipldft fldoneleqs aRohhderafe GHR! RTay fof theelrdishRREIN 6f Pet ween

flight time and vertical ride quality. The notion control feedback |oop can
be desi gned motorametion perfnbasion iy thebmachinedtoom 9 prepagattedaroctheaope ta Bicect ory

tracki ng for SO i . an._ac e. i Ve ced f
gt ¢ Pmos. oft STRE el o By URR A5 1 i) Berily hodtE 2508 ke, B8

i npl ement ed meters/46XQ Thisctherel is @pprogimagely b @. restcdelsy for al gertushution ihlled i f t he
notion control js split at a frequency where the high frequency conponent

of the notioffae 'R PEIRREALE Q. the cah ifithe caris 400 Jegtery deloyy the Baching or
travel, then Cﬁm 5ot : i Sl BARed
sufficientl yr(}sac})ﬁ't ?;altlltc srmgf\eh ri J?&%ﬁ%ﬁ%ﬁoﬁkm@ﬁ&?%fk%ﬁ%giln s w t hout
t he current itedandwidth; ovhichsBmits hgwtquicklyethe cohizoltenmeartsciol arrans i following h

t tot hoi.st j i d db . for. ti t h ti
Conand st gni gl f¥he tielblad I8 drhien o this BhisfondiaR g Spmdivor e "
actuat or and(f) e Rvatdaveitieal Giellatidrdicafibt berhs vl MRhhdted| andqR) teon of the

el evator car. The elevator nmotor control is only required to 1nplenent the
| ow f r equencgcqyoaayi torwhith theccamoan bey madertanfodlowi yydedelerating trdjectémyr ce act uat or

id f f ast tt i, h that .th ill i
ecent al |y SpaRtss: dn8 ar i bt o5 Elute e iiibier st imeafy, o o (1
will perfor muithinldeciiy 8t RhGiHE\E12 o SARARSICVElGAITYS heidbelepition

conpliance) because the force is applied at the same point in the system
wher e the rardeiof theeearrasdo basiowed doniall buildings g Thissinereases fipoetd-fivomt es

hor Stway dyndih apend RARERRES indieie o1, MO iR RS i, MAEHBPR
di st ur bances floas fliig GimedeshidB¢ &icfeadddOonie 10090 Qo adit@M 1 ding fcchifié§ Hnll Qitlel S

extrenely attractive for inplenentation. Simulation analysis shows that an
active for cequelityatBierefaeeyiarnged exists fanpl improvedcelevatorometiorcegntxpllent | y

i nprove vertical, motion control . This .uatian requirene n be

il eront od JCRsTY ToEY B8 AkRiation ot SreifainGivihobf HerchSRE el ines,

technol ogy, paftitaRsly iA\REMINES wiBMBh@LleFdist QARG esi gn voice coil actuators in
parallel. Alternati \yel y ) lF\l'@draul I cfactuatl on, rotary notors with | ead
screws, and nunerous ot her actuation nethods may be used to inplenent the

actuation requirenment of the invention. The various control algorithm
conponents of this




6 2 AUG 2002 invention can all be readily inplenented with standard

el ectronic and conputer technol ogy. The foregoi ng and ot her objects,
features and advantages of the invention will becone nore apparent_%g#bhﬂht
of the follow ng detail ed description 8f exenplary enbodi nents ther

BRI EF DESCRI PTI ON OF TAE DRAWNGS Fig. 1 is a schematic diagram of an
elevator; Fig. 2 is a diagramof an elevator car having an active el evator
hitch in accordance with the present invention; Fig. 3 is a nore detailed
di agram of the active elevator hitch used with the elevator car of Fig. 2;
Fig. 4 is a schematic block diagramof a control system for controlling an

el evator mot or arsxldq Q&M‘a\fa Y le\gx'tér nﬂofx F 9&1@930 Mc‘idhetéaﬁxepf esent

i nvention; Fig. étai ema | c I agram'of the control

system of Fidggres; ofapa;dm*ﬁhgarro@ fegalbackQr ARdonirhériehy & adt@miplich pieldi t6ingdke
i nprovenent in elevator ride qual ity usin he resent invention. - 2 AUG
2002 7 BEST thdictatevelagifyyd functomofrfljstan theeghy pesitian feedbackis on

Gsi ng an actiELiedER 3“%@&%?%@%?%%&@%‘&%8%@%@9 o8 b5 car
to a main ragewarthitehighepodifon gam (i€, theeslglecoraiadi ofaatmmedr E}%e&%l ve

el evator hitch includes active force actuators acting paral l el and/or in

fslerl ﬁs with qé%témevﬁ@‘geafﬁmth@)G@V%@%r}iﬁ?@ﬂ{ﬂ%vﬂﬂ’ésﬂﬁ%}owe@atrhﬂ@?a&al ity and
F oo, e 0o AT iR elhes BRS¢ ik ke bB byl tbP BRand R iBicaRT 1€

connect ed atbeoammdnd&asre@uaed@mng ePthelddciflidry AlodenULts fathendaewnadni |y, at
the other end 15 to a cwensatl on rope 16 within an el evator shaft (not

shown) . The ‘he#ﬁelh%taﬁaré m@m@eﬂ@*&&w‘e@%@@ﬁma@ddﬁfﬁdmé@.w\w | ey

20 and the qﬁ% v Jint@f Si on
sheave. The eave g”fgkﬁt&rﬁ%@g&%&éﬁgﬁéte % lgnrﬁm @t%ﬁ‘uﬂcﬁnﬁ an eI ectric
nmotor or a I'l;(ﬂldmglsj thigvistnat effecrivertetaise ofitle n&mmdprlargefum&delaahﬁave 24.

Rot ati onal novenent 29 of the sheave 24 is transl |nto I i tudi nal

nmovenent 30 RIPP3gIENng mafion from the msin mator o thecar, | % theee furthighown in t he
t, t f th
art, a coun eagwhglteedwﬁyl’rl H@goﬁeg da%ﬁ\}é'uéﬁ%g %Hﬁ‘tffﬂﬂigo&éaﬁ)déﬁioﬂ%o? e

el evat or car st oo ose S art that the
el evat or confeedhackcontmolof Fig. 1 is provi ded to illustrate the general

envi ronment of the invention, and various other elevator configurations my
be used with the present invention including configurations that do not use
a conpensat i YOF THE odpunt erwei ght per se, such as a
configuration utilizing a linear notor) an alternate roping scheme) and a
doubl e wr apped t r@bierts ©f shmisvention ineludeiimprevedhastepuatign and dagpingef a f ew

al ternate CO&%@&F f&{gﬁ&@%scm&rs ra&QQBuE:R}% ot the ﬂn%aa f]ﬁﬁxeede O‘g%‘%\?éﬁ (1:2 s

i nterconnecté maln rope y=an active asse his
shown in grembtondaitenl] in Fig. 3. Referring also to Fig. 3, the active
hitch assenbly 36 provides for the

Further objects of the invention include both improved elevator ride quality

and reduced flight time in tall buildings.

According to the present invention, an elevator motion control system
compares a dictated flight path signal, indicative of a desired elevator flight
trajectory, with a measured flight path signal, indicative of actual elevator motion,
and provides a motion command signal to both a high pass filter and a low pass
filter such that the frequency of the motion command signal is split into high and

low frequency components, and wherein an active force actuator, located at the



S - ~ auo zoo2 interconnection of the elevator car 12 to the nmain rope 14.
As illustrated in Fig. 3) the main rope may include a plurality of steel
cables, e.g., three (3) steel cables, which are interconnected to the 0
el evator car 12 via the active hitch aksenbly 36. In the i | lustrated AUG 10
exanple, the main rope 14 passes through a support plate 40 and a hitch
plate 46 and is attached to nounting plates 49. The support plate 40 may be
a separate plate, or it may formpart of the elevator frame. Positioned
between the nmounting plates 49 and the hitch plate 46 are a plurality of
passive hitch spring elements 52. In the illustrated exanple, the passive
hitch spri n%l&‘a?dﬁﬁ},sis5&@@%@%9&@%%%&&%@3{{%& Gifoled Férflot @f ad nount i ng
pl ates 49 each have one of the steel ropes which nake up the main rope 14
passi ng t hermotiomeyhmakhsignd vdile ¢hehelevdtorspoionds wied e implesRnpthedowe even
tension in tthe ste?éi E]O es whi.ch ke utg)the maidn.ro e. Positioned between
the hitch pliEEqCAG/DIgH S H@M%Pg&ﬁl'&? nGemypan a“%%P'r of passive hitch
spring elenents 54 and a pair of active elenents 56 which together with the

hitch plate 46 formthe active elevator hitch of the present invention. The
passi ve hitch sprinrfyrthéreaveordswiftvtheriovantien patitmiealelayip poovidedofior dbleyiagevat or
car so that the.,actiye.elepents 56 do.not need . to su rt .the static | oad
of the elev g di _ ﬁ%@ ﬁ}gnmépﬁﬁ%ﬁWﬁ‘emS&*ﬁg‘gmmg‘w sed to

| npl ement t hg, %uiaiﬁgﬁkeeeﬁaﬁ&{c&mm Gfnal "Be RUAIRA S itV EREIRRAY the passive
hitch spring efenments 54 may be eli mhated. The extension of “the active

el ements 56 dosresponding foettle dglay associnted withys metion gerurbatiedpiopagatingtalongdet ai |
herei nafter, to.thereb rovi de active daming for the elevator car 12

B ong 1t s 13 gin ety U AR moiGe S8 HeldeaR e s 56 mmy i nl ude
active force actuators, such as el ectromagnetic voice coils) the extension
(and contraction) of which is provided by control signals applied thereto.
Al ternatively, this sidkfurtbercdcepndrvith nug embodiment efahé inveniden; dhegreaswred s such
as hydraulicgagiuation,,rotary. notars wth | ead screws...an y, er
actuation rre?’lgﬁfjgﬁé &fglnﬁlbllsénﬁﬁﬁ\vﬁﬁ& gf?eﬂ?“&‘ﬁecaﬁéfﬁgﬁw V‘é%ﬁ?spg‘#éﬂgﬁ%f t he

i nvention Fokoiswappl €) in response to control signals applied thereto, the
active force actuators 9 56 nay be controlled to extend or contract over
a seven (7) centinmeter stroke to thereby inprove the vertical notion
control of the el fvaiPfubORold Fih bhdthlr AfdRimdhor S LRArghy e Of Fig. 4
may be used to inplenent vertical notion control of an elevaftor car using
an active el meaduoed flight path sigaalds intiicatiee of the dlévator car AdtSwAMOE sprce sethe

i nvention. Pﬁf,erri ng to Fig. 4, an elevator notion controller 50 is used to
generate con QIghway; gnals for controlling the elevator notor 28 (and
therefore sheave 24) and the active force actuators 56 (Fig. 3) in the

active hitch assenbly 36. An input to the elevator notion controller 50 is
a feedback si gnal Ageprding fiithes tg3he invéndion; the asfive fasce antuator isrlegateshse of the

I t 12, The feedh i.gnal .on the |i 53 ided b
Censor 57 molBRPRST ARPAY T SRDHEE Sruthpbmen s By af B cRTRE R AR mhunt ed
to the acti vgr hétivedn aeseiid ¥nd3e chhie main rope 14 or other suitable

| ocation for providing the feedback signal on the Iine 53 indicative of the
control response of the elevator car 12 to the operation of the notor 28

ot on command. oi e eSgh gt R PRty L EREAR rBrovheB LB 17V 8,
63 and a hi gthepamerof of élevatévertda® ofuillatiohs @hd iguakaavthe afifact of tife defay s t he

| ow frequency conponent of the notion command signal provided by the

el evat or ot P& gleyaier mstioa cogimol. THiis sigaificantd mpeovemesbinrienatar aohtrohd not i on
comand si gngl L s.provi on.a line 71.to0.an ey,at or .not.er, co ol l er 75.
The el evat orﬁ%koop]%c@?\:tt'gélqp%imn?’g ervawiaggh SW%F%&ES{?QP@MWWQE ine 77 to
the el evator @imeZdhd WortiG® tide gluhm?g THRanStRACEHnab] FefoRLkWG &n Ot Or 28
(Fig. 1), and therefore sheave 24, to inplenent only the | ow frequency
portion of t designeditorhave ahighderouginhindwidth to provide accemtotrajectofy traeking evat or
notor 28 (Fig. 1) and/ oy sheave 24 to fhe signals prqui.ded.on the |ine 77

i s provided g??é@ﬂ%gc’k‘{eoqﬁ‘gtal‘?é‘cf“i“ﬁgl 1% et"!ﬂl’g?‘é"l @G}Mrﬂl YPeontrol ler 75
in the way known to the art for controlling the speed of the el evator notor
28 (Fig. 1). Z AUG 200Z 10 The output of the high pass filter 65 is the
hi gh frequency conponent of the notion command signal provided by the

el evator notion controller 50. This high frequency conponent is provided on
aline 81 to an active hitch controller 84. The active hitch controller 84
i npl enents a control algorithmfor providing control signals on the Iine 86
to the active hitch assenbly 36 such that the active hitch assenbly 36

i npl enents the high frequency portion of the notion command signal.

Y _ S - oy .




A nore detail ed enbodi nent of the invention is illustrated in Fig. 5.
Referring to Fig. 5, a dictated acceleration signal is provided on a |ine
101 to a sunming junction 103 via a lag filter 106. A dictated velp_ci_ir‘%j)ém2
signal is provided on a line 102 to a Second sunm ng junction 111.

di ctated accel eration signal on the line 101 is an accel eration signal

i ndi cative of the desired acceleration of the elevator car 12 during notion
of the elevator car. Simlarly, the dictated velocity signal on the line
102 is a velocity signal indicative of the desired velocity of the el evator
car 12 during notion of the elevator car. The other input to the sunm ng
junction 103g;j ; { 'wd- ation

si gnal) prO\\olsll?‘jxg1 gﬁgﬂp%g%gﬁ@%@g@t@% accé{%ggjﬁgﬁrgﬁgﬁg@ on the line
108 may be [peoformienteslevatoreshows tat #cthe immtiah icontrdliig split 4t mdirequengcwherer omet er
113. Alternatively, other devices r providin .signal indicative, of

el evat or acc‘g? Sl fregbency eampanent ?fjalgﬁﬂﬁ’é‘f’ér"?mﬁg?gb@’og‘éeé ‘.’Sslitga’lj?§€h%%ed
above, the r % K t | B el evat or
peed (due 1Bugpiae Sadbfudd  BR i Aloutle RofA RN o ARERRIA K Py

pert ur bat i oriacreased daffecientlylseabatseooth tites dre pgivindedfin ttide beilldingd withoutpe 14.
Therefore) the Iag filter,106 is,.prqvided to sinmulate the del ay associ at ed
with the el dhacprent oy incq3se flight iMeger 106 may have a fixed del ay
period, or alternatively, it may have a variabl e delay period based on the

di stance between the elevator car 12 and the sheave 24. An exenpl ary
transfer functi orTHeoeartabeelératiod, ivitlerespd26to thedioiseway, ris providedcas feedbatlow wher e

Tis a variaple which represents the rop ropagati on del ay) equal to the

length of t rr@ﬁ%}m}w@,mquécam@ﬁéésn@féﬁqm _ SRy B et ot | ve

hi t ch assemblodfinadhy kel alifarbnP BERYy hmpRAlcAIBidGn P Fericad. 1) 1
&)Z I %rst 0 y t

(Ts+1) - 2 AUG Z 12 Tt w be un ose skilled in the art
t hat ot her npwsi®ncafthe elevatedciro Ehienelevatar moter canpiml s oy gequired tdel ay i n

d ith the j ion. The output of .th ] ' ' 103 i
accel er at 1 ortip O IGS Hishiency Pl o e oo ubiatal Pipbte A beogstay ' 7"
scal ed by a giaforf provideror 850 enbighharAiRh sch Elai HeQope ¥SistdnY afd T Of

signal on a line 115 which provides it to both a |ow pass filter 116 and a
hi gh pass fiessentially plimmeted. oRhipasa very nobpst famn pfidampieg (e itawilk perfaronct i on

for filteri | Qci r I 'i g{ e | ow
pass filter ngilgﬁ}?gﬁ&n@c'}%vm?égg%“&%%y%r'ﬁ#gh%%?%%%éﬁg%ﬁ&y ers?%ﬁrb si gnal .
Sinmilarly, tfoeceisgipphesat the kime¢ pdiht'in the lsyden whetd thehmeris measiredn Thich t hat

t he out put of the high pass, filter 117 is the high frequen poriion of the
vel ocity err’fﬂbuitidj‘ﬁlﬂ%?g yieliminales slevator i pxcdgions Fausei by dhe filter
and the hi ghaigss 1biv fr&jueAtyPnditvag alyhateik dndteY Whidharg Axaited tégd 3 bel ow
(eq. 2) Ss+25 s2+Ss+25 "é"q.’ﬁ%‘gl S 22183+25 ('!ijhe out ;r)lalfte o‘fq tﬂ@sr’gw pass filter
116 i s provi chsomandszandiatker KiSurbandeh,cassdaseribed hemintbave. 111 where it is
sutmmed with the dictated velocity signal on the line 10l to thereby provide
a notor command signal on a line 121. The notor conmand signal is provided
to a gain functiofhe datdn? of BRIiRVSNtBA A &Renely SitaiiVeiE BhplefidiBRen ST gnal on
the line 127 which igﬁt hereafter provided, e).sg., to a drfve and brake
subsyst em 128imutationcanakysisishpws thad an laetiver fovee aghuitdsy having fdrsgxampla 47¢m s a

f eedback si l, i ndicati f t t ' N 131. T -2
AU 2002 13 BRoKse Sth B Fubionf S5 &fal o o bfoh T8 et Fepiemetiot or
command si gngdn BlimpleRerted uifig i l&rofrééc%olﬁﬁgﬁéﬁ ofte cbii? for providing

a notor torque signal on a line 137 for controlling the speed of the notor
28. The out ptechrglogyh @etfiagh inyalving sdverat customidesipn yoice edil antuators ine 141 to a
gain function 1 t out put of ichis a hitch co sjgnal on,the |line
235" The: ni ¢ BareiSA e Bl et Shaer” spiahomeliet BR de! g e gna
line 153 to hifflerdts bber BEthtbnARSRERN May Be ud ﬁqﬂwﬁ&kéntﬂgéclﬁ?au%ﬁt_em' on of
the active force actuators 56 (Fig. 3)° The extension of the active force
act uat or s 56réquirementr of the inventon. a The vardisecoatrokalgorithmoconspanehts dfithis he hit ch
command signal. For exanple, the force actuators nmay vary in length by a
vari abl e extension or stroke of 7 cm The switch 151 is responsive to a
signal on the line 157 indicative of the elevator car brakes being
activated for discontinuing providing the hitch command signal to the
active hitch assenbly 36 to thereby freeze the position of the force
actuators 56 (Fig. 3) when the elevator car brakes are applied. After the
brakes are applied, the active hitch assenbly naintains the car position as
the payl oad varies It has been found via conputer sinulation that the
system of the present invention greatly inproves the control of an el evator
car, particularly in tall buildings. Figure 6 is a graph of car

o o " 11" o T M




hitch of the invention provides simlar flight tinme and inproved ride
confort. This significant inprovenent in elevator control is due to the
fact that the active elevator hitch decouples the rel ationship be;zq@gzmz
flight tinme and vertical ride Quality. gThe invention is described as "using
di ctated accel eration and neasured acceleration for inplenenting control of
the active elevation hitch of the invention. However, the control of the
invention may al so be inplenented with dictated and nmeasured vel ocity
signals. In this case the neasured velocity signal nmay be provided for
exanpl e by integrating the neasured acceleration signal. In this case, the
transfer functl el ; : i : dified
by mul 1 pl yRAg g e o B ot iR el il \eHRRRs Hebddthe wl BbmpBel™™) ' 26
using a pai techholegyi ve force actuators 56 (Fig. .3) for inplenmenting the
active elevator hitch. However) it wll be understood by those skilled in
the art that one or nore active force actuators my 2 AUG 2002 15 be

used, dependi ng t neci fi | evat o | | cati Addi t i onal |

Al though t he act g 'PieeSBEEhd ghheE oBiER ko RB A Blload Bobd SFBM e 1 a1
el ect r omagneiill bedhé€ nozd appar@t i UML) thé Yilowdhg detaitéd 'dést@ptionOsf I ot ary
notors with | ead screws, any suitable device having a vari abl e extension
control | abl @prhﬁéeﬁwlmé@#mf a control signal thereto) either
directly or indirectly, may be used to inplenent the active elevator hitch
of the invention. The invention is described as using dictated and act ual

(measur ed) \BRIEF DESORIPITON OFIHEDRAWINGSrs for controlling the active

el evator hitch. However, any suitable paranmeters suitable for controlling
the notion of an Hig-el i dpchemptipdiagmayofsan plevatar; pr esent i nventi on.

Addi tionally, although the active elevator hitch is described as being
positioned between a hitch plate 46 (Fig. 3) and an elevator frane 40 (Fig.
3), the inventi orFigwilisha diaptaneofual élgvasr ¢uelHaving anhuetiee tlevatoehishainor hitch

i s positioned between tag el evator car and the el evator franme. The active
hitch assenSCRTSRceMith tNEPIFsERaMVEntion; 5. 3 as i ncl udi ng passi ve danping

el ements connected both in series (passive hitch spring elenents 52) and in
paral |l el (passive hitch spring elenents 54) with the active el enents 56.
However, the invdfigi dis airore desrikedadjagrhmyofbe netive el¢vatorputeh ivsed withgheg

el enent s conrfecéogd in ?eri es and/or in parallel wth the active el enents
56. Althougﬁz‘?vﬁ1 icﬁ{/% l%r?’ has been described and illustrated with respect
to exenplary enbodi nents thereof, the foregoing and various ot her changes,
om ssions and additions may be nmade therein and thereto w thout departing
fromthe spirit & 4éopschigmatieblogk dirgmm jof acentrelsysigmaforicontzellingan | s:

16 G . Afl Y~Qs Ao : i i Ll:Lations
during vert i%(l:%'la?orgotl oﬁ%a%rxe'eé*e%tg[-or ig{a‘%géﬁgoﬂﬁgmén%eg%t Z‘f‘fee\bg{”gr flight
path, the el evator car being connected by a rope to a sheave nounted to an

el evator notor, the stem . ] ]
lpxg. § ¥¢'a more detailed schematic block diagram of the control system of

Fig. 4; and

Fig. 6 is a graph illustrating the predicted improvement in elevator ride
quality using the present invention.



conprising: neans for providing a dictated flight path signal indicative of
a desired vertical notion of the elevator car along the elevator flight
path; means for providing a neasured flight path signal indicative-adfAlb 2002
actual vertical motion of the elevator7car along the elevator flight path;
noti on command neans responsive to said dictated flight path signal and
said neasured flight path signal for providing a notion command signal; a
hi gh pass filter responsive to said notion command signal for providing a
force conmand signal indicative of the high frequency portion of said
notion comrand signal; and force actuator neans responsive to said force
command si QMF@REMWENQ{OWWWW@” abl e extension which
is controllé€e y sald torce command srgnal for varying the vertical

posi tion of the &hepadsent ioeentiah prayidesa sigréficand improveentiaithe mptiomi d

vari abl e extension. 2. The systemf claimJ1, further conprisjng del ay
means for d&PRRL aéaﬁl‘a’afﬂrd‘tségéﬂ acyeyFEvateR Michi féﬁéﬂ“’fl%"@c W%é‘?‘l od for
provi ding a [ L gt ' , Vﬁ)ﬁﬁ [ | tion
comand neaﬁ%gétgy?%slgoaﬁ@?@gﬂp%bg g{écf' l‘ﬁg@ﬁ%%?{&%@é&ﬁ |gﬁ't FI]5“21?1 h&l‘{sclngnal and
sai d neasur eldviitor fhrch preiudesagivalforce actpitors abting is pardllsivdnddor ia geriesrithi gnal .
3. The system of claim2, wherein said delay period is a,.variable period
havi ng a duPa¥iVEriampirg dewices ane PERyides IRPIQY tfﬂedl“ab%{é‘-“ﬂghéh‘bfé‘?%\e At he

el evator ca tf%ﬁaﬁﬁgy . cak A U G 2002 17 4. The system of claim 2,
further corr%lre?gkgff . nean ?‘ot?uptf}ncl)(\i/;fl I'ng a brake signal when an el evat or
brake is applied, and switch neans responsive to said brake signal for
renovi ng said force conmand signhal, fromsaid force actyato ans. 5. The
system of claim ,e?qf{}% I‘%F‘g-ﬁcg&éﬁ‘ﬂ@:‘”"a‘“l Waé%ellelv’l‘tf’ér&r“éé‘ﬂgg@ve to said
mot i on_ CoMerdaiet 612 [AneRb@Yl SHidhatd @Y% iaifiPEAY 418! kidbuzRFEENG ST gnal
I ndi cative of %ﬁeg{ﬂﬁw regquency portion \(l)xf sal d notion’ comlrlgnd signal ; and
necessarily, at the other end 15 to a compensation rope 16 within an elevator shaft

(not shown). The compensation rope 16 is received around a compensation pulley
20 and the main rope 14 is received around a sheave 24, e.g., torsion sheave.
The sheave 24 is interconnected to a motor 28, e.g., an electric motor or a
hydraulic motor, for rotational movement of the sheave 24. Rotational movement
29 of the sheave 24 is translated into longitudinal movement 30 of the elevator car
12 via the main rope 14. As is known in the art, a counterweight 32 may be
provided for countering the weight of the elevator car 12. It will be understood
by those skilled in the art that the elevator configuration of Fig. 1 is provided to
illustrate the general environment of the invention, and various other elevator
configurations may be used with the present invention including configurations that
do not use a compensation rope and pulley or a counterweight per se, such as a
configuration utilizing a linear motor, an alternate roping scheme, and a double
wrapped traction scheme on the drive sheave, just to name a few alternate

configurations.

Referring now to Fig. 2, the elevator car 12 is interconnected to the main
rope 14 by an active hitch assembly 36 which is shown in greater detail in Fig. 3.
Referring also to Fig. 3, the active hitch assembly 36 provides for the



means responsive to said dictated flight path signal and said | ow frequency
noti on conmand signal for providing a notor control signal for controlling
the speed of the elevator notor. 6. The system of claimb5, further..ZAgpzmz
conprising means for providing a notorgfeedback signal indicative of the
response of the elevator notor to said notor control signal, and wherein
said notor control signal is nodified by said notor feedback signal. 7. The
system of claim®6, wherein said delay period is a variable period having a
duration directly related to a I ength of the rope between the el evator car
and the sheave. 8. The systemof claim7, wherein said delay neans includes

alag filten t | ' gd toncl udes a
lag ftlter. mteﬁ:ogﬁ%ﬁaﬁéﬁ%@ﬁaé&'l%k rml'ﬁg %@?@m{bgéqgi a‘?%h&}( erli"glFi “sai d

desired ver 3, ¢he maixt rape may inobide atplwralityfof stk sables) eag: ¢ dires )isteel of t he

el evator car wth respect to an el evator hoi st , .and wherein said actual
vertical notPRRS: gﬁpﬁa;%ggqrg@nggtc%tq@ﬁ%vg@r\gﬁl VA thS@GEY%ﬁ’é‘E on of the

el evat or car, W S frh@d helis T, tem of claim
10, further g%@ﬁﬂgﬁpﬁgﬁgﬁﬁ%g@g er orgr%a@Yr 'Orrt?)]ﬁnt edrreé%yl's‘taﬁ%s% tie:l\iilba ﬁ?‘i car for
provi di ng saupporephte 40! and a thitcta platec4felmt Btatachedi tgmaduntih@ platéseddByFThem of

claiml1l, wherein said desired vertical notion is indicative of a desired
vel ocity of spazorépﬁseaﬁ‘gmawe thmws@ﬁscpr it g SRk ﬁ'fmﬁcﬁl%way, and

the. ol ovar or 2y SPKGR 6seditht Hhuhtipd IS0l d68 G nfith FRle B o 00 LY o
claim12, fpladatity ofnpdsside hijch springoaiehentofRt én thenillostexied exaswplel theevat or car
O g e RASE LS S 80 Bl S Gahuass B0 fih pSGchERR ' on of the
mounting plates 49 each have one of the steel ropes which make up the main rope
14 passing therethrough. The passive hitch spring elements 52 provide even

tension in the steel ropes which make up the main rope.

Positioned between the hitch plate 46 and the support plate 40 are a pair of
passive hitch spring elements 54 and a pair of active elements 56 which together
with the hitch plate 46 form the active elevator hitch of the present invention. The
passive hitch spring elements 54 provide partial support for the elevator car so that
the active elements 56 do not need to support the static load of the elevator car.
However, depending on the active elements 56 used to implement the active
elevator hitch of the present invention, the passive hitch spring elements 54 may
be eliminated. The extension of the active elements 56 is controlled by a control
system, described in greater detail hereinafter, to thereby provide active damping
for the elevator car 12 along its flight path. For example, the active elements 56
may include active force actuators, such as electromagnetic voice coils, the
extension (and contraction) of which is provided by control signals applied thereto.
Alternatively, the active elements may include active force actuators such as
hydraulic actuation, rotary motors with lead screws, and any other actuation
methods suitable to implement the actuation requirement of the invention For

example, in response to control signals applied thereto, the active force actuators



an integrator responsive to said acceleration signal for providing said
nmeasured flight path signal. 14. The systemof claim1l, wherein said force
actuator neans includes at |east one el ectromagnetic device. 15. Th?zﬂﬁﬁtﬁﬂ]
of claim1, wherein said force actuatoP neans includes at |east one !
hydraul i c actuator. 16. The systemof claim 11, wherein said force actuator
neans includes_ at |east one rotary notor and | ead screw. 19 - Z AU 002
17. The system of claim 1, fuuher including passive danpi ng rneans
connected in parallel or in series with said force actuator neans. 18. The
systemof claim 1, further including passive danpi ng nmeans connected both

i n paral | el 56unchyi e cmtiotied wi ¢xerladrccohtractverch setear(7)reatimeterStrokbigo syst em of
claim 18, wherein said passive danpi ng neans and sai d farce actuator neans
are mount eddﬁf‘@é'tlﬁwo‘@eg%éﬁm@i melgn gaRgrobphthgiedsvaios %Bdtsaﬁ‘ggﬂ Bt or car
frame or between the elevator car frame and a hitch assenbly . 20. An
active elevator hitch for active danping of oscillations during vertical

nmotion of an el eTa¢ eontedlsyfOmidfiRyg Amapbdeanedtekiilanerdt vegiithl ptibn t he
el evator car being connected by a rope to a sheave nounted to_ an el evator

motor, the e@tiolof aneslevator car ving bagiive slavgtor diteh patcordanes withither connect ed
to the el eva}eg%r}t(iﬁ]\yénﬁgn.h !lie?ariﬂ%?%?iéf Al ahgfe%toi’ otioR 'cBRrtfer SR 19 usJERNS

havi ng a vaPi e extension, s Peast one torce actuator means being

connect ed bgénees contrél ﬁg’rtamfop baitfollanpdthe 2ledatod Pt 28 (aad eherefoné slavereans
for controlling said at [east one faorce actuator neans including: (a)
noti on comahdandethe active foseeoagtustars S (Fig: B3din the active hitch assembly 36. An

input to the elevator motion controller 50 is a feedback signal on the line 53
indicative of the control response of the elevator car 12. The feedback signal on
the line 53 may be provided by a sensor 57 mounted directly to the elevator car
12, or alternatively mounted to the active hitch assembly 36, the main rope 14 or
other suitable location for providing the feedback signal on the line 53 indicative
of the control response of the elevator car 12 to the operation of the motor 28 and
active hitch assembly 36.

The elevator motion controller 50 provides a motion command signal on
the line 61 which is provided to a low pass filter 63 and a high pass filter 65. The
output of the low pass filter 63 is the low frequency component of the motion
command signal provided by the elevator motion controller 50. This low
frequency component of the motion command signal is provided on a line 71 to an
elevator motor controller 75. The elevator motor controller 75 provides control
signals on the line 77 to the elevator motor 28 for controlling the speed of the
elevator motor 28 (Fig. 1), and therefore sheave 24, to implement only the low
frequency portion of the motion command signal. The control response of the
elevator motor 28 (Fig. 1) and/or sheave 24 to the signals provided on the line 77
is provided as feedback on the line 79 to the elevator motor controller 75 in the
way known to the art for controlling the speed of the elevator motor 28 (Fig. 1).



command signal; (b) a high pass filter responsive to said notion command
signal for providing a force command signal indicative of the high
frequency portion of said notion command signal; (c) a | ow pass fi ItZekUb 2002
responsive to said notion conmand sign&@ for providing a | ow frequency
notion conmand si gnal 20 1 ~Uu ~UUZ indicative of the lovr freq;:er~cy
portion of said ~-notio:. conmmand signal; and (d) neans responsive to said
dictated flight path signal and said | ow frequency noti on conmand si gnal
for providing a notor control signal for controlling the speed of the

el evator notor; and wherein said force command signal is provided to said

at 1east one for afi BiplAbhe hih 80 IEH bS NSk HafuEAL) EorirRRELOM! O

varying the vertical position of evat or evator flight

pat h for danptiog colenahd gignilr prquided by deglevatort motdn ¢dnerotierc50.l dhisoligh 21. The
active elevator hitch according to claim20, wherein said control neans
further inclrgaeency semagnenbis pPYdediong Lipedilcioanaastive hijeh cwqﬁeg Bdnal

ndi cative fho oflRSlioKehid B iR Lol JBIRAh 5 SAliatlLhde

el evator flig nmeans oviding a nea si gnal

i ndi cative signdsionahe ling 86 cathermtiveohitehf askdirbiglIGvsatiotha tfe ftivedittlne el evat or
flight path; and wherein said notion conmand, nmeans is responsive to said

di ctated fl pgrmbly3thinmplegments thechigh frequangy ppeiontofi thyymogar KOBMAAd| f or

provi di ng s%g notion command signal. 22. The active elevator hitch
according to c?léi m 21, wherein said control neans further includes:

Therefore, in accordance with the present invention, the elevator motor
controller 75 is used to implement the low frequency component of the motion
commanded by the elevator motion controller 50 using the elevator motor 28 and
sheave 24. The active hitch controller 84 is used to implement the high frequency
portion of the motion commanded by the elevator motion controller 50 using the
active hitch assembly 36. It has been found that the control provided by this
invention provides a significant improvement in ride quality and in flight time in
tall buildings.

In a second embodiment of the control system of Fig. 4, the feedback
signal is provided on a line 88 directly to the active hitch controller 84.
Therefore, the motion command signal on the line 61 is dictated solely by the
elevator motion controller 50. In this embodiment, the active hitch controller 84
is responsive to the high frequency portion of the motion command signal and the
feedback signal on the line 88 for providing the control signals on the line 86 to
the active hitch assembly 36. In a third embodiment of the invention, the active
hitch controller 84 provides the control signals on the line 86 to the active hitch
assembly 36 based solely on the high frequency portion of the motion command
signal without any feedback signal.



del ay neans for delaying said dictated flight path signal by a variable
period having a duration directly related to a length of the rope between
the el evator car and the sheave for providing a del ayed dictated fkFipghus 2002
pat h signal; and 21 - 2 AUG ~W2 whefgin said notion command neans is
responsive to said del ayed dictated flight path signal and said neasured
flight path signal for providing said notion conmand signal. 23. The active
el evator hitch according to claim20, further including passive danping
means connected in parallel with said at | east one force actuator neans
between said hitch plate and said support plate. 24. The active el evator

hitch di | ai m 23, further ipclyding: ti | at ted
{0 the rope: SecodmpeRsd aaihotiFnhabie evidee FolloRm el Be % t b oai d o
| east ~one faﬁgfénfi‘# WF%‘. Sg?iacfi]aat&?%a@fépa@ﬂ's r{IPiéfHégﬂgech&‘E in@NH138'ad hi tch

pl ate; and ereil sal support plate 1I's cohnect 0 an el evator car

frame. 25. Thanabig juactidnel03twis ahag filleral0sor Aidigated velogityrsigdal ivpeyvided sai d
support plate fornms part of the elevator car frane., 26. The active el evator
hitch accor dPhg ling W2:pra segond aming junstien d Lbpdine dintaiedageglesationeignall t o an

el evator car  fr . wher.ei | ¢ _hit. t@.4S.can e

ol ovat or car O B Foe 10F1NALGRATA RePlifQcRIvE o? B 4GRR8 eftad i &

. Au” . Aya?. Af the dNaforhtar A2.dbbing Afdtion 8 Yedlevatdk car. Similarly, the dictated
velocity signal on the line 102 is a velocity signal indicative of the desired velocity

of the elevator car 12 during motion of the elevator car. The other input to the
summing junction 103 is an actual acceleration signal (measured acceleration
signal) provided on a line 108. The actual acceleration signal on the line 108 may
be provided by a vertical acceleration signal from an accelerometer 113.
Alternatively, other devices for providing a signal indicative of elevator

acceleration, such as a tachometer, may be used.

As discussed above, the response of the elevator car 12 to commanded
changes in elevator speed (due to changes in speed of the elevator motor 28), and
to other perturbations, is delayed because of the length of the elevator rope 14.
Therefore, the lag filter 106 is provided to simulate the delay associated with the
elevator rope 14. The lag filter 106 may have a fixed delay period, or
alternatively, it may have a variable delay period based on the distance between
the elevator car 12 and the sheave 24. An exemplary transfer function for the lag
filter 106 is given in equation 1 below where T is a variable which represents the
rope propagation delay, equal to the length of the rope, i.e., the distance from the
sheave 24 to the active hitch assembly 36, divided by the speed of sound in the
rope:

(eq. 1)

(Ts+1)
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The output of the low pass filter 116 is provided on a line 118 to the
summing junction 111 where it is summed with the dictated velocity signal on the
line 101 to thereby provide a motor command signal on a line 121. The motor
command signal is provided to a gain function 125 to thereby provide a scaled
motor command signal on the line 127 which is thereafter provided, e.g., to a
drive and brake subsystem 129. The other input to the drive and brake subsystem
129 is a feedback signal indicative of motor rate provided on a line 131, The
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a line 137 for controlling the speed of the motor 28.

The output of the high pass filter 117 is provided on a line 141 to a gain
function 145 the output of which is a hitch command signal on the line 148. The
hitch command signal is provided via a switch 151 and a signal line 153 to the
active hitch assembly 36 for controlling the extension of the active force actuators
56 (Fig. 3). The extension of the active force actuators 56 is controlled over a
variable extension or stroke by the hitch command signal. For example, the force

actuators may vary in length by a variable extension or stroke of 7 cm.

The switch 151 is responsive to a signal on the line 157 indicative of the
elevator car brakes being activated for discontinuing providing the hitch command
signal to the active hitch assembly 36 to thereby freeze the position of the force
actuators 56 (Fig. 3) when the elevator car brakes are applied. After the brakes
are applied, the active hitch assembly maintains the car position as the payload
varies

It has been found via computer simulation that the system of the present
invention greatly improves the control of an elevator car, particularly in tall
buildings. Figure 6 is a graph of car acceleration verses time for three different
elevator car simulation examples. All three examples assume a 400 meter rise
elevator shaft. The third example utilizes an active hitch of the present invention

employing active force actuators having a 7 cm stroke. The results of the tests are

as follows:
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Example Flight | Acceleration | Acceleration | Dictated Maximum
Time | Overshoot at Landing Acceleration | Velocity
(sec) (mGs) (mGs) (m/s?) (M/s)

Example 1 40.0 6.8 16.7 0.8 12.5
Baseline
(no active hitch)

Example 2 39.6 25.2 21.7 1.0 10.0
Attempt to
Improve flight
time

(no active hitch)
Example 3 39.7 25 0.1 1.0 10.0
Improved ride
quality

(using active
hitch)

It can be seen from the above simulation examples that the active elevator
hitch of the invention provides similar flight time and improved ride comfort.
This significant improvement in elevator control is due to the fact that the active

elevator hitch decouples the relationship between flight time and vertical ride
quality.

The invention is described as using dictated acceleration and measured
acceleration for implementing control of the active elevation hitch of the invention.
However, the control of the invention may also be implemented with dictated and
measured velocity signals. In this case the measured velocity signal may be
provided for example by integrating the measured acceleration signal. In this
case, the transfer functions of the high pass and low pass filters must be modified

by multiplying each numerator by "s".

The invention has been described as using a pair of active force actuators
56 (Fig. 3) for implementing the active elevator hitch. However, it will be

understood by those skilled in the art that one or more active force actuators may
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be used, depending on the specific elevator application. Additionally, although the
active force actuators 56 are described as being potentially electromagnetic voice
coil technology, hydraulic actuation, or rotary motors with lead screws, any
suitable device having a variable extension controllable by the application of a
control signal thereto, either directly or indirectly, may be used to implement the

active elevator hitch of the invention.

The invention is described as using dictated and actual (measured) velocity
and acceleration parameters for controlling the active elevator hitch. However,
any suitable parameters suitable for controlling the motion of an elevator may be
used with the present invention. Additionally, although the active elevator hitch is
described as being positioned between a hitch plate 46 (Fig. 3) and an elevator
frame 40 (Fig. 3), the invention would work equally as well if the active elevator

hitch is positioned between the elevator car and the elevator frame.

The active hitch assembly 36 is illustrated in Fig. 3 as including passive
damping elements connected both in series (passive hitch spring elements 52) and
in parallel (passive hitch spring elements 54) with the active elements 56.
However, the invention will work equally as well with passive damping elements

connected in series and/or in parallel with the active elements 56.

Although the invention has been described and illustrated with respect to
exemplary embodiments thereof, the foregoing and various other changes,
omissions and additions may be made therein and thereto without departing from
the spirit and scope of the present invention.

What is claimed is:
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CLAIMS

1. A system for active damping of oscillations during vertical motion
of an elevator car position along an elevator flight path, the elevator car being
connected by a rope to a sheave mounted to an elevator motor, the system
comprising:

means for providing a dictated flight path signal indicative of a
desired vertical motion of the elevator car along the elevator flight path;

means for providing a measured flight path signal indicative of
actual vertical motion of the elevator car along the elevator flight path;

motion command means responsive to said dictated flight path signal
and said measured flight path signal for providing a motion command signal;

a high pass filter responsive to said motion command signal for
providing a force command signal indicative of the high frequency portion of said
motion command signal; and

force actuator means responsive to said force command signal, said
force actuator means having a variable extension which is controlled by said force
command signal for varying the vertical position of the elevator car along the

elevator flight path by said variable extension.

2. The system of claim 1, further comprising delay means for delaying
said dictated flight path signal by a delay period for providing a delayed dictated
flight path signal, and wherein said motion command means is responsive to said
delayed dictated flight path signal and said measured flight path signal for

providing said motion command signal.

3. The system of claim 2, wherein said delay period is a variable
period having a duration directly related to a length of the rope between the

elevator car and the sheave.

lwlﬁ 00
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4. The system of claim 2, further comprising:

means for providing a brake signal when an elevator brake is applied, and
switch means responsive to said brake signal for removing said force

command signal from said force actuator means.

5. The system of claim 2, further including:

a low pass filter responsive to said motion command signal for providing a
low frequency motion command signal indicative of the low frequency portion of
said motion command signal; and

means responsive to said dictated flight path signal and said low frequency
motion command signal for providing a motor control signal for controlling the

speed of the elevator motor.

6. The system of claim 5, further comprising means for providing a
motor feedback signal indicative of the response of the elevator motor to said

motor control signal, and wherein said motor control signal is modified by said

motor feedback signal.

7. The system of claim 6, wherein said delay period is a variable
period having a duration directly related to a length of the rope between the

elevator car and the sheave.

8. The system of claim 7, wherein said delay means includes a lag
filter.

0. The system of claim 3, wherein said delay means includes a lag
filter.
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10.  The system of ciaim 1, wherein said desired verticai motion is
indicative of a desired acceleration of the elevator car with respect to an elevator
hoistway, and wherein said actual vertical motion is indicative of a measured

vertical acceleration of the elevator car with respect to the elevator hoistway.

11.  The system of claim 10, further including an accelerometer mounted

to said elevator car for providing said measured vertical acceleration signal.

12.  The system of claim 1, wherein said desired vertical motion is
indicative of a desired velocity of the elevator car with respect to an elevator
hoistway, and wherein said actual vertical motion is indicative of an actual velocity

of the elevator car with respect to the elevator hoistway.

13.  The system of claim 12, further including:
an accelerometer mounted to said elevator car for providing an acceleration
signal indicative of an acceleration of the elevator car; and

an integrator responsive to said acceleration signal for providing said

measured flight path signal.

14.  The system of claim 1, wherein said force actuator means includes

at least one electromagnetic device.

15.  The system of claim 1, wherein said force actuator means includes

at least one hydraulic actuator.

16.  The system of claim 1, wherein said force actuator means includes.

at least one rotary motor and lead screw.
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17.  The system of claim 1, further including passive damping means

connected in parallel or in series with said force actuator means.

18.  The system of claim 1, further including passive damping means

connected both in parallel and in series with said force actuator means.

19.  The system of claim 18, wherein said passive damping means and
said force actuator means are mounted together between either the elevator car and

an elevator car frame or between the elevator car frame and a hitch assembly.

20.  An active elevator hitch for active damping of oscillations during
vertical motion of an elevator car position along an elevator flight path, the
elevator car being connected by a rope to a sheave mounted to an elevator motor,
the active elevator hitch comprising:

a support plate interconnected to the elevator car;

a hitch plate;

at least one force actuator means having a variable extension, said at least
one force actuator means being connected between said hitch plate and said
support plate;

control means for controlling said at least one force actuator means
including:

(a) motion command means for providing a motion
command signal;

(b) a high pass filter responsive to said motion command
signal for providing a force command signal indicative of the high-
frequency portion of said motion command signal;

(c) a low pass filter responsive to said motion command

signal for providing a low frequency motion command signal
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signal; and
(d)  means responsive to said dictated flight path signal
and said low frequency motion command signal for providing a
motor control signal for controlling the speed of the elevator motor;
and
wherein said force command signal is provided to said at least one force
actuator for controlling said variable extension for varying the vertical position of
the elevator car along the elevator flight path for damping the high frequency

components of the oscillations.

21.  The active elevator hitch according to claim 20, wherein said
control means further includes:
means for providing a dictated flight path signal indicative of a
desired vertical motion of the elevator car along the elevator flight path;
means for providing a measured flight path signal indicative of
actual vertical motion of the elevator car along the elevator flight path; and
wherein said motion command means is responsive to said dictated

flight path signal and said measured flight path signal for providing said motion

command signal.

22.  The active elevator hitch according to claim 21, wherein said
control means further includes:
delay means for delaying said dictated flight path signal by a
variable period having a duration directly related to a length of the rope between

the elevator car and the sheave for providing a delayed dictated flight path signal;
and
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26.  The active elevator hitch according to claim 23, wherein said
support plate is connected to an elevator car frame, and wherein said hitch plate is

connected to the elevator car.



