;rstuvwe3deH{ HxTAJ6: T- 1 - 23 June 2004 El evator Active Suspension System

This invention relates to elevators and, nore 5 particularly, inproved ride
guality. Conventional el evator system suspensions can be characterized by

t he mechani cal properties of .the transm ssive el enents which connect three
maj or el evator conponents: the car platform the supporting frame, and 10
the guide rails. The conventional el evatoricar platformis typ'ﬁ?hh¥2004
attached to the supporting frame with hard rubber pads. The frane, Intu
runs along the guide rails, which are supported either by stiffly sprung
wheel s or sliding gibs at b aghnend | ; tion of the car
platformin these convemné;%géé§ééi e ﬁ%%&§ by forces which
act directly on the car, e.g., reactive forces due to passenger notion or

wind forces, and bynfer¢asenbich Pelakadi keCk by RSl RAId | Giba |y, by
gui de rail |rregular|t|es e.g., butt 20 joint msalignments, or waviness

due to set@l|B@rBFCFﬁ§rEMvIaﬁﬁﬁov?ﬁe§éd€oﬁﬁéﬁﬂﬁﬁhal el evat or suspensi on

systens can be cl assh{’kadiasaipassiueor Bykhens et driwbiono RienNgy is
provided to the susgenslog gg %Sn1to ounteract the direct_or, rail induced
§F¥&=95°4y

forces. For sOef™pa Enfiec ﬁg%ga}sp§ﬁ3%ﬂ%é%ﬁn:%dﬂﬁ?onlse in
ride quality. tfﬁnéﬁlksaﬂénESSméﬁtB|QﬁﬁﬂhScmth@EtQHmme(ﬁﬁ}ﬂﬁfﬁkﬁVIHGECt

car forces, mhlle LLiian | Qw s nsm nts mitigate
t he effects o?o ggﬂgg Eh%eguFa %§§§%%0%F% % % %ﬁqﬁ
i ssued tolGal hbea gulae ralpassu Weescrepeﬁgrtownednfal@mé:tqromals pﬂ:@cﬂmd

w th a nechani C e L
frame. The ne% #%a??ﬂﬁg ge#?%%%aagggghneﬁk ?Qfégﬁ nE& suspeﬁﬁﬂgg t he
car pl atformeebbeerrpaﬁe frﬁhe wrepel, odf Susal, rEdS arﬁmry dihe gwirde

configurationg,fegealhernr sEergagpbetaa Ehenependulsm g fy dprighassi ve
design in which the mtigation o 23 Juné 2004 effects of rai

irregul aritie¥heelfaR¥nfiéding BH@Seﬁﬁeﬁ@éroﬁtéﬁqhH@F€a§EHJ§€hs|t|V|ty to

direct carsforces.Tha ﬁoﬁ@enpemduherrbeabpclaecfloe&lurle; tHeSe Eﬁirﬁf&n&\ﬂ;nal
4,754, 849, H|r shi . Ando shows el ec ng%aegw %I osed .5 outsi.de the c

symet ri cal | y2RBoREOHuFdE S FRFI &5 ﬁ 95%[%55? S5to i
fromthe el ectnobhgnets,te.geeprehetdar fbeaeﬁ duau;dlpassﬂdgemﬁmdﬁmnn

necessary fer ' S r..Lh [ ai ght
reference Ilnégn?%gﬁ %rgggh QH&lBEf E?ee%t%gfg%% eF§E1§?%%$ qm%%%
bot t om of thephntscuhﬁrtheonguﬁdenr@ﬁlth@ngﬂmhmnﬂiuaﬁﬂxﬁﬁqt()huﬁtcable

i s cont roiéed? H§h€9m§§5%¥;%énh§ a el %%‘in'e%%p SR PlseINS/] e | S
serious question as to whéther slch a cable can be successful y used as a

reliable QU|d%ulédéﬂgstrEPQﬁ?n§§§Ve§§¢§@F&IPQQW¢q9ﬂISqﬁHQQﬁ#Rﬁ;SH%F%m%ther
non- pendul um gah Héséh.agb!&@a.ebl 8s P@taeetlvum it 2 2ROhsdVAiHAt CA@I a

di scl oses what aggears to aa gsssgﬁ é open | oo t:control sten1w%th
sol enoi d act ugt'e §u}8ep§ﬁ8e§e h&f ssFﬁ e@&&&@bﬁ %ﬁﬂﬁﬁl%ﬁ

out - of - straighheeé$retttbe gaide indukced dorsesr.ageddm suatomuisiverenory and

then sensifg LhgeBAS! ! LAR,QM 1 LNERCahHR RS il %Io\éﬁvségr tﬁeaeo;g ey

recalllng orrespon I'ng i nforma |on rom correc
gui de rail sh%’elﬁéstraOﬁglaéeeﬁdﬁﬁ@mntﬁnma@eeﬂaécmml'{m effects of

direct car forces, while compliant (low stiffness)

transmissive elements mitigate the effects of guide rail
irregularities.

30 In U.S. Patent 4,899,852 issued to Salmeon et al, a
passive suspension configuration is disclosed with a
mechanically compliant attachment between the car
platform and frame. The mechahically compliant
attachment is realized by suspending the car platform

35 from the frame with long steel rods. This elevator
configuration, hereafter referred to as the "pendulum
car" 1is a passive design in which the mitigation of the



25 sensor is nmentioned in claim6 but does not appear to be otherw se
disclosed as to its purpose in the specification or drawing. Perhaps it is
used to determ ne the acceleration of the car in the hoistway. Such an
accel eration signal would presumably be needed to 30 determ ne which data
point to retrieve fromnmenory as suggested in claim2. Otala' s approach
suffers fromthe problemof changes in the& eut-of-strai ghtness 533319{6820%4
correction run can be effected and the accuracy with which the store

i nformati on cafféetsndd reoitohfoemiiardsicpeisamayiadeed afodin€ on. A
mount i ng arr%}g?@i?& bPrafd PSRAULUBHT ¥BRsPEiDYRG €abdiiSeShOWAd tddcRs.
Patent 4,113,064 by Shigeta et al - 3 23 June 2004 wherein the cab is
suspended within Fr 3P TRENEBHUBS CBR BUEEFCERF S r HmBworR Y a N ural ity

of rods connegteshf®séhenbpbsn Rhabhenerb. efeplbabiyhyrel aSispfdddai ng
stoppers are shown.interposed bet \AAF=en ttﬁ uagergi de.gf 5 t.he hung cab and
the floor bf FHeEHIF FREnE3T ERERMEEDpHRF L ofBPRETUACEy Fitta& ¥k i%endi ng
downwar d fromdmerendeystde asihdechpngingbfsuceaufidong tier ubber torus

pl aced on an right r xtendj.ng. frem f of, .t r.f

Cl ear ance bet%ee 1 a@g‘?’??\dg‘r’ %%%Ptﬁgehﬁ'%g T 8%%1 |Lssrlgl ffct?léal erLat%'njfso apsermt
movenent but theuié¢essaryt fearboagnbabinungssabute seithieg ttihercars inanme.

Anot her emhodlyenl, CPOPEL ShNGer O2uRECLerURBRE.NAYhEY BALY ARANIIIGR PP M ! S
novenent in any direction of the Rori zonta pl ane. 15 Anot her approach is
di scl osed by dabksteretched| hetweenpghentor, 880, B8EtRAePd 0@ pair of

parallel railg,pieygyrangrd Hokt eppBhabkythB aapPatakhel-egiambalgears the
suspended cab and car frane with followers arranged to roll or slide on the

rails in suclaPhyl® naenthel hafdgusongafetaftRbve 1Mn2afy OF6S 2GARl
direction rel@dntvecl osfeerar trase. iBokhBrobukhgukatt ohwa spendwHendr
supported cab a‘%)lﬁ)roach}?fl errgl Oﬁ passive rei)t&rai nta on novenent .which
nature are r ettt @ FAPHer CtRah®attreESSEBIAL: Hi8%sGSpandiS a@seteqﬂ;l e
known in 1he atitotwdidletaess, | aspactativain whdl weiddlingst.unabl e shock
absorbers are usefl, ag Linabl gohIREAANSER. oIBeY 1CRTRELSE Ay & Aldaint

di spl acenent devi ce nade up, fronta "systens” point of view, of a
mechani cal i fpedahce5305¢def Habtiinetralasdikelpreguihey @dp@ddentta &1¢ o of

defl ection ov, j c f t] i akliel Wi danper.
The stiff nessaergn%@%)%érgg%{'gg g%g?re%\tagaalrzéhggjézsltsggeggri rjfglhdi fJfler enlt

condi tions. FFtexEeh euidar FRgea EBRReHFR§ KBBeCORSeRENSEY NRRoTizing

accel er omaf ernge %tn@feaﬁegiﬁhtﬁéagsafi ghdeguiae eaisel eehredtfionde in
absorbers. Siml arll%/, dur i ng r aki ngh both front ﬁhocks. r.e rradi tiffer.
This is done 3 riCYBRLWAF emBYOLENENAgTRED FENSIBIERE POGS R Hisptidtenent
of the car widdrraspeceé hoisheafr doe &hd pamrpasdi od xededilriedy ditspl acenent .

0 o, st RS LIETR AU 0ORN B BERALS B pleeales s Sl
guide rail shoe positions accordingly. An acceleration
25 sensor is mentiocned in claim 6 but does not appeaf to be
otherwise disclosed as to its purpose in the
specification or drawing. Perhaps it is used to
determine the acceleration of the car in the hoistway.
Such an acceleration signal would presumably be needed to
30 determine which data point to retrieve from memory as
suggested in claim 2. Otala's approach suffers from the
problem of changes in the out-of-straightness before a
correction run can be effected and the accuracy with
which the stored information can be made to conform to
35 the car's actual position.
A mounting arrangement for a pendulum-type or hung

cab is shown in U.S. Patent 4,113,064 by Shigeta et al




5 the car beconmes nore sensitive to a bunpy road. O, as the nechani cal

| npedance of the shock absorbers is decreased, the car becones nore
susceptible to direct forces, other than bunpiness. In our study of

i nproved ride quality for elevators, |0 we conpared the frequencies of

di sturbances caused by rail bunpiness in a pendulumcab to the frequency
mani f estati ons of direct forces and found,3 at |east for a pendu# C%ﬁ@ a
critical area of between two to ten Hertz where we coul d not sa #ghv #h

our desire td"HeEREtR iBenEtRaAPcEFSPAPERSnMA thd e @@ (Tam il iz sofind our
desire to i ncacasetaecbasi eghnbwpeHangeat @llirhilgate of neels fmeserd | east

for a pendul um cab, thj r obl very signiticantly limts the .

effectivenesgu%fg?%eb?%ﬁgﬁlg i %d&ﬁ%e a ngrggé nﬁdﬂ?gﬂﬁﬁkkﬁ%P%sed in

20 aut onpbi | estoSoees speei §hcwexanpkeposbtdabkitweesiushensimizryisienss t hat

are of Interasle diedi Sedaas Lokl ovan U (Palent 4,809, 179,19 Klincter et
Whi

al 25 Klinger et al discloses an~accelérati on sensor eds a
m croprocess@tappeh ¢onpoiseappears inderorktendangaciowatvwarr & ofram nieor

vehi ol suspension el toc L, Fehantad B92.38RAACKY LamR. Lt gl 20

Kurtzman et al_discloses an activeé suspension system con
orientation HlaFRd cPrasansupFighhored eskpprangefyem &heo fillgwf refirhei g, 2

shows an acceler ofeims . f eedbasknsbopatwhehegs égitih'dterc%'?ltdr @éaeor sor 20
and a stryt assenbly 10 _conpnected between 35 each wheel 14 and the chassis,
rﬁﬁ}

i.e., thé 15 FULL Hot SRt VBRI BEEMLL Boyemephebi§od ngud £ imdant to
4,621, 833 toa3dldw stifel g disis| sestankacerketati ram@NSOnntRHdlr Fig. 2

i di ' . t ' I dul e f ti-stabl
Clspensi on uirEoinged SHRRETeLR8 689} 5 e TrokeRe: RarInds ot al o scl oses

a |lateral acdslasrioms grerdfits mévgnebt Whhchnghdisetntiencefneeis ng
conponents i Rsgrit t Z-Z'" inputs of Fig. 4 to include lateral 10
1£gﬂfﬁ§:fféﬁé

stability. Al'so, see or an illustration of an electromagnetic side
frame 1 38d a fer Forrigiry | appteecthr dged 2satopedt byf Laibktck ditagrlammof a

conpl ete e'e@t@ixﬁaﬂéHﬁr@}sgﬂ?%§ﬂ1£H§PéiﬁiQgpéﬂraekiEgrﬁﬁigﬁn?é¥léc" a

railway truck shown in qui . ,
are arranged horizontally in a parallelogram between the

suspended cab and car frame with followers arranged to
rell or slide on the rails in such a way that the hung
cab can move in any horizontal direction relative to the
car frame.

Both of the last two pendulum or supported cab
approaches employ passive restraints on movement which by
nature are reactive rather than active.

Active suspension systems are known in the
automobile art. 1In particular, what we call "tunable
shock absorbers" are used as tunable impedances. They
comprise a relative displacement device made up, from a
"systems" point of view, of a mechanical impedance
(defined here as the fregquency dependent ratioc of
deflection over applied force) of a stiffness in parallel
with a damper. The stiffness and dampening elements are
adjusted during different cenditions. For example,
during a cornering mode, as sensed by accelerometers,
increased stiffness is desired on selected shock
absorbers. Similarly, during braking, both front shocks
are made stiffer. This is done in software by sensing




U S. Patent 4.625,993 to Wlliams et al WIllians et al illustrates control
signals that can be nodified by signals representing vehicle speed and
lateral and | ongitudinal acceleration. 20 U S. Patent 3,871.301 to Kol m et
al Kolmet al discloses active danping of oscillations of a magnetically

| evitated vehicle including inertial and position sensors on the vehicle.
25 U.S. Patent 4,770,438 to Suaasawa et _al, Sugasawa et al discl#es ﬁﬁw%@ﬂ4
aut oot i ve suspensi on control systemwi th”vibration sensors for detecting

road surface Gend 44, Hith€ 0Lt ERACLLAG, 38 Hereégegtstop Merfufel 3t 10

Poll ard et al PoIIard et al discloses an active suspension a vehlc ein
whi ch an aCCQQﬂWﬁﬁﬂ¥ﬂgG?|QF§&¥¢¢Z%HSP%%C%F§PtPat@ﬁt54m9@9 @@SWﬁtﬂﬂquk et

al dlarllf et @ﬁﬂﬁﬁs’fﬁé&xcﬁfﬂar@ﬁh@{%h%ﬂépﬁé‘%ﬁﬁr&&é{-%@ﬁ?ﬁ%@ﬁ{%&'ﬁgf [15 body and
wheel of a vehicle [ ose ositio v

servol oop is ™ %éﬁ 'gﬁﬁgﬁ@§@%4°tJ%P?h?%ﬂ?k4g§§8r§5¥5téSB@§ﬁ6§@§@@er

Br andst ad®er tiies clans & asmas tiamee hyelti 9P Evdet b Ca Sbarppershan syst exdf or

188b, 188c, 200
e ErToa ARl MRS L MSLAA S8 SFOERE" HNBLR" BpafTBers®T
are utilized, as’s

decreased the car becomes more susceptible to direct

forces, other than bumpiness.
In our study of improved ride guality for elevators,
10 we compared the frequencies of disturbances caused by
rail bumpiness in a pendulum cab to the freguency
manifestations of direct forces and found, at least for a
pendulum cab, a critical area of between two to ten Hertz
where we could not satisfy both our desire to reduce
15 mechanical impedance to cure rail bumpiness and éur
desire to increase mechanical impedance to mitigate
direct forces. At least for a pendulum cab, this problem
very significantly limits the effectiveness of the
tunable impedance active suspension approach used in
20 automobiles.
Some specific examples of active suspension systems
that are of interest are listed as follows:

U.S. Patent 4,809,179 to Klinger et al

25 Klinger et al discloses an acceleration sensor 26

which feeds a microprocessor which in turn appears to

control an actuator for a motor vehicle suspension unit.

U.S5. Patent 4,892,328 to Kurtzman et al

30 Kurtzman et al discloses an active suspension system

for controlling the orientation of the chassis of a motor
vehicle relative to the frame. Fig. 2 shows an
accelerometer feedback signal between a strut control
processor 20 and a strut assembly 10 connected between

35 each wheel 14 and the chassis, i.e., the frame 12 of a

motor vehicle.




NASA Tech Briefs. July 1990 di scl oses "Fl ux- Feedback 10 Magneti c- Suspensi on
Actuator" wherein flux density is maintained substantially constant and

hal | -effect devices are used as sensors for an el ectronic feedback circuit

that controls currents flowing in the electromagnetic w ndings to maintain
the flux linking the suspended 15 el ement at a substantial constant val ue

i ndependent of changes in the length of tHe yap. Reference is

M5 611102004
further information which may be found in NASA 'TM 100672. An object of the
present |nveﬂ£+%ﬁ—£%—$8—+#péé&e—ﬁﬁe—ﬁ#&@%&%ﬂ ity of elevators. 20 As used

herein, "cab" r ef esmtﬁzsadma&&eeger apl abfc@lmx&ttapﬂﬂcbeshﬁr nDy abh yr sypper t ed
within an outﬁ# [ QuE. "Car" ﬁf%rs toue %es§en Iatforq% ﬂat i S not
free to move W ThiritaIsBppdPPng “Pr s SP 0% *aAb R Y ny BPEtform

or aIternateIWultcastabéeusedpensneheunuﬁ a 25 frane for a nnvably
supported or suspended cab platform(e.g., "car franme"). According to an
aspect of the present |nvent|on a platforn1 e.g., a suspended or supported
el evator car 6¢S- BRY ., 748 ROSS Efead: | um cab) or supported 30

within a car frama@geéﬁoamgdm&%e@tssal R aFRHANY ddRAnd- Sl Any & eyat or
hoi stway is controlled . with respect to a sel ected parameter by an actuator

in a closed I0Hp c%thths§§P¥ﬁ1FB§65H§PP§°F&“§ SORRSINSTHS dErsRY falglehe

sel ected or laar@tibl@dé , ZEgh i’ﬁ.ﬁﬁuﬂar amergr; Fuel p@bamaeeu%t?efifémy i ncl ude
posi tion,, vel oci cce ation ration or other simlar paraneters,
al t hough ]accesf%?%hb Y1 s giﬁ?er ?38 l‘-”'t‘ & For Ay &ﬁtlﬁ’egrt’%?ctc’o?‘g %\ft‘ﬁnan
aspect of theelzeseoh8dnae2004itdevértinen) andoat felrrnagEspoisSiybiéo a
sensed signal ¢ r9cess nse nal; ri or with a
frequency resﬁ%ﬁgg ?a??o?ég€tg%aghgeéggaaéﬁggﬁe %éﬁ? ornance
drift-free sysslwﬁrmaéti:pntrgathestamcgrnupmshngnaats@wlm sUspgnesent
invention, atgdeagtrd PiwRENEAPLURM cARAMIQdERRNtS, i n regions where car
notion is to be mnimzed, the loop gain is nade greater than 1. At high
frequencites, the 10 loop gain is rolled off to meet stability robustness
requirenents.u/8. | paténequengsesgsthe e legabneitSaiwashed out" to reduce
the effects of se QL noi se nd drhﬁ eIeva act.i ve suspensi on

1 Lstrg Fha

system di scl osed 15 het3'd p?ese 8n8°§ Eet%&QHﬁ it #AL i on
of a sensor, ke aordibdiedanyd amgaalsateprappht&dglmemrexy dpder] axed to

mininize the elfgelp har 2bhotPdueRd: dLeburRaneqsand direct car-forces.
20
U.S. Patent 3,871,301 to Kolm et al

Kolm et al discloses active damping of oscillations

of a magnetically levitated vehicle including inertial
and position sensors on the vehicle.

25
U.S. Patent 4,770,438 to Sugasawa et al

Sugasawa et al discloses an automotive suspension
control system with vibration sensors for detecting road
surface conditions and counteracting same.

30
U.S. Patent 4,215,403 to Polliard et al
Pollard et al discloses an active suspension for a

vehicle in which an accelerometer 3 is utilized.

35 U.S5. Patent 4,909,535 to Clark et al
Clark et al discloses an "active" suspension systen
between the body and wheel of a vehicle. A high gain




« An el evator, in going up and down a hoistway) is 20 subjected to

di sturbances due to rail irregularities which have a frequency content not

unli ke the disturbances caused by other forces, which we call direct

forces. At least for a pendul umcab, unfortunately, unlike the case for

- autonobi l es, the frequency content of-26 rail-induced disturbances is in

the sane range of ~ frequencies encountered at the same time injshe . o004

di st ur banced oeatls pobsiiyk idiredc tvelpaihy reetodpriesdtanleserdost erfectively

countered by high nmechani cal inpedance, while rail irregularities can be

effectively 30 countered by | ow nechani cal ippedance. |In autonobiles, there
Pagg 4.8 9ftal?t Lo Brang eri ng, acceleration and

are wel | defepedafaedas tanh TQ L 3

decel eration, werehasadieefdaedlosdy avundelvetlepdnspngunheitunabl e

i npedance as previ,ousl escribed. In our [ . ordiLpng:to the 35

t eachi ngs §PS§ﬁQiﬁﬂﬁn§%§¥%ﬂu TRRTERY R d%%gfg?%gggrggégg%bectly in

response t estrised anslrrdnarerantBdm] yl3dke, rk88ori A90f ak€e of the

pendul um cont.r-ql h s June; 2004 rel ative di splacement between
81'%}_11(12%& eansoissl?omyg} 11%35‘1]& &

the car an rame dr hi s” same approach applies to active contro
of conventional elevator cars. In still further accord with an aspect of

the 5 presgilsa FRH ipietdle Aetpai9I6 dByYchesas r eanged-Feeabackonventional
car enbodi nent, so as to counteract or&zontal.trgﬂslahiogal fqrces acting
on t he Xar Magifiatg G P IR AR AGEBR TOF o WhSTe bR vERF oS SH g 2Ependul um
or support e iGala iaTdD diuket Snt i1 Bpgesns tanbuanér hall e fifecitz detvdlcesor ces
acting on the hung, or_ supported.cab { i e . .he frane
moves in tﬁgquﬂ%éﬁwﬁﬁ 7#“%3%% 59%0%@2%%8?§£§?%$igggaP%Egnggﬁégﬁgional car
appl i cati orthatt auntirbIeqeireentst Aboving nipathenelemtyorggneids ve

actuators naysihe: DA tRMAEadn tHe £8hx 1VRkEAGNLhEr saebealledg rails on
opposite sides of” the car. Four conventional or ﬁassi e guidgﬁEnEght
b &P Mt i

addi ti drfal I18lenens ek e UbHEaRb2 b CPREERAF. VRLER AR 4G ni ght
advant ageousiah®| Dy, tige J1elythnot thel gad. t hRe epenaendsc eadentticonal " V!

rail shape,_e.qg., 20 shape first su st.ed_f ot he I RS Charl es
R e n tichen hfoRpRCian, BACR ARE AP E S ChEhaoH IS HARK, RS Soag 2
such a concept iznuthiécedof ntheppndaktnm dnvenppont é8 &ab lawppioveattiten it
simlarly nj (L€, Wi i.mtation, only four actuators using a
novel 25 ag%ﬁgé %@%%%ﬁgroﬁﬁ%gggéﬁékglon or near the bottom of the cab for
actuatiafy the caksfusee hadeinl sBeabt hbafersntPati BASSEIRT CIAFRIT™nal

rails for guidiagaddectragPaniy shpbbriuat heenascandovicelr @raagpect of the
30 present invention, the actuators nay d,sQ _as Lo gounteract

: ! J] t get?rrangﬁ =) t ee to
rotational TCRAEESTEEEFHgtabBUPAFERPPEEI PORTERE SHIEN LSRRt &F&°S %
hoi st way ormeve abitwig aresupportingporamd on, oa eaptheamsuppanthigrgore) and
without limfation, if_su pt wil.§.-ut i Li f [+l 4 35 a
conventionéﬁ£%k$o¥%’apﬁo?ggﬁg§gﬁgigfiIFaﬁou % é% 9 ?353?$%£$5%1Qgctuators
‘using t3e stramecfer aanbvshapeshppoatefvercenspendeps calicPlatddidept s
utilized in(g}g.’

"car frame'").

According to an aspect of the present invention a
platform, e.g., a suspended or supported elevator car or,
alternatively, a cab hung (pendulum cab) or supported

30 within a car frame undergoing movements in moving up and
down an elevator hoistway is controlled with respect to a
selected parameter by an actuator in a closed loop
control system responsive to a sensor for detecting the
selected or another, related parameter. Such parameters

35 may include position, velocity, acceleration, vibration

or other similar parameters, although acceleration is

preferred.




_ g+ 23 Jupe 2004 pendul um or supported cab application, it simlarly

still requires only four actuators using a novel active actuator
arrangenent and, without limtation, using conventional rails for guiding
the frame. 5 In still further accord with an aspect of the present

invention, the actuators may be arranged so as to counteract rotational
forces acting on a conventional car, or on a cab hung from orﬁggmgtzg@; on
a frame, about dme furthere apaeyrd Wikhan Aswest pphnkhe IERSs may, 10

but need ne¢hyeRe idef,i REEIRrAUNROSRSIInL DR 10d #SsOhE88J8RGhaaxQ i N such
a horizontal plane and which may be parallel to the ho stvvaéti(\‘/alls. In such
0

a case, a BFOFSFSt Fhsr seised SHOMRY 1R Trbidyad ATTHITRT K f and bottom
. of the car rwbguengyt hespaisd e floprabnis dcibevera zetdkhleachéb@-ati ons in

the roof while those at jhe.baftom | horizontal accelerations in the
fl oor. éy Pﬁﬁgﬁgﬂ"&gﬁel’y dtéfolﬁtr_o eiengésﬁ%gr‘%ﬁz?bnt al accelerations in the top and
bottom rotatiods &tdldutfomttheraldscarkanitdaran oispe¢ttaé £ber- act uat or

approach dﬁ%{égbﬁ%d INVRHIGUH Y A0 1sadtPESrERdRdui@h GaBoBnBeadwenBLcar (in
conjunction wth control of 'horizontal translatiops,and vertical rotations)

it need nofinNbEegd@psusdiadq \wag gt vkt of2 P oRINLPLERE  t SpSad®Iour at
the bottonhaypl NG ¥ Qrdatidr ee 10r REthigh Conégabncdesi,| adey, if such

25 t is inpl t f dul f - d cab (i
coni undBy ofORR: HaBhirD I DA B o er ot DhEY HEBURHRRER ot at i ons)
it may, butrepeddemreintsutilAze onl freigmebes yatieslaspngafioudison the top of
the cab and Ly o0, fde Lot ecancsé?%ﬂ@ GEFOLEANGE SLhLbrIHBLERS apfd h an

-aspect of the present invention e actuators nay
el ect romagA&tifE -t ype. In further accord with an aspect of the present

invention, the agidadiiatBY & BlECiiHIBEHashCaystmddisddoselenoid
actuated wheels. In further accord with an aspect.of the present invention,
four elBct PorEeITaPERIaTHDr e O cOTf | 1FREGE @ UniguescSRRAna6aR Ak,

operating al erghstYy X Scoriixdl,, farid aamoaepeatior uappl iadnihr ame- support ed

car enbodi nent, .is di.spased. for_i rij rces ak le of forty-five
degrees tomé’rﬁoias?{tevsvayt vvanHr,lmé].‘ng?,%%p%%l%%{%o‘?gtﬁg)&/}rgp?gge\%al | s and, 5 for
t he hung ca&ldsévbidinmss and dii spolsechy ofo¥eparti ng forces al ong axes at an

angle of forty-fiVe dRUESs, 1o IWimy aleSand &86nhaNHc9ELHRRONeLd cab

wal | s. The present |nvent]on teaches, anong other  thi ngs, t hat, instead of
positi @R, &akdestafbtle? AL TRARCYD AR aRe abRdbUsIYTEIREFATdeS osed | oop
for activekicontild iof @emedayat @sn€ant ohotabnlikef uhkher teaches that,

(o1 2 o Rt dal | ouited om0t g el a OC R R s
can be forces. At least for a pendulum cab, unfortunately,
unlike the case for automobiles, the frequency content of
25 rail-induced disturbances is in the same range of
frequencies encountered at the same time in the
disturbances caused by direct forces. Direct forces can
be most effectively countered by high mechanical
impedance, while rail irreqularities can be effectively
30 countered by low mechanical impedance. In automobiles,
there are well defined modes to detect, such as
cornering, acceleration and deceleration, which may be
effectively counteracted using the tunable impedance as
previously described. 1In our approach, according toc the
35 teachings of an aspect of our invention, we generate
forces directly in response to sensed acceleration, and

only the restoring force of the pendulum controls the




.15 replaced by a | esser nunber of actuators. According to a preferred
enbodi nent of an aspect of the present invention, four actuators are
sufficient for controlling such translational forces in the horizontal
pl ane. Moreover, as a further teaching, the same four actuators 20 may be
used to control rotational forces about gvertical. For a non-pendul um cab
enbodi nent, al though conventional style rails may be used in anzg ég'

in an

confi gur at ix¥Lati veva 1 &bl acenéhfubatweenmeliebeaadunat #gameslor appli e
active system q%ied Oﬂglﬁlccel eration_ feedback .andtfoo%rct 5 or mre actuators
f

may be wel R ENAY 1R oRFPSI ?Pﬂﬁo?? nSPQELiISrS]m f 8Fces 1 rlmarch]ori zont al

pl ane. Mor exfv ergnesntaidnal hetevebohi agrsthe sane actuators may be used to

control rotati thgl(.) é@{ffsfaPEH&rvségbgg' wiEHr bReLERLRt IJie t3ae teachi ngs

may be extended r application to cab hung_or supported in a car
frame. | Easentabrvenbiener ther actBrECYFspaYefcadtFarndes arf®Sidv | arly

sufficient dgvamtis9hl i Bt EABSHEhEADR sborgeso ke dieidizont al pl ane.
And al so sim | arl '

, as . a further teaching, the.sane actuators may, be used
to control IE?S’”r%ﬁ‘éf‘?]on‘éFa?ﬁrr‘Eg%OBB(gutgo’v'Eg?i E‘El%.m’f‘hé’?e rcc?dfcﬁ%‘y%e t he
added advanimgeheofhgisevhy srppfotyhogctheedésogal kimmeovgrendulurs) ng -

- 11 23 June 20 r t A is e S8, do's cabl e
whi ch may b%gs%ééf@%g (g%? %@gfﬁﬂ?éﬁ%hegg‘?gﬁg&%S’U%OE% many factors such
as bui |0 nhemgontexpafieroasangtinat pActhenhyng ©F sdpperfag €athanges,

vibrations (Uugi {9 PnalheCHEECREAnENakhenBOshRY mdR@Otifereifauses. Such a
construct can, be replaced, according to a preferred enbodi nent of the

present i nf$oRkzy AEcEreRoeferseRiedst YatdFede 18 Ghal s which can al so
be i ndi cat i sen®dntpDShal OBarnapptlieaedohgoptcapund reysiiera, I tMddtough we

teach that a position control. _system.based,on,an. a ler, ter ut is a
superi or ap]g)rrgja%a?ﬁl%' a?gﬁ)yrESBénF?g}YﬁaFC&PFH%rTSS%égsroé:?la é’c?tvfcf%pc}f

accel erbiretehes odr chtwe eeabhfomyabtustingctredlsactoogipesitte ariglespect of
the presentof nyeation, basEd BBndeAtWndl bEIBhALiNG LRARIAD i O the

average car or cab position w respec i xed referent. us, in
further accAReitiemabhyabpeusedf NERE Bhes&RP PhvERE GRF-a prEterded

enbodi ment LOrPRGERSNE hebAti ¥ekintagkouslipleaplaygl @g LOoMutOIndtOOp

r esponsi veafo fo accel eroneters with ong.or ﬁ:DI‘"Q]," rrel.g]t |S\{}e?lr¥}/ sl ower, but

nore accur ’e“,‘lﬁ?‘gi RPTELAr r B "PBEREVPBEABRG Ve Yt 0 FFdd 5 r Sactel eration

sensor s20r 4 cslipd. £ Apethenggepeetl dbrt bthprepantposeseity dhaorligg rat ed from

the need to,ifproyetie poulLhgcHact 18RIkRs! ANt sEhdld:p Alnddls, Oul de
essehing the characte

rails, wthou iI'r contiol "ch eristics. This aspect” of the
present invent1®n3hehi Efesuchi 8 gonreby asi H§ld 12ed diafedadsdtiWhn 9%il in

place of the,steprdaidean” apparedtauhdetr alihni19#aly aigdid RAIGRE achi eves
t he sane anount of 30 control over the car bein uided with al so an
enhanced st¥&FyPRtt b1 ReFFREORat PRLY four actuators using a novel

25 active actuator arrangement on or near the bottom of the
cab for actuating the car frame and, also without
limitation, using conventional rails for guiding the
frame.

In still further accord with an aspect of the
30 present invention, the actuators may be arranged so as to
~ counteract rotational forces acting about vertical on the
conventional car in a hoistway or a cab hung from, or
supported on, a car frame. Furthermore, and without
limitation, if such a concept is utilized for controlling

35 a conventional car in a hoistway it still would only

require four actuators using the same novel rail shape

for active control. If such a concept is utilized in a




. The guide rail of this aspect of the present invention may |ikew se
interface wth three wheels attached to the elevator car, in which the
three wheels 35 ride on conparable surfaces to that of the "T" shape,
nanely on two, opposed sides of the base, but with the nounting surface
bei ng through the upper part of the "¥' 9 -~ 12 23 June 2004 through the

| egs of the "Y', which forma "V', instead of the flat, orthogngh£¥2004

di sposed "tmmidwium her "dlippdheequcdp appllichtiibng dspedmidfarihe sirielkent

I nvention ng b e rail fo Lye rol. Such may
be enbodi ecF‘%l ?A%So‘?n{tirg%&gcg'lg%g?;o%ntarggpbeé \%&gg_sa%rﬂot_ er actuators
such as el exttwateeneasrasgeagenheand’, swigppught ipatataeror USHOG op part of

the "Y' as Sy QUREGRL L CrARESCBor THA1N1RHARREOk bR i Nvention has better
section to properties,than a correSpondi nq T-shape an wei ghs

. yet
consi derbl y | eskt FHiLlshyrkBernagergrt Yikhi PB PEPECY RF (¥ section
proper L | es,pr&sasbi ﬁﬂednbyoﬁprendi algthgelom‘at aﬁyablei grtdae)geﬂ) degss Sﬁot he
"Y". The T-sectjon S re.materia el ow.t he ' t ed near
the 15 cent%‘?mf"f?\’éa%ﬁdrgﬁﬁg%ﬂﬂ r FBGFES £ \gslnfgoo h% %ﬁ‘e%q’%éf%{aﬁlert i a of
the secti orcabpubrtbe seadkrhiingefrbom vphre svMppbagedplomr & -Axaawed akdut of
this aspect S I ayent on.s hal b t I S
spread in t?égtégengg %?L?hgx"%"hggézkﬁﬁﬁgqugagy f?%ﬁ?%énﬁﬁglggﬁier i ne.
They coH r itk enaedeneb, t he AsfbpedoforneuEPesse e COOMEYN about t he

center |iner{oh§eALNENLLY¥s &nYs6BAPE RaviRenthe paBmeSesid G/hidopgdgies is
| i ghter than the corresgonding T:shage. Aﬂqropr'ate%% confiqured "Y" shaped
gui de rai | LOPHER}YRLIPnTAECBPASHEBYWIE Ithe B REH & FF9hi% aspect of
t he presentpiuvabitpnofaachaadevsl opgdbeoemplloged edciadth tihe Teagghapes
presently bej -t [ i [ , rtq.;sba nto
twenty perc%%@gfggggyoggog5g §§¥Tﬁga§?gﬁggggggi%§ 5 %thl gg%g%ﬁégf t he

i nvent i bh preserenbaloppoerienpbjons g §beekrepdt yhidgr Shareasiihey and at

reduced cosgopfortshtabl andrshbREBAl ackle1bdt ibhs? i9ERAl £ RISk baseE
object of this aspect 35 of the_present i.nvention to_provide a ore

5
econoni cal | PeRENEERTLY FERGFILEINGdPQEFeNFa) AREHETR HRA%g R d
sacrifice tfepouhdaneeton,cebtatlionbanget attsmats cafl iyhecaken kdare3 June

2004 gui de é?ll fgdtgée%ghggggtﬁgt%% %%b@d%%%uﬁe@%pi@%é(ﬁreviously

20 is implemented for a non-pendulum car (in conjunction
with control of horizontal translations and vertical
rotations) it need not but may use only eight actuators
{four at the top and four at the bottom) using a novel
rail shape for active control. Similarly, if such a

25 concept is implemented for a pendulum or frame-supported
cab (in conjunction with control of horizontal
translations and vertical rotations) it may, but need
not, utilize only eight actuators using four on the top
of the cab and four on the bottom,

30 In accordance still further with an aspect of the
present invention, the actuators may be of the
electromagnetic type.

In further accord with an aspect of the present
invention, the actuators may be electromechanical, e.g.,
35 solencid actuated wheels.
In further accord with an aspect of the present

invention, four electromaghetic actuators are utilised,




. significantly redesign the other elenents of the car guidance control
subsystem including particularly the three wheel interfacing of the

el evator car to each guide 5 rail. As previously suggested, the passive
restraints enployed by Shigeta et al and Luinstra et al are not as
effective as the present invention in tigat they do not actively counteract
the undesirable translational forces 10 to which the cab is subheghesy@nd

thus do nokaphO¥pASads tdha dr dﬁ(ifs)rwﬁitﬁlpaﬁéﬁn@eﬁoﬁspéhdhlﬂmo ed by
t he present invention urthernore, they, dé) not . ac tvel%/ goynteract t he

- undesi r abl EWOFEPF‘&EPW (GPIWRTRPLHEE T 15 SHBFR2E2dT8Ad t hus

simlarly fimphrtdngr (i\ﬂrdmsasati&nrsrmm]m a:flﬂ@rtmfx.%e qbagseﬂgetc’ag t hat

provi ded byolBg.RLegR f}ivggp Bpdiikeod Al BlayLbey16e gat1g08Rder even

passive restram der ot actjve_ count er mneasures of .any 'kind

wi th reSpeéprt @heoﬁ?altngomb a%t@d)mfé?trt heth despoeed fas i1BBaktEiRgrein. 20

These and @LREEsORNIGHIFS axAldY & ae{‘rfblaéivc@ﬂtﬁ@?ﬁ ofﬁréedadgeéaat tiohvent i on
wi |l becone nore apparent in light of the f ‘ili ﬁgwagial l'ed description,

gi ven by waheoPler&mpldf dlts, h"H%q i9q L%"EH%?%%Q Bhpanyi ng dr awi ngs,
in which: 25 Fi ghel preserit on{we:htag:rmmﬁcms acamungconhenl thysgem f or an
el evator c r cab, a 1,0. t he 2 is an
illustrati %h gf’ RN ea\fg f ltlorgabao&ve\néf#%ﬂ“%%? i na eﬁggst em shown; 30
Fig. 319howdvahne:ag@@nxh1nat15$yslrem otlesed Doop Fereagbidply Figs. 4 - 7
show vari O%nla'fm'lg}a asigde a%&a&e da o 0Rdh gur 8¢ i easthasceedchgst o the

present invention: prior.art actjve rai| configuration; 35
Figs. 9 - Ba§h0\ﬁ‘-’\?-"arai SR rﬂ%‘%ﬁd HPR e L RPYRERD; PNCBREPHHAKL i ons,

accorﬁi ng waihke er@&engg Jﬁngbﬁr%c&@naéﬂétf ssfa:r:]t opnvremmhgalggnqul um
car shown in . - u ro ig. is a
si de vi ew bPrﬁﬁgr‘é:é‘r}dﬁ?{ﬁﬂ%athocf N EﬂAB%\? g%’a]tﬁ gc |§§ sgspenm on shown,
accor di1sg tr@ptlrae:epr aserd Iesmltlmmbér Fpf. agugaters. seécpgﬁdllngplt@n avi ew
ustration eé%omenfé i diGe bOF LA 8ot CheVEhaT peaBeReNPr i Sing a five

degree of ormhung 1 n or supported froma frame which is
itself susp@ﬁ@éTPJfQTDm@#bp@WaWt%eoﬁuﬁbeé?Bﬁ £QRoGPRG rR 1AdVE

act uat or arsh@?lg@dmszidﬂ&&bllofcs@de@elﬁlﬁhéalﬁoﬂzbheanomahethe cab) usi ng
only four el ectromgnets between the ndersi de of the_suspen

suppor ted S5 SYET T | DotuTEPEhet 9 o ctBPdPAGSt SOPﬁeaﬁ’%@? s

i nvent i2on; maiyd bel4l2dd mo:tdsnetro]slmtal:lomansfoateenabaatl vetBilag.. 14C) of
a group of Iectrona net i .6 &gt oL i d t I of the
suspended © s&&rQ%f dél—%% &H{%}%@f hgﬂcﬂé‘:}r88 Pa?resnggggé?tn%ﬁ‘y ng six
el ect rorragtsé;tysle I-ﬁagllaanax lael '|1$¢@|sma@’ilohnéﬂ Lhkepspndapprasieay e 20
simlar) of efamealﬂvaé&ﬁf r&%ﬁ%agrlﬁepéa{aaﬁtszg@aagwgagmaw gy cont r ol

using "V' or triangular shaped rails, accord resent |nvent|on
an active system based on accelerat on feedb ck, and fo

25 or more actuators may be well-disposed for controlllng
translational forces in the horizontal plane. Moreover,
as a further teaching, the same actuators may be used to
control rotational forces about vertical. Furthermore,
the same teachings may be extended for application to a

30 cab hung or supported in a car frame. In such a case,
four or more well-disposed actuators are similarly
sufficient for controlling translational forces in the
horizontal plane. And also similarly, as a further
teaching, the same actuators may be used to control

35 rotational forces about vertical.

These approaches have the added advantage of greatly

simplifying the design. Moreover, by using




,Fig. .16 is an illustration of a signal processor which nmay be used as the
means 20 shown in Fig. 1 for 25 determ ning the nagnitude of the response
required to counteract disturbances; Fig. 17 is an illustration of a series
of steps which may be carried out by the processor of Figure 16 or its

equi val ent in determning the magnitude, pf_the 30 response required to
count eract disturbances; Fig. 18 shows a mat henati cal abstract Uuﬂb2004

preferred conidaly SEbesEs | OEn&26r Yhngnay! nbhﬁeaat e ueeniinelo ! c%}ﬂe
having an inner. Toop W th accel eration fgedg ﬁnd slogg outey | qops with
1819 &

posi tion arth el ¢ oFURESFEelBalRE R SNESEoOrESE &9 or
carrying Cnmaﬁﬁﬁféﬁﬁﬁfﬁcéﬁdhcaﬁtbﬂhldin&lgWaﬁS tgpanhbaotomidol of Fig. 14C

- 15 23 June 2004 in g || It inper
| oop andea?%ﬁ%ﬁlﬁ%ﬂ%DMQU ﬁtLQﬁPerégghga ggﬂgggftgﬁbggﬁﬁf% fﬁﬁhggg in
the outes |aop: clEKEned shotket heishwhygaodnetberofamisgs-19 Suelhhdre 5

detail; Fi g ogdebgogn aﬁ'géwé{ﬂgeeﬁf aceeaefaangoabral b drireq 22

il lustrates & [ring Boar ating, ower. controller of Fig.
21: Fig. 2391111?4’%@??1&'@e@ftﬁbecBﬁEtéBFtoﬂnﬁﬁﬁFilﬁ@aWt ?%ﬁ&eﬁ?%tres‘”e‘% in

exagger at edyd& Nto Fpﬂevzéesae aubewhmear )taﬁf agper dlei dhdadfcatiigre ¥ in a
reduced bl ock di agram f or even nore reduced nodel valid

at all but RFEIFHRRsEIfRe] 8ﬁ8§e%°°§5°?w% 65¥R5®a graph of current vs.
air gapioFi g. 27astiovsgh geapbach phweér avpesaditiogagonkirgl 2 steoms a gr aph

of tine COQ&%&Q& %% agoéﬁgéﬁegghgteggoﬁﬁpﬂﬁ Qspg'%u'%fyaﬁzaégyvm the

the core of Shows am nated c ' t he
coils of Fiwe @Dso recognize that drift is associated with

accelerometers which we teach may be corrected, according
to one aspect of the present invention, based on a slow

15 regulating loop to control the average car or cab
position with respect to a fixed referent.

Thus, in further accord with an aspect of the
present invention, a preferred embodiment comprises a
relatively fast, simple, analog control loop responsive

20 to accelerometers with one or more, relatively slower,
but more accurate, digital control loops responsive to
position or acceleration sensors or to both.

Another aspect of the present invention originated
from the need to improve the combined strength to weight

25 ratio of the guide rails, without lessening their control
characteristics. This aspect of the present invention
achieves this goal by using a "Y" shaped section rail in
place of the standard "T" shaped guide rail.

Such a rail design achieves the same amount of

30 control over the car being guided with also an enhanced
strength to weight ratio.

The guide rail of this aspect of the present
invention may likewise interface with three wheels
attached to the elevator car, in which the three wheels

35 ride on comparable surfaces to that of the "T" shape,
namely on two, opposed sides of the base, but with the

mounting surface being through the upper part of the "¥"



 Fig.. 31 is anillustration of a single-axis lateral vibration stabilization
system such as nmay be used in the actuator arrangenent of Fig. 14D 25
Fig. 32 illustrates the force sumation techni que enployed in the system of
Fig. 31: Fig. 33 illustrates a negative rectifier and inverter such as
enployed in the systemof Fig. 31; Fig.184illustrates a positive

rectifier-inverter 30 such as enployed in the systemof Fig. 3]2g Jlf].h920§45
i || ust rat eghadul® abrd NedLob |t oi'f cuihichichoms @npivyednerellde oSt em

of Fig. 31 Fi 6A is.another. syst vl Dblho | agham of a specific
I mpl ement attpgn%&fascan 4 hlovgeo%aﬁlslp}’en(fsll_ n ss%lcgt etl'rﬁgé ‘?Jérgllégpé?t i cul ar pendul um
cab (shown in UThe PRatisle mioll QBIhBEBIrectorli Hyet brefengr esent

| nvention; ;RLen, 305 in?a’%‘ agl;% gﬁatdg@d PESSEAE 34k 08 PhiflegbBNactivl 23 June

2004 requirenents on l oop_gain for a gart | cul ar pendul um cab
(e.g., & sealFaln USsicipRahPaETReBK 852) tWacesr Bhhget Bcgﬁge&ryesent
i nvention; doir@%013@A Ak o ot sadtusberopeachogp gain 5 and phase

are pllots GG AR S et ort ot rOBR O phager BEn e O OE P acE
particul ar ppmtdtﬂmmmaab'ﬁeasgrtemmma‘gi{cmaﬂeepr esent invention: 10
Figs. 39 - 4l syl 4lle JPd Simeﬁtfa.g;iﬂégygatégydgeeftm active

suspensi on system usi ng conpensator o 6A and 36B, 37A and 37B,
and 38A%andr3gRrid&sorihany a Fceneespesdhng | fvehapsnang yetayeighs

ilTustrati %r@icﬁex‘ﬁkﬂﬂ# alogONt rth i 5 aPiky MRYwBEgHESwhR1kMR®EER- Ng t he
~control of Fig. 36A, Fig. 43 is an,illustration o series of steps which

may be car e TR IREEIRN BRI CSHf ﬁg‘?cﬁi?"?ﬁig.y4ﬁp§ﬁ8§3§'n9hé:%reesul ts

of a test mxatsidlatin tiree 2veffegs i venelss vBE"t heThet Tvsesydbamhafs Fi g. 36A
for a more material, below the blade, concentrated near the

15 center line and thus contributes less to the moment of
inertia of the section about the center line.

In the Y-shape plural-bladed rail of this aspect of
the present invention, the material below the blade is
spread in the two legs of the "Y" and further away from

20 the center line. They contribute more to the moment of
inertia of the section about the center line. Conse-
quently, a Y-shape having the same section properties is
lighter than the corresponding T-shape.

Appropriately configured "Y" shaped guide rails

25 designed in accordance with the principles of thié aspect
of the present invention can be developed to replace each
of the T-shapes presently being used, with a savings in
weight of, for example, ten to twenty percent (10% to
20%) .

30 The Y-shape rails of this aspect of the invention
present an opportunity to guide elevator cars
successfully and at reduced cost of material and
shipment.

It thus is a general and basic object of this aspect

35 of the present invention to provide a more economically

produced or manufactured guide rail without having to

sacrifice the guidance or control characteristics of the




pendulumcab in mtigating direct car forces which shows a ratio of the
measured car acceleration to the nagnitude of a sinusoidal input force over
a sweep of frequencies; Fig. 45 shows a conparison of the predicted tinme 25
response (via sinulation) and the achi eved response for direct pendul um cab
force mtigation; Fig. 46 illustrates-tRhg response of the pendul um cab
systemto a rail irregularity as sinulated-on a test bed with a;rgha 51)(?19

- inbal ance: gQiBegradi B&dapi@fmﬂa&!iysdﬂifmmlsm ofittheut mmtrlﬁ@rt@ont rol 11 ng

one of the el.ectr.omagnets of o] ommnd si gnal
106 froma ?Ilarn"élflﬁfl 2‘%’55 dessugﬂ‘ ]t |s | %fer&? é{ﬁg LFi g. 48
shows pref egnédameansoindir cdasukdsye e, tmhﬁim%fmr@dc‘éb@rlbltlsehene of
Fig. 15 Figny4d Lhedd I 'r!éé%:tfa%lr?‘df thd WIRK WG c 2L 1LY Co gt IGuide
accordlng to the present 1nventio 17 23 June 2004 Fig. 50 shows a
sol enoi dbackailled wheel for use in an active systemsuch as that of Fig.
49: Fig. 51 illuakr %:tx%msi@q S i sl’@(i b&:lﬁaar]gfdﬁlnﬂéltréﬂtﬂﬁiﬂﬂsac't uators
to bring a sus end S rte pIa mtq rest,_at.a sill accordl ng
to the pr es@WP X Hyor‘cl" ‘% Jegfd’ ?o%%la]v 7 POt hd

standard, est#kekitdlved asT” ‘trﬁehe;p:&mea'e:ctnmrgmcde Jrraltthats hblmyngdotsot

interfaci ng Wtrlt}etls(e \ﬂ-{{% é‘tﬁhshape Srarife tiﬁ?ar?é C]-ﬂqafv\;. E&g. 53 is

an end, sec |onaI sectl on gUI Serves

as the aRenplampich &her ced dbeuiiantast and Serde dFPt SPBOY hdei 25
i nterfaci ngsWolbitnt Re rStandad ¢y g shanlesr ofs thiaPrpRsvidedrby ¥hele Fig.

54 is an end, sectiqgnal view of the "Y' 'shaped sectl on guide.rajl of Fig.
52 with twoPEPEEHTORRYIREE et JRHTMETGRe i e 30 AL 53BE 1Yt Yide a
detai |l ed corpantiereet?dhanmdeaninuEbls npthethianll ambézs coopahiian the
characterlstl s.of the "T" sha ui de as_.shown in
Fi g. 55A a‘?’hé's" \?ubsjﬁé;pl){:eedgtﬁrggdcr% Sg]tn[lt aer].%w%zbf]l. gtlrzlé aér@%.{de ;5% Fig.
55B, i nal5udsn'g>0a‘-th the idsp fidertdud pddamigen ek ddiatmipronsded brietheenent al
parts 25 and diaeRsiioRs i ddle 1My ShanResiHe} %éﬁr@@r@&t 8bR8ga¥Lt h two

rel ated tables below the 1llustration and bel ow t'hat a I|$t| ng of
def i ni ti ons eY&&d PRSSYE raftea g ansh Gt b s et i 36t V8w of a gui de

rol I er clusteuntaeei=Euted bt fbaayprmﬁntwltm/amsmt 3o Frgtabiohala side

el evati onal _vi ew h | de rtol I %; cl usa_tﬁ f FI% 56 showi ng details of
t he secondafy¥e§us) s@cﬁz 1% A5 %ent nechani sm
20 These and other objects, features and advantages of

the present invention will become more apparent in light
of the following detailed description, given by way of
example only, as illustrated in the accompanying
drawings, in which: B
25 Fig. 1 is a block diagram of an active contfol
system for an elevator car or cab, according to the
present invention;
Fig. 2 is an illustration of an elevator car or cab,
with a coordinate system shown;
30 Fig. 3 shows the coordinate system of Fig. 2 in more
detail:;
Figs. 4 - 7 show various plural-bladed, active rail
configurations, according to the present invention;
Fig. 8 shows a prior art active rail configuration:;
35 Figs. 9 - 13 show various plural-bladed, active rail

configurations, according to the present invention:

Fig. 14A is a top view of a pendulum car shown in




,Fig. 58 is an expl oded, schematic view of the front35 to-back roller

adj ustnent crank to which the spring of Fig. 59 is connected; Fig. 59 is a

pl an view of the flat spiral spring - 18 23 June 2004 used in the

front-to-back guide for danping and adjusting the front and back rollers in

the cluster; Fig. 60 is a front el evaLinaL view of the front and back

guide rollers of the cluster; 5 Fig. 61 Is a partial plan view UEﬁeQM%pe
Ig. 56

and one of gihe rOjd efsoRfeidesgaide rail cluster of the guide o
show ng the posit]oni g e electronagnets of asaglatively smal | -force

ng of th
actuator; Fig. 62%h aFad St oY 1eY0OE §hE3PEAGHS Y] FRadx erdsit+ whi ch
may be used 4m With angeiet bré oguspens HbnFsnowh9; aBcgrdifigsentiee si de vi ew
of an el ectromm et.cqée'i ig. 65 shows a top view of the core of Fig. 64
Wit h coils%esp%é tIWEHEL . 66 is a sinplified bl ock diagram of a
steerindg circui tFigpr bohtislaingethonatti péaguvdey dililusta@tderopposite

i d i i do.t 0. si b ' 2 df
sides o a;lccﬁdlﬁigﬂ# Qp 3¢ %13(% dlgbggofnoo?.' g/ 698LhebroubpRiunh Y TRY; e qised for

front -t o- bac] S on opg05|te sides of a rail blade; 20 Fig.
67 is a pl Al GeFHeRiPE fEeRAPRUBLABEOEBNRMBE| RGO SHPPBIEeshpgan e

el ectromagnetsraherghich f 06 pragpkesutpenliedcerenmanrdpkoiort hvburitgdd hand
active guide of E%gﬁ 66 is biased in a

| pos'ti¥e diirection and éQf.force
command f oro% b BLT{HAnPBRFHAS| & BPYRSRGSFRUAtOE RESAPETARY dth il 1 o
provi daaa aompdse teimibaonse that tapobfisthbr opb) sustioki wglyetismen t he pair;
Fig. 68 is | ' rag Lo g di.$C e S| ssor of
Fig. 66; H%}é§§f§@géﬁ%%%??%#%§§ﬁen%éfgPaérggﬁs g? g@%iﬁé! 0 6&#%3§?such as
are shown istpbertad ¢ak| agdngheohieer of BoehfrpBegnALCoF& It &v® and t he

| arge act uatyd sppdsehciNgingianst eering arrangenent for the large
actuators; Fig. 70 is_an |llustration he %araneters.illustrated

. X of $ome 91 L |
in the control sttémeldP EFgangshess gigiley LIIRtrAtdent d3%bf the
responsks ofFiy Singt e posatdgpoupr afisdlieetrasagneatiedawtultdr exanpl e, each
one of the §E§ﬁéégg éé@@ggHCEﬁé ﬁﬂﬁgrgidglE!SEﬁgtgﬁspended or

supported cab and the floor of the car frame, except

using six electromagnets;

Fig. 15 is an illustration of the bottom (top may be

20 similar) of an elevator car platform in plan view having
an active control using "V" or triangular shaped rails,
according to the present invention;

Fig. 16 is an illustration of a signal processor
which may be used as the means 20 shown in Fig. 1 for

25 determining the magnitude of the response requiréd to
counteract disturbances;

Fig. 17 is an illustration of a series of steps
which may be carried out by the processor of Figure 16 or
its equivalent in determining the magnitude of the

30 response required to counteract disturbances;

Fig. 18 shows a mathematical abstract of a preferred
control scheme for carrying out the active control of
Fig. 1 having an inner loop with acceleration feedback
and slower outer loops with position and acceleration

35 feedback;

Fig. 19 shows concrete means for carrying out the

abstracted control of Fig. 18 for the control of Fig. 14C




.- 19 23 June 2004 in Fig. 62: and Fig. 72 is an illustration of a
conposite of two such transducer responses such as m ght appear on |ine 698
of Fig. 69. 51n Fig. 1, a passenger platform 10 for an el evator car or cab
i s suspended or supported by neans 12. As used herein, "cab" refers to a
passenger platform suspended or novahly,supported within an outer frane
(not shown in Fig. 1). "Car" refers to a passenger platform 10 28hake b§ogr0t
novabl é 3 URRP KA & Qfa{g@, fafﬂﬂf?o@rc‘:()ﬁﬂ:iﬁl ngg| ugb?, ihogaef Aafferl QUoodp
suspended or supported, c pl atf or sonetines_referred.tg.as _a,k"car
frame"). S& @ Qﬁ&ﬂﬁﬂ%éigfsfﬂ% BQ% %?r%a%ﬁcFE?ﬁfarg}géi 1SR E s pended
by a cabl e isaibeaVein echotatteay Sbepyve, (ii) a 15 ("pendul um') cab
suspended by a cable,,t0 r.r it r T*RN C pported
on a novabl e plgﬂgﬁrﬁénéhle% ggéa¥hégégu??§g??§ gggféﬁedlgigfbﬁ?u%?v) a
cab suppor td&tagil ia novable platformin a supported or suspended car frane,

etc. In all casgsyqgthe e] @vahol) $aEL2RLPEnCAE &I pBRelsS camptedluRrgnd down in
an el evator hoi st way %got shown in Fig,,6 1 a;#deddb% neag%.sucQ¥ﬁ§;vertical
rails (not showBi%ttaehbblEBtTAESROR st WaY HaPPereadesr §id "o pr esent
invention, igneny pewer dishbrbdbeesotdFfguchkias an air current in the

hoi stway 25 acti on . the car _or, . car fra UnRYy [ i_St.yr.

transmtted to t ca §o+l§%%t5§tﬁsr5%ﬁl?gg?ggg gﬁtpg g??%?%h# eggﬁf

condi tilgh iofsesecin oexajgenatedefernimy be sensed by a sensor 16 di sposed
in or on the carp{l, cab Qﬁ@%é‘i’%ﬂ%lghe;:r?ﬁ SeNspbrat ibwpioalriy . sarsan an

ef fect of 30 the di sturbance’ or providing a signal having a nagnitude
i ndi cati ve ®dfredicefignl poledbRITAR EPFBEt on a line 18. Means 20 is
responsive to thej§i g9al spsP¥i 8R0e08n! hogelBellGEedemexialniviag iichetmagni t ude

of the response required to counteract.the sensed effect of the 35
disturbancé“ghgme?g%?og?H?ﬁ §r§ﬁ§ﬁ8F18ﬁ'a line 22 for comuandi ng an

actuat ars 24 to aftwgat 26t hbowpkanf graphOofiscintteodt &¢ .by ian gagtiuat i on si gnal
on aline 26, Theig 12 #0snaids NG AR 2CpURREY v22 B R li sposed, wi thout
"t r n i

limtation, betwee e car or c rame and the hoistway omit may be
di sposed bet weerFidie 28rsheufeaaiaphecfabimfs CARSTREY VEre ¥F1dr 9aFpyarti ng

forces therebetwees iforgapRESE bai? blkece@Nkr Torsugrakidth lHHie obke A
plurality of sensors simlar to sensor 16 nmay be di sposed to be responsive
to one or rkeFL@t edPéd parameters indicative of translational and

rotati op@l movenebys 86 shewean damdabtedi chreaffoe nset oridéwitdtee 10 from
staying perfec éygﬁeﬁigreggon an imagi nary vertical line through the center
of the hois?%b&. uc énSofs may be responsive to any one or any nunber of
sel ect ed paranetBig.sdthiasanhadlpystragaonf ofhe sdmade-dap swiktdteXspect to

the hoi stway;pihe; bhranehBlihgpak i8RCaYStak|, 088ichd 2XRRNY Ycetdy ipe car or
cab, etc. According to a preferred enbhodinent of the present invention,

P .
accel er at i oFhe sASEHRIEAr BLHERNIEREDES OfaY 1Hr ovi*d¥é one or nore.sensed signal s
to the sgans 20 pigangphen ]gstirhgesmenss fofrcer éaimmrat iconmeritm ianod osed | oop

{ﬁ;eﬁr{gﬁéegmgio%gdaggogﬁgi%yg%%%b%%kFggqtsqh, according to the present
Fig. 33 illustrates a negative rectifier and
inverter such as employed in the system of Fig. 31:
Fig. 34 illustrates a positive rectifier-inverter
30 such as emploved in the system of Fig. 31;
Fig. 35 illustrates an FC-controlled clamp circuit
such as employed in the system of Fig. 31:
Fig. 36A is another systems level block diagram of a
specific implementation of an active suspension system
35 for a particular pendulum cab (shown in U.S. Patent No.

4,899,852), according to the present invention;

Fig. 36B is a qualitative presentation of design




.As suggested above, one way to view a preferred enbodi nent of the invention
is tothink of the control systemas causing the elevator car's vertical
centerline 25 (or elevator frane-suspended or frame-supported. cab's
vertical centerline) to remain coincident with an imagi nary, stationary
reference line up the center of the hai ggway, w thout the suspended car or
cab's centerline departing from coincidence with the hoi stway rgfﬁé §@
tCﬁnt e{' It ne fdq Mi-&?élﬁtl:éh@anﬁheobvé?Ellhawo@:g galin Q’:@i:t e Iparze;lcdmru:ft | with
e stationar nt er romrotating.a e.s nary centerline.
Fig. 2ill L%‘F%/%'t‘:g mc‘&?t’o?écﬁb nﬁﬁn? 8¥8c il g’#%ﬁe&@rt§r%6§0 ‘16b, 16c whi ch
t oget her set y&992s88R) exaopbeddhigatsds thenpresantarigameritiariyvat nay be used to

sense hori zont aI Q%fel ?zgt 588%%”5% blllaglssggfl Lthféordgk‘?{nl%oﬁ ga%%llati ons

causi ng deV|at|ons e car or cab's centerline June 2004
t he hoi st weand phaser fhgdeand, thet psedusdcdId&) I iGhis)i Mg He($briyoi ng,
by further sensiggaaccel erations manifesting small rotations of the car or

cab about the™ hoi stvvay centerline. An additional set of sad:[qélar 5 sensors
16d, 16e, 16f meli9But 3RBe@NAoPEBHBTEORPICET ReatitndaSHPas  the car or cab.
Sel ecti ve usempéneatodr gaheagtophase! aactleatfars thextg pawtiaietar groups

24a, 24b, 24c, ,24d peLm Ls the e rt| forces ts esired
coi nci dencep%'fldltl?'i]emcgfTl %‘eéégnan ﬁ0| ;&tqvvg/ tfo tglen g|£!?;leﬂsq lg{r?gaﬁ&f lges red,
with nol@ot ati onFapgsut 3%ert #dabusmagice &b@utre@m@t@r gforee sixeslatiome

hori zont al %gg; of Rhefekted gqggglnrgq@h gfysttléen RIsSRNteHdvention utilizes

two groups actuators 24a, 24 ,. each oup corrprl sing_a pair of
act uat ors. FRUBeNaptABUGH F\)&E51536|Ao@}5’§1 offBact ét@r"sda?réarsfﬂf% r both

- the top andahfesbsit agretdihg ¢:a»r tchr:e palesdrit sihmdrﬂ:lhﬁrunder stood that such
are shown to indjcate, actuators i f.rom 5|tt| n or .in

grouping, i.e., OtHer gr &ﬁp?ﬁg& 5‘(‘:%@'105’0? Uré ceﬁr}fﬁ?

enconpass edwhychhmapr beented0 mmlmptllemrentAsigm:rlta amd;ralhepHrier red

enbodi ment ? y uses actuators at the bottom The fact that the actuators
are shown detached fromthe platform (i rrpl yi el ectromagneti c actuators
utilizing a cont Bé8kedd (& ahgdlussamt ioq rﬂfg\ﬁayseé%(ﬁ%de‘s HetRAt or s

nechani cal |Mh¥éha¥nﬁ?cbﬁdc%9r§.|&% Rt 1 h A raididdc Yoit fnfﬁje dizrensi onal
coordi nate system.illustration 44 in 1%,%2 has It%e‘coerf{) |n the paper
and shoul d be th8dght 48f SBEWRaFihRg Lesy & e \: Rty of
the carzor esbet@isadebaviofg thies a’m:mmwsgta&xlcsf Riignt i TEp utﬁmpex pend| cul ar
to the paper t th a 0 44

i |l ustrated® |ﬂ8ﬂrrgglg' &Caij (I?‘1 r':I'—llq-gm&e‘%’(zJ %equee%actl sqtqe(rpb ‘ﬁ{sleér:lj\’/edh%ﬁ in
addi tion toarvagticons &b@umetamlr\ﬁeir tagalaceedarat idreree de b@qm@@d@ns
about the xsgnd Elﬂ&%%lﬁélmh%t”%x@é%»@r GOY &k BCLAILAPed 0 the

present i nventl on, if desired. According to he present. i nventj on,
transl ations in FRE-h8Pi SHRWE aplcé’ﬁ’é’arﬁf%o the predicted time

25 response (via simulation) and the achieved response for
direct pendulum cab force mitigation;

Fig. 46 illustrates the response of the pendulum cab
system to a rail irregularity as simulated on a test bed
with a rotating imbalance;

30 Fig. 47 is a detailed schematic of a circuit for
controlling one of the electromagnets of Fig. 14D in
response to a force command signal 106 from a signal
processor, such as is illustrated in Fig. 42;

Fig. 48 shows preferred means for carrying out the

35 preferred control scheme of Fig. 15;

Fig. 49 is an illustration of a three wheel active

guide, according to the present invention;




.- 22, 23 June 2004 controlled using the apparatus shown. Such may al so, but
need not be, used for controlling rotations. Thus, the present invention
may be used to control rotations in the horizontal plane and may be
extended to two or even to a 5 plurality of axes including an additional
hori zontal axis and a vertical axis. ltywll be further observed that the
sensors, in this case accel eroneters, cannot be positioned at tiy%u%ga?gj of

gravity as woul drfig, 4961 £186rs Au f 56DEnOEar 98 uALeaf whedS ¥ &IsLonpar
is illustrated here w thout Ilnltatlon acceg%able conprom se. The

sel ected péd) AT TSR FRFhsEPatRd gﬁngg‘i 6f course arbitrary. It
shoul d not beirﬁfqreﬂlfiDnmﬁhﬁas¥9n§tepsohhiahhmpgsb@<mdnn;aﬂtdutespect
to the "'%ﬁ{ A ed 1o coordioaLe 8??&3”& g{lsée ﬁ@&ho‘il ey o&‘{aé%the

sel ected relations |p IS required Phe cPai Fed B nvent i on
ot her wd delatffomxanpl resteator sstbll dapeonfiipaedof dhes @mrgsant
acceleratllﬁ%éﬂgighaxes parallel to or coincident with the axes of
actuation orty 20 five degrees with_respect to the hoistway walls.
In any case, it Eﬁ%ht belad¥antBdeotECtiANGYNE 1LY &L, W FHANAF D

coordi nate éatsdkemitaad nmaxgﬁaﬁem kaetyonl yghae watih ,t rs;elcfv.drrcge jaod uat i on

di rections thﬁ actuatogg. $ oul.d g ﬁndgrs Q g als t t he
orlentatloﬁQﬁeﬁ RCHT W HR BhE 3 a?g?F HrogSq¥gs dn§1eS\MtQF%é%pect to
the hoiktwartwal | s i s not absolutely essential. Indeed, the rel ationships
of the actualorsyig 198 £8'aflcfidP 8b8cDBhat! VibhAbr Ihd i ehfigey

however, to have ofthogonal I actuators to achi éve universal Force 30
vector capdisidtign apaide hﬁvbrawﬁi§haﬁéévﬁétﬂéeﬁhﬁiﬁé§mﬂ1a6§b05|te force to

enabl e tor %&%ﬂ@i«’l :?é@péiﬁlﬂh gdlflmﬁﬁlo@nﬁhéoﬂi&de?tﬁ_aﬂgeshl&ﬁu?ﬁ;t Li.&isDL s in each
corner to act, al ong,the djagonal s, inste r icu t her et o.

At hough s dHE SR AP AR GERERLCRE REEPOREdChAFS ey MBFs red B iR T Sl d

el i mnat%® tdwet capableéity to counter vertical rotatlons |t woul d still fall
within the scop t a re . 3 004, toyM be
observed still ?%? he?gfgéné %Hﬁbgg%Fgﬁgngi vﬁé%lﬁﬁﬂgt%htéﬁ éécéF%ratlon

. Sensors mﬁﬂeQ¢uml@@ld@haallraﬁsFaGFOEQIWa§beF€PaﬁLﬁ@¥nﬂmﬁﬁfﬁqk9x axi's
can be sensfskbyr@esel ghanmet er 16a mhlle those along the y-axis 5 can be
sensed by accel erometers 16b, 16 m_sconpari son of the outputs of the
two y-sensitive %b%el%?%n%?@r§5§nFPCFHGFCQtQeﬁaF&FQUQQmﬁﬁﬁiR %he z-axis. A
cl ockwi =@ thazpun&@:ﬁpfggkmgswbspéat hLoAnwi bl chapardineatetk dependi ng upon

whi ch y- acchg n$%§£5%$g§ﬁ8f 5?29 progg §n§n§dgg&%3r q!tu grggpsed

In

signal . The” nc& '8 rcative o ude of

t he angle<ﬁrt£nam|shoWnomnaanieﬁéhcetpoth3|dﬁ" AhﬂnﬁIqm1dﬁtnﬁmlomfeX|sts
for sensors J6d; éﬁf kNsh Af rid> A5BhoyGR G @ &
illustrated, suc f a |gaPFn Ee s%%uate 05|té$§!on two of ?he four

h0|stmay\Mﬂh%¥e@%chl%ﬁﬁtrﬁﬁﬁdadEEFHéiéﬁﬁFeO s& e AN RS ¢ masses
for UsezstHn&)@i‘ﬁéﬂm.BMstBE @Bkugier sndpas Béang%@mp%%@hcawhg he

actuators be, 0 the.e tro y t hat cas actuators
San. 24 carLEh GYP ERbACRBaFPRESOBELOH BRE 4EUSBIACIET AIHE KRS0 1 he
platform 10cHot a@rbilsting aﬁgdeftnlthunsfusedonhathbeiahﬂm&aract|on across

air gaps with th@béalgg osed %ggéggg@ggagagglOFOyeaﬂlggﬂgQg;Ehype active

25 actuators, di sc can be enp venti ona
passi ve- typ@lﬂ$@@¢,g@¢§@§d¢ag be tibedprasesidisveadiione actuators 24c, 24d

at oppophte sidepjat shejLop Qighkheieghtienhendiaddide el qlRpllity
W t hout addlqglthe need for additional active control systens as
er cluster of Fig. 56 showing details of the

secondary suspension's side-~-to-side roller adjustment
mechanism; '
Fig. 58 is an exploded, schematic view of the front-
35 to-back roller adjustment crank to which the spring of
Fig. 59 1is connected;

Fig. 59 is a plan view of the flat spiral spring




.30 required by Ando, for exanple, but for his nore limted purposes. In a
suspended (pendulum cab exanple, electromagnetic, contactl ess-type
actuators 24a, 24b can be attached to the underside of the cab with
suitable 35 ferromagnetic reaction plates erected on the floor of the car
frame for providing a path for magneticydlux provided by the actuators. In
such a case, there would be no need - 24 23 June 2004 for a%lﬁm %4
passi ve guiuias atnttheetﬂpo@t—tdaebaab ghida suppaahpdngabndl aGHk=X

using a horl zont al | n ormtor p for exanple as shown in
u. S Patent 6%50%% %O&ﬂ ‘?’ﬁs’t—?ﬁ%fsaf‘? Bﬁ? gfe'ﬁ%uﬁféd on a hydraulic
pi ston or wit hi T g suspeinleal £aontrebevihsoshadwiiby bdi mber £rentaland
el ectromagngdic o &iﬁﬁaféif?étté(f’etﬁ‘&tﬁ%gﬁérma 24b can be attached to the

underside of the slidin formw th suitabl e ferroma etlc reaction
pl ates & ected Uhker ‘i%el%li"dﬁ’%ﬁt%tﬁlppht‘\“o?h?ﬂnoﬁ AcHYLAG Aheme @ al

pl at f or m naiHY etbretdieot ophéf glid@e PFEiONCcDistéBr o8 SHBPQLLiGE &30, on the

. floor of the car for rovi di a,path_f magnetic fl ux provided by
the actuat a8~ 13 A irSccth v et BEaRi BE P enEheoregt Ao Terte BF
preferred embolateitelof mm]sbﬁfoi:oaemctumtdmy be utilized for increasing

ride confort in el C e preferred enbodi nent of the
present invention ‘Teygéeﬁ%%%gérl ??%%Pfor a cab and then for a car. It

will bedbne appafFJéJ‘ttGZt hehowdea sﬁh@xaﬁpnﬁgthwhschs@d}’f be bseld Ao the car and

cab, differddkidrHieten | 180h Yot Orihe gxtent necessary to account for the
fact that the actuators for a car,act against a rail on a hoistway wall, as

shown in Fig. 15 1%hi%% ﬁlﬁ%w%tc?u%&%?sv%%‘f’ afcaB glechromagnete S&FSshown in
Figs. 14B, 14c Hah;i mmsrz&m@ tdgAviewaofoph¥i evrandrFrdg.148 haith Si de
view of a pce 34% i ncl udes an active suspensi on system

conpri sing an act Uat 5% hown in Fi g. 14B, driven by a control (not
shown) 4% procesBisensedisliar asimphifvedtblodl Abaguovamobfaaplsdefearimgl 0b.

Sensors 50,c3Qupde £y M%i@ynget@scgéewge eiaeswsaiua%ehh%np' atform

notion. The platform 10b 1s suspended by rods 56, 58 froma frame 60 which
i s suspend@PRAE ¢ HidesOf Fn n%%?\’t@t?ﬁecﬁﬁrf‘AB apdgnodsiAe n an el evat or

hoi st way hasumg:cyualmt Ghni @0 Wb Moé ahdsd 6Bor 76rsRYALEdbEBRT @Mt rHh135
B4, 36 15 (e TIHRE 0 PHRRLEY BERAUT bt cEr L bYPLRRE t ype (i thout the
actuat @0 45) is Fig. 257 is a plot of a biasing technique for
controlling a pair of opposite electromagnets wherein,
for example, the force command for the righthand active
guide of Fig. 66 is biased in a positive direction and
the force command for the lefthand guide is biased in a
25 negative direction to provide a composite responsé that
avoids abrupt switching between the pair;
Fig. 68 is a more detailed illustration of the
discrete signal processor of Fig. 66;
Fig. 69 is a control scheme for a pair of active
30 guides such as are shown in Fig. 66 including control of
both the small actuators and the large actuators and
including a steering arrangement for the large actuators;
Fig. 70 is an illustration of some of the parameters
illustrated in the control scheme of Fig. 69;
35 Fig. 71 is an illustration of the response of a
single position transducer associated with, for example,

each one of the position transducers such as illustrated



.23 June 2004 shown in detail in U S. Patent 4,899,852. In noving up and
down the hoi stway, the wheels are subjected to bunpiness in the rails,
e.g., caused by a rail butt joint m salignment 88 or waviness 90.. Such 5
butt joint irregularities induce relatively high frequency car vibrations,
whi | e wavi ness usual |y produces | ower_f{%eqyency vibrations. In addition to
vibrations inparted to the platform 10b 1t hrough the franme 60 b;ﬁg@hézo 4
irregul arities ;g hepl alform 10b is subjected to what we 10 cal I'Tec
forces 92, ich may conprise a |large nunber of different influences,

i ncl udi ng wi nd fEorEes’2 nbtiYn bElpebpreiant Af n2t AEmEar1§LaRdi f¥on t he
platform amdHmueimisuesPeresSpohsas sdihess " migheeapplagoondilidiee system
i s shown |%%(f)tgfol?,%s 4A and 15 14B (simlar to Fig. 2) and shows an X-Y
plane in t e % 1%or "t 9e'platform 10b with the Z-axis in the vertical
directi &dn. The pireseid. i hyeatpassengeygapbstborin dDr for hor edsvarkerr ai |
irregularit i r e_pl b:.t.h the frame 60. It
does thi & BeT2dEan cractyrRrTateraf. FepBolted B heHAR ¥%ind

di rect i ons . usRst s1gxmkn ab'berbY hee feBs| 80 o cPAFELHEALEIPARESEOBY vi rt ue of

lateral cofyserti %ot Nfovay Jupysstad Luthhar adi sakesed AgleoVyndth Fig.
14C, a floor 200 of a, passenger %Iratform 25 simlar to theﬁ;ggéwb of Figs.

14A and 14BRGH athdtfiom bbo of CarY r5eEeEFf nfPaf PESERBIFFa %™ Fi gs.
14A andd4Blarte istipest npoesicl ansupperpedsebtrdni a &rphanovi,ew whi ch shows

the to substantialiyein registEalhoneal LeshpERhadese LabpLe Uy poses and
not by way 0 45 m?a’fion, T bne: asstnes a Fec angul ar , TOr even
greater simsh @iatfarnqleeretiyostréberrad tabas| aof cago fammefame bott om

202, one C%ﬁ@é&@'é%ﬁnﬁl&é'éf%hée@&é'eﬁ ehanesepar ReBdi qyhan Q. he cab
floor and frame bottomwhich i ntersect one another along a vertical cab 35
cent er| i ne SHFRGNGHRE pJend? ceRRt fyla ke ePYREL & TREAELRTeFNEAVENe (dddar®e. The
reacti arg pl @jeshdEhue? ) Neyb NShspeheegesy aheablegr raadobotrbdd aliaigirt he
bottom's (and floor's .26 _diagonals. éB June 200‘41 'Eﬁ e tit ed, one
way to view tHF pred®rt eblthbodi FRht SBPPPRESRNGBNRI BRVAE 10 PLATHOTSE the
control systemtasl causa ngydhaukieahl propabatedeptietbnne (Ly)r emmiap 5

coi nci dent iibfbAd MBY1 A3bvdE] &1 SIEEELERC HPa! BRpEEREER BF Lhe hoi stvay

wi t hout the spended or supported cab rotating ut the coincident cab
and hoi st wWERSRENER] | PRE. Lramepyele- t hiB BYlt ABSESe ShecgdeNskeFamD

accel erqyrety ca2945r08, i 2080vha Clipt 288t A8WnaLA HACH]1bLOasRRSBAGERIALF at i ons
mani f esting, small_transl at|onal deVlgtéogs of the cag' s centerline fromthe
&8n t A5 rH

hoi st way' s PR HRdTEY- b} (B Yn§=aBeeFEF nd€ ting
smal | r ot atradiriss of ndthessadkn pbatitathed hbosthayhdébsteayewhilde.and by the

sel ective use ofA &g#&iﬁésﬁéﬁﬁ?%%’g?ﬁg&é iﬁ,}gp%g%i ggef qrces ner pendi cul gr

to the reaction plranes e centerlines” desired coincidence
with no verdistirbancesohd of sedle abanbaur €AETRbDEstafhe bedsdmame. These

actuat of s G BIPWW £RQe car or car frame, a bumpy ride disturbance

transmitted to the car or cab as a result of an cut-of-
straightness condition in a section of rail, etc.) may be
sensed by a sensor 16 disposed in or on the car or cab
platform 10. The sensor 16 typically senses an effect of

30 the disturbance 14 for providing a signal having a
magnitude indicative of the magnitude of the effect on a
line 18. Means 20 is responsive to the signal provided
on line 18 for determining the magnitude of the response
required to counteract the sensed effect of the

35 disturbance and for providing a signal on a line 22 for
commanding an actuator 24 to actuate the platform 10 as

indicated by an actuation signal on a line 26. The



20 the actuator 45 shown in Fig. 14B. A three dinensional coordinate system
illustration 218 in Fig. 14C has its xy plane in the paper and shoul d be

t hought of as having its origin in the center of the squares 200, 202 and
having its z-axis pointing up perpendicular to the paper 25 toward the

. reader, simlar to the coordinate systegbof Fig. 14B. It will be observed
fronlthe | ocations of the accel eroneterS that transl ational acggh&&g&b@ﬂs

along the y, @éﬁéts@n g §g§sdd9\égggga' e fog%c ggguvﬁyeigoé&h

x-axi s can be sensed ér accelerdmefer %m sconpari son
of the outpthe @Art e @%\E fxansi ande thecBpdsswayecs Wil mahdieat e a

rotation ab&i’épé@e@dzbéﬁi,\réenAtﬁleerW %%aﬁné QAN ERC Ak dOt@d on Wil | be
i ndi cat ed dependlggﬁugon whi,ch x- accel %Fr 204 ar 208 rOV|des t he
S

| ar ger BPerghag. f§§°PS SRS ddb t he
m scorrpa5| sﬁmeleonﬁﬂoma*swﬁamf ohhemi&gnet.ude and direction of the angl e of

otation. 10 the, gl ept aledeubed Ik IRV ey derior 16 By 23 June

2004 a cl osed Ioop con novenents are 1 npercepti o the
passenger. &tspomedntoi ber easppos ipeates ones orzmrezzs@lmrbf t he same

si ze can beogrerted:syTHRLEREALEY GF0URNTE LT SHR! Hndlrddif oA S Tl 0or

near each corner along the diagonals so as to lie in the reaction planes.
Four el ect r%%%‘h%PtEOPEStEQGCaEZQr £ab, W?:}?hv\nctah’%?oﬁlfs GRAPelake ached to
the botiem §ﬂ6xﬁa§€a9in§ §uwa&d&9 @bn&&&l&@rb@daﬁi aifaef im0y thatt begh faces

one of the yeactjon 10 Attracti Qr.C enerated by the control
syst em by nedhs %lf‘r?ﬂgh Ef‘ 8F8(F€FOH§ g’te Sr-&- 8’& S fc%)&%?%%r?n such a
way as to sn@arheerespbnsngectosenytbaecomeammInnmhaanﬂmﬁelesﬁwiiated

reaction bl ghFaneT0EcPasLh! 90! RALAIE GO GeCahles il ot cspEG)t 15 the

reaction pl es can of course var e 1n Fig, 14C

el ect r onagnEesEeFE- §@|F§eshpe§$§GYal§ﬁ& ﬁm@nﬁ%ﬁ?%ﬂﬁﬁiﬂﬂﬂc%&eﬁﬁﬁk%m$e

~cornersysi . 8&xpetNenBaHr b32€he23arObrt RANAl 228 Acktdiney A anged to exert
attractive forges og %B glte des f the re ctloggﬁlane 20 so that a pair
s68P8

of el ectron@BReEErq eBehi CoPIERE ™nes act in concert
to counteraatcélerkmnsa ﬁetabn&&ﬂl fsmcass@MédrslnaynﬂnﬂvxﬂaromQU@reracts

t | | ' ' |
oo §nter choFEngebef 318haldl T8 oo HEENETRNGY GuRfhid B AHLLND B DO
situated i nm@enween ohderwibol cszmlteﬁ@i B cdosest ihpen vt imhrppeeseto t hey

may Co-agt LQeohhest ELaRphak eRak bl CecditMieito iths b sepe under st ood
that the 30 el ectronagnets in Fig. 14¢ coul'd all be situated on opposite

sides of th&"Y@BEEPBm plates than the sides shown with the only change
bei ng that all castsabgaetie@anabend,dope wayeredidw ,a tﬂ’lﬁeﬂ@fﬁe&m | pairs

forces can BEPGRSBENGr B8 Wreh CRIGT aSr N8 SR R B SCORCTRG They
are arrangedYShpmhasespesnngothheede&g@malsardmIMﬂItmnﬁisﬂethlem@h
‘reaCt'OQBpl?Bf 8Pevator frame- suspended or frame- supported cab's
vertical centerline) to remain coincident with an
imaginary, stationary reference line up the center of the
hoistway, without the suspended car or cab's centerline
departing from coincidence with the hoistway reference
30 centerline or without the car or cab, having its
centerline coincident with the stationary centerline,
from rotating about the stationary centerline.
Fig. 2 illustrates car or cab mounted accelerometers
l6a, 16b, 16c which together serve as an example of a
35 sensor arrangement that may be used to sense horizontal

accelerations manifesting small horizontal translations

causing deviations of the car or cab's centerline from




.- 28 23 June 2004 that the diagonally associated pairs are no | onger co
acting. In that case, the equations to be disclosed bel ow woul d of course
have to be rewitten but the sane principles as disclosed herein would
apply. 5 It should al so be understood that, alternatively, the reaction

pl ates coul d be nounted on the undersidg ot the cab with the el ectronmagnet
core-coils mounted on the floor of the frame. It should al so beupdekghpod

t hat gn zi(tleé sbagewal '40cenneepting ahd), r@ﬁ(thdmlt Wieﬁd%aﬂ']ﬂﬁy been
I ntroduce

t t d f d bi
nt1 oduced 5.8 LEEC 09 chogli sk TBY Rl BoRE IR Al lrdepgtioino @
conceptuaJImampﬁéstabgesmalaltoappﬁbn§tbdn§hﬁ=QﬂnaqnnnahlathQStEhen if
concept ual |y, f@@&:agaegﬁtbglmgl e ogn' dapaltli drd 10UB ATROGLITRAY o L hough 1t

certainly need not as evi dence nbodi nent of  Fig. 14D to be
descri be?d bDRERSPTH 1§ﬁ®uﬂ§ebeléﬁd@ﬁ¥tr05’élltt Wﬁedt Metor it ATHEDINEME " X"

need not betxfxéoabgoe,methgoca'er aier cab. deS‘éﬂ.leQﬁ:(iv@L@dﬂ doWrk | d€ herany |
conveni ent orientation I M | ar , the a tors an r ctio S nhee
B g vt RECRb R FePnet ¥ ame

not be | oca¥EUBEt REeAERRTBEEY off G 7t RS OInFTNRF 1%
Nor need theydapérmétessael byebtian bife fsmmSI eacelmazaittatmug:thguch an

al r angerent o coul dcaus g ynaReded 29, comlex)d vaast Ga5 4y, the

i nvention is no res Fic e use Sur-cactua ors, hree four,
five oriPoreenterdibesusad. E@udeﬁaiemewlé;@l é@té@t@stl@l't(ﬂr%hﬁ‘— ent nunber

that fits vebl¢yehh bk}ee%)émbbﬁtofone P infele %lx@@tﬁ tﬁﬁi @6@1£@h§awy An

"X" orient atl on 30 was first disclosed in conmonly o t ent
4,899, 852 tB @HPrmnAePr&ffeirﬁeE‘oﬁH@@ﬁl&?% of é:h&:\si’sxieil?@rétt alt}?‘r‘?‘}‘é’f‘?’an
system Forutheleae em&@m&pb @ laetdnasxdmazha n nmy e elet aj ledeth ow, Fi gs.

4-7 and Fi gs, how variqus _35 e of vel ded
rail confi gﬁFgPPoﬁomPﬁlgégﬁ 8a§’81§cc%b% % arrhglgse'nta]it%l/%{lrif‘?&on use
wi t h actfvegronpeobfispsteatorshiack shewa :maa:démwafqrsa top zond ZBhg_une 2004
are all di spbppuhsBed the0BakNBrPLbd), Al SHAMlP vl iRibrAldoa e 1N Fi g

8, used in af [east one prior art active system (See U S. Patent 4,754,849
to Ando). |fuEhgaresshoyngtpi dadigate agiuiators astenD IR 3Ys used in

each case tgokitebhaee Wni Ank\WgrepiRig GOld.6SRAHngaaipai@ssat!n Fig. 8,
in contrast, si ngl € Rkl ade iS use lg)/ all three tuators 42, 44, 46.
thi E i

1t choul d bEthRTePLEGS P RaR TRo R AR5 7 1RESRSA bel ow,
t he asspoi ailpdeattioat. orasmnheoﬂéddl stpqutezfdrfmder&rﬂhpdhmmt nohheg exact

manner i1l USLER! gle bl o0t erd ERRLAROV! A Shang ralde ABybas three bl ades

50, 52, 54 for serving as errorra neti1c paths or nasses for three separate
el ect r omagnactvaierganaes sbown Sedachsgl fagyedhe @hatimrmnl Bphpiedof how

an associ at gfedek-bahomnetad Act@aticxRoAd 14 iRy %tddhﬁa{tﬂflééé ughiated, the

actuat or 58 coul d be "pasi ti oned between the bl atde 52 a he {10| stway wal |
i nst ead, t 098RVeloFTde Endn¥RY EXE ot &
) 25 attached to the platform.

An arbitrary three dimensional coordinate system
illustration 44 in Fig. 2 has its x-z plane in the paper
and should be thought of as having its origin in the
center of gravity of the car or cab 10 and having its

30 minus y—-axis peointing up perpendicular to the paper
toward the reader. The coordinate system 44 of Fig. 2 is
illustrated in more detail in Fig. 3. There, it will be
observed that in addition to rotations about the vertical
z—axis, there may be rotations about the x and y-axes

35 which may also be controlled, according to the present
invention, if desired. According to the present

invention, translations in the horizontal plane may be




.20 In Fig. 5 a two-bladed rail 62, is shown having a V-shape conprising a
bl ade 64 and a bl ade 66. A triangl e-shaped configuration was previously

di scl osed for a passive systemby Charles R Qis in US. Patent 134, 698.
However, according to the present invention, 25 plural blades may be used
in an active system e.g., the blade 64,5erves as a ferromagnetic mass for
el ectromagnetic actuator 68 while bl ade 66 serves a simlar fungti,Q0-H@4

actuat or 7QGortrsioat d.lélﬁn@lnﬂl@éShppdrhhﬁh thewnai | sG2hmaayhanesd 0@utngs 72,

74 for 30 eas ttachin h o] Q1S wal | the rail
62 may be frt?r%f{aon%] ]%efulll’?e{‘ fﬁﬁgﬁ?ﬁ%rgi% gge%&é&%f’h oTth% qqefootl ngs
(not shown)preSient ainyent kérrmangbbavkedotpi gonnroﬂ-hé‘oﬂiﬁrte@ltﬂ ddedche

embodi ment . f@{@ﬁfﬁg 18nd Oha PhagenBoysshaned &ai kwd rdiotgvérpocza ngs. 35
As anot her eXanple o

ow an associ ated actuator could be di sg osed

di f fererft | phural 1Y L@F raxed, 1pAkuddpgatBr 2981E40P8 LB WIS Gre P bishosi t e
act uat or 683mprht\h@r@1a§1 ax1530 23 June 2004 side of blade 64 and bl ade

66 coul d be used_as projectiaqgn saf et hr ake, (not
shown). In Fig. & ﬂ{l} nggﬁﬁ PgJESF[VFg 5&8& e P& cﬁﬁs'i s'ised by a
~ pair of oppasks cﬁmtamgeebmetarsuat:annos B2, p84imliicneda asledlirml bl ade 86
:‘:rlrjzfrggﬁ)e/t‘?eﬁ%ss gf&ijg‘ft'ﬁE%Sgs Qohtj]. b %ﬁfgrgfa;/s Q%Lls to attach t he
ot her tMd bi’ﬁd@spaﬁsan@erscmpammﬁngz 1s1@1tugtr'¢t|e|d4 hepreptweithpufar i ati on

of the two- Phﬁgégtigﬁhégegnrébbe %aBﬁerBmpéomB§b| 9fneogulisased pair of
bl ades 96, 98 for interfacing r%Eectl ve act uators 100, 1o02. The rail

al so i ncl uc%%sht’p?%}’é%tPﬁgtB?aélélTéﬁ PEhSRRFOBE dSe®LaSH T thveni ent
handl e, upo&n:}ymtﬁélrjro 15t esgageaansaf bey ihfakeefndiroshdy .symmgetdy shows an

inverted V-sha a 08 f | Mth an
el ect romagn%f éc)u%% li)o_sLi lon?i é gg geg %ggf%'r %g ggllel qf?ﬁqﬁ%s 116, 118
provi del st r@mndaha‘seremgthm 20rFtg. eaChshthera &hatapde rsgled® having a

bl ade 122 é‘?%ﬂgﬁl 245 fg&qaaegadltegpeaE%&egma@etdlcamm for coils 126,
128, respectl uses a bl 132 as its ferromagnetic nass.

Bl ade 132 nigven&éone u§§d°FBe§t WRERSp aifPT1 252 18 /n SENSRAS Y 1ld e 25
Fig. 11l wﬁigrh @Sf@rrg&ahslaé ARl eeta®i oashall shnea e Ipaxmjmgan f@ci ng

pedestal 140 e rail 6. ises a c rve ¢tion 142 wh in effect,
conpri ses t9% G‘B%Iaaééen éggg%‘ﬁ REF3s Pde 2614 %B“P redtidy b %144 f or
safety :bmakﬁnnelr@egeeesmethi m‘espt’acttheocd:hvaeho:i@tsw worl iss. usked dmy

|nteract|ng h c 4 er si.s d nt th a
coi 1 145, | Eraett frcRtint Bl drBrEaSsphiatl tn iBE ceed £ 1% At ey

wal | 152 bya n@eﬂgdénaﬁef SR il@zqughéxa@t i idanl Yo kisngdiyito

conpri ses atﬁérfairéé éétha%%nwah%c%idn@ eftf esle e@ﬂafat&&%tw@alf circles
on either proj.ection 158. #g% 162 dot he £ sl}l)ectl ve

a
hal ves of tﬁ’éo'd?-ﬁicP@ yBgezstref, Sﬂﬁé’n&‘l 3’

25 actuators at forty-five degree angles with respect to the
hoistway walls is not absolutely essential. Indeed, the
relationships of the actuators to the car or cab are not
critical. It is preferred, however, to have
orthogonality of actuators to achieve universal force

30 vector capability and to have a distance between lines of
opposite force to enable torque development. Thus, one
could arrange the actuators in each corner to act along
the diagonals instead of perpendicularly thereto.
Although such an arrangement is not presently preferred

35 as it would eliminate the capability to counter vertical

rotations, it would still fall within the scope of the

claims hereof.




.- 31.23 June 2004 rail 150 is, in effect, a two-bladed rail. Fig. 13 is an
~illustration of a rail 164 nounted on a hoistway wall 166 by neans of
footings 168, 170 a A curved section 172 is, in effect, split into two
sections 5 on either side of a projection 174. Each section is utilized by
an actuator, i.e., actuator 176, 178 respecti vel y. The rail 164 is simlar
in concept to rail 136 Fig. 11 except it has an "onega" shape rgtﬁﬁgzb@@n a
"D' shape. 10 Thetr@aill98ei 8bEegved bsilhe fprehenrr adcanimdi e

enabling the ut)iliz n ctLr e belowm
connect ton U 115t SEHpRDERreA " riofh R Ts REREREE, r an(ﬁgb%"t Ky ee axes
of rotatiorthdortnasatptadedl(pendikunfions rieng ithe Xt reaw 6 need
for stabiligzgytd 9@“9% aéee&eeoﬁatgbelgabwmtl@ LERRRC laldhd Rnd AR £ om

which it is suspend because of _the lack of any apprecicabl e rotations
about ang H%ﬁ‘IFzléfr’-\t%Fnﬁﬁﬂsbyl-léﬁﬁﬁéﬁr"?“SFeéfssl}ﬁﬁ’ortlééF'calé\ for exanple,

supported in@cdi aﬁbgenrramneheoauapnesnbfmmt Q:dmory-&e?i’&ﬂtfm| at abl e
platformvvlthlnt bout hor i, zont al

t
appr eci abl & ?%%ﬁ%’ﬂe e’c’ﬁsgl%aﬁlﬁ 188 &e&i F& attd'c’é‘rrﬁlbé’ff)%e tzf oanJs§/St em
simlar or Adehtckwiseoorhebunkiechlbakwisey rotsitidreerildedsyi bed above in

connect | on A4lEbda d8Feh8lnbheoEA0kNoE e seaha2s A c LIl comp et el ¥

i ndependent e Co Pem operat I zi'hg oor
For thel®r (ﬂﬁ@‘fﬁ@?sstbm ﬂazgﬁg tﬂﬁgﬂltbl@ef eesseg| &ﬁ@é‘laﬂ{ mgHt be t hought

necessary tadgeitabbyofeangr altfhertehbte Qfs tllﬂ.al%%ltltv@ & agld y counteract
rotations about an‘% hori zontal axis axes._ Al though such is certainly

Wwithin the BIpEtyde; RE BP@SéﬁE’anﬁ’gnFP?iﬁtlé’E‘c(frr(ﬂ“h@ LHENRchi ngs of

~ the presentposyenbhon, Af eimtabs adtuveklioas exdsts Mprusiergdmo iddependent
control sysibegs {Lg s&gbull ze. Iagrl zontal translations in the roof and floor;
surprisingly, 5 Fotati ons about any horizontal axes are automatically
t aken chpe of. Mlhbggghagplldeab'laélﬁoab“@t motats Justdatad. avddr Iwewldport ed

cabs) and C@yﬁlcéffydﬁﬁcﬁhﬂhhegd oppggltgayJ%ﬁﬁt%Qpiib%H@NﬁMdﬂ descri be

the case for a car. he art "will have no difficulty in using
the fol | owi PHLEEHRK W@%lﬁo rrﬁ!éé‘haﬁéyusé:og Gal5a% BFFELC20MSAVE A%t i on

stabilizati ﬂ@rr5m5ggetléDmassast @arvuew offotrh@xm@ﬂtd umycathef Fig. 14B

| ooki ng down %r 0ﬁ1the ?ott Eace ?‘P t‘_ﬁr Ob of an_act uat or

ar r angenent arhug grgpﬁ f:he 5‘& d’lﬁw}% rside of

t he susmndtahiecabectnotnlagsettasetywe ha\m shewn calsege thet wadtorastQAD, 242,

244 10 in | o] h i pal 0 J ctuators
284, O%abNBaRl BE 8c26LHBLOhedR SRR, St Jr Snd' e Thad

shown in Fig are of ectromagnetic type to ed in detail
bel ow. The ®®aEnthe| ?éﬁPont KBeppaptdermi 38 ifort Eroshindngs magnafolth in Fig.

14A, and thﬂlﬁﬁn’foﬁoebﬂtaéﬁﬂegﬁshﬂﬁb&ﬁ@lth@fh aliess Tah.Q‘ YAPALOItHL O 2d 2

pr oduces forcei al ong i X-axi s Y_\l/n he .act uat%wz: 0, 244Saproduce
forces al onPhk®s pSFfal PEPCEGOPRENSRICRL Edc -of TWEFass MRS V€242,
244 has2B septmatersontoobel dipcibsel beliowdepamdde enfplidyedt hers at | east
| n the sense.of et ofeRendlng 91 SERSOLACN AN AUNHar? Qg I W11, of

course, be un ers var us axes control are neé%anlcally
coupl ed. instead of active actuators 24c, 244 at opposite sides at

the top of the car to lend additional stability without
adding the need for additional active control systems as

30 required by Ando, for example, but for his more limited
purposes.

In a suspended (pendulum) cab example,
electromagnetic, contactless-type actuators 24a, 24b can
be attached to the underside of the cab with suitable

35 ferromagnetic reaction plates erected on the floor of the

car frame for providing a path for magnetic flux provided

by the actuators. In such a case, there would be no need




~intersect one anot er a

.Several active suspension inventions are disclosed herein which describe
enbodi nents of the present invention which include separate, single-axis
controls 25 such as disclosed herein in connection with Fig. .14D, and
several of which enbodi ments descri be conbined, nultiaxis control channels,
such as shown in Figs. 14C and 15. It_shguld be understood that the
separate, single-axis controls disclosed herein are advantageoqglgﬂé2004
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of electronics required in e separafe channel I"e the conbl ned,
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coi nci dent car "an ol'stway centerlines t does this use

car - nount eda a@@@l@@bn@genm%‘z\ ragl, ops5e pan&rt@'gwuyatldrsa%cﬁr@%bm 16a,

16c, respecpiyel ys, ofnfkhg. tﬁ)e WokGRtbeaetrBer aatap3acS¥h 0 HAHRE as

accel erati ons manitesting snall transl ational deviations of the car's
centerline $ROWRt R ﬁbg§tmé§33 &éﬁtePPﬁne ¥nd by further sensing
25 Fig. 14A is a top view and Fig. 14B is a side view
of a pendulum car 46. It includes an active suspension

system comprising an actuator 45 shown in Fig. 14B,
driven by a control (not shown) to process sensed data
relative to the motion of a platform 10b. Sensors 50,

30 52, 54, which may be accelercometers, measure the platform
motion. The platform 10b is suspended by rods 56, 58
from a frame 60 which is suspended by a cable 62 for
moving the car 46 up and down in an elevator hoistway
having walls 64, 66 with rails 68, 70 mounted thereon. A

35 plurality of wheels 72, 74, 76, 78 are mounted by means
of springs 80, 82, 84, 86 to the frame 60. A passive

pendulum car of this type (without the actuator 45) is




.- 34 23 June 2004 accelerations manifesting small rotations of the car

about the hoistway centerline and by the selective use of actuators 258,

260, 262, 264 exerting forces perpendicular to the reaction planes to

maintain the 5 centerlines' desired coincidence with no rotation. A three

di mensi onal coordinate systemillustrat,gn_266 in Fig. 15 has its x-y plane

in the paper and should be thought of as having its origin in nghﬁggéﬁi of
e

the square Ap4:RNfn ha¥tlg1i is 8- 8% papehkt knNgoup sk perpendi cular to t
paper toward the reader. It

w | | eob;g ved .fromthe_ | ocati ons of the
accel eroneters tHAt™PYZRg| 4Pi 8RS 99¥Be P&ﬁ§W§|Yon§ ?'9"" &b& A%&n be
sensed by angeietosetes Bhdpiheke thothealaddst he .xr.gXicausad ey sensed by

el ther accelorpripter 252,07, 2881 AudB,01 3E0URALLSARAL Le oW s of the

two X-sensitive accCeél er onet catearotalon ez axis. A
cl ockwi s drutbuieint| drkegudardtiesohndce b‘@luamvsénfedlm}oendu ng upon

whi ch - accﬂ%lﬁé@égrcgﬁzv% 3§§oHE0Vhﬁ§§et DAV A VRN SSRGS

~ signal. | mamtuean ign of the msconparlsonls I ndi cative
of the naghVPﬂﬁ% ﬁﬁﬁqBPPEEtVéHrBFlPﬁé anéPeagﬁlﬁﬁﬂﬁlﬁﬂt h?%ﬂﬁﬁﬁ&ﬁralls

267, 268, Sitﬁlﬂ:éﬁtetﬂotbhﬁhéaphaﬁﬁﬁkwdel ghifoggh &h@wcfr‘é,me)rscsiﬁxillaailsuch

as that of osi hoi st 267 268a 25
o ovide fortiraanitTEtiBhe: FoR blaPibtBeabgs P B e fhiad WV
el ect rOMQrmalbodeseQBOfoieas 284) wB86hwmaly aos@aiistecch d@xtgsa maymkigeer

at tached o1, ptdes, cnear kg ROt {OFk10h AcoUSRANISL . SupnaTLece

platform so each faces one o e reactron plates. At'tractive
30 gener at &ﬁ@?l? heitbabr hesgareftBpdingnonotthehledifioral e@nbnagnet

core-coil s pikerxeEt 88nhR sYghiarwayiasck0 $epakat.e or bring closer the

core-coils fromtheir associated reactio | at,.es 05|t|on|n f the
corecoils with r%sﬁ‘éBFgFBaFﬁesVéEEfﬂl oft BF‘S 16‘at'?°;h gp \f’g?‘i

with thes cadexegphelaexeepFign thi andaskowastnespacipdlane acrcdrtda ng to the
sel ected raj ape. r'n Fi 1 t he ns 2 f . 1. 3s -
35 23 Jungﬁzﬁﬁg B?IE tg' E?egf?)%waa Pglhggp g}jgenrail apr%césns%rhoeen"ltjéo lrr%an whi ch
may conpri séie@cthpot/ ofhpupresear davensipg0 miftiidebesy batdl Waregt

Anal 0g-t o- Dy gi-£ &k éﬁéD}aEQn!{%%%l@QEyS Rewek s’ aSRRRE P 3k anal og
signal provided by sensor 5 whi be acceleroneters 204, 206, 208

as shown i PErgformclgp EE?EQP@hoﬁB?eIfEaE‘SZ‘SOZMI tgoeshdiis i g. 15, or
any sensed @@ﬁﬁﬂ@i‘&éthﬂdl Qatey-aloffot:heseflhebb(tsu tofe Xheindi st ur bances) 14C

The 1/ 0O device 2 taI -t 0- Anal. converter
lne 110 SheiegEioRY | HokRehoRaTRbERE £n8 Lkl S MR conver e
act uat or 24aiée chy nuyrinst edid levrprilsecnizodcldangr $h21 X a2tP Y Zbdes 216 of
Fig. 14C tgt_g f.&{.gﬁt_,gf&@%o g_gobeggg, 264 of Fig. 15, or any ot her

sui tabl e actuators the control 20 of Fig. 16 is a 15 control,
data and addr essIBUEJ-QBZ1ﬁﬁ’trer3c6hﬁ8€t?ﬁ@ gfcanPrgseposte Siatf IRt (CPY)

284, a FandogmfesessoMener xabRANL 386ragd.a1Raadn@ iy BVend a ¥ IMom88. The
i gnal o havi®g Hhohi FEARS PABLAAF, o Ehe; peame 0 of Pigs: T4 anf"
14B are superimposed and are presented in a plan view
which shows the two substantially in registration at
rest. For descriptive purposes and not by way of
30 1limitation, if one assumes a rectangular or, for even
greater simplicity, a square layout for the cab floor 200
and frame bottom 202, one can visualize a pair of
reaction planes perpendicular to the cab floor and frame
bottom which intersect one another along a vertical cab
35 centerline which perpendicularly intersects the center of

the square. The reaction planes may or may not intersect

the floor and bottom along the bottom's (and floor's)




.20 val ue of the sensed paranmeter as manifested on the line 18 in the RAM
as well as signals having magnitudes representing the results of

i nternedi ate cal cul ati ons and out put signals having rmagni tudes indicative
of the value of the paraneter to be controlled as manifested in the 25
output signal on line 22. Returning to igeuarrangenent of the cab and car
platforms of Figs. 14C and 15 and at the sanme tinme referring toshige2dds 2
sinplifieddgégyﬁy'§}ep program wi || be explained for execution by t%e CPU
of Fig. 16 1n 30 é%fecting t he cl osed | oop_control function previously
expl ai ned i n corfiedteRL MR, t PRS nBANStR0VoeVFERe RTrafRgrrRe enbodi nment

t hereof shaMbddindr d6.tWét eAveRt ebhNisatoatBiAR d@0than conpolst ep 302
is executed_in which the nqgn'tudei% o% t he Lgnals o?.lin 18 is(.are)
acqui r ed 3?%%}?WM?§/??T§&T 2805 BoFYEhBT phiPPoseSBFE §0¢ TACTSIR U,

t hese sHal lcdismcislent editiv @s HBhgpaharpXEeféxenaadl Avepnpyitthed center
respectivel rggg& 4 0 - 36 4 of Fig.
14C {or acéé?ggﬁﬁgﬁgﬁiﬁﬁ , gg%??%Sﬁh%f§E§€g§%%d(a?§ﬁuégfgggﬁé%g%

t r ansf or matidr tofng e thates) Fo tndident edabnandiehRARLT8E of Fig. 16. One
or the ot heiepfetendo Xx-axis accel eroneters 204, 208 (or 252, 256) can be
used 5 in a step 304 to_conpute the magni tude of a positive or negative AX
signal, or both Haf®e Reth1E BY chRekUs§aPhsEaBiBOURERAer, used to provide
an aver@age,adde Lsfshaette SONROSCHO6| N2 bAr whedhndageyheechrequeed &o cour se,
it shoul d b§eﬁseea'55§é11répé‘£ic§1@§.l%éﬁ?%eé\@?n?38%&?%9%&?%’8'1% )l nto 10 a
single sensing step 1T a rotation Sensor Fs™ provi ded alfong wth two

transl ati ortgviat ons 9 f seimsorad ' sFeentartonpafreontbe hhestwavdisgnal s

provi ded by-Aacsl £1 0081 4 Spf Ofur€R8r (8Ens?Rg: adebleRaE@BRY ati ON Of Ao may
be made in step 304, The nﬁgnltude of the signal A wll depend 15 on the

degree to WK eFelrRgFr et oF2thens| ghaFies Fath abeuletbret@istomy 208
(or, 25% 2&tahyims.arddepgi€ieoiel BetivauiBat bonadehatairaes iiohe

rotational djirectjon.. The values of Ax, AY and Aa are or tenmporarily in
ra 200, 20 8 e skt cexet Pgorarshs! KR nAta it koatren 1o mmde of
the.forcesquﬁnhibmcphmmm$etacmaihEaéﬁfEh&s¢enterhéndé$pdebdneﬂs) as

mani f est eded%rgé;f%&cg%ftﬁeﬂéegef@iéﬁt %?A'tc}géﬁcsk%ﬁ%'eg% R red).

Such may b based on the known nmass o e suspen or supported cab
25 or car dite thelstramla Frenkevhéne. " FThegpr esbnatorfecpsgeispemd to

count erf®r Gehe "ddtidEcFBSS SholrRCinuppPeNdeds0r sUpRPELedimalsqlordr and "a”
t he val ue of th_sensed accel eration. FY.,and_Fo are conputed from

hus, _FX, i
the si gnal CORETIBALRHEIEE PRt LIRPEFSELPRI2 IR KAMAE6 LACSPEF 365300, These
conput ed vatl yslsaras eiproivé deslpéen ahé &nouldf béotheughtmatdasi gaslineon |i ne

22 as indic J siep 8 houl e t t orientation
of the actd%%%ﬁ%ég%ﬁ%h%ﬁmtﬁg ??éé?§1§%‘g%§ i@ggfégsggﬁ’tgg% %ggbnnand
si gnal cal Haigineries postxivepfintingt Upnpespendhcet fvr te W®hiel papes to be

exertegay eheotd NRINeisael0 a0fi 2d¢ €8 théS8por82ha el ES}%%:ieEh oencert,

each providing half the required counterforce by each -
Fig. 14B. It will be observed from the locaticns of the

accelerometers that translational accelerations along the
y-axis can be sensed by accelerometer 206 while those
along the x-axis can be sensed by either accelerometer

30 204 or 208. A miscomparison of the outputs of the two x-
sensitive accelerometers will indicate a rotation about
the z-axis. A clockwise or counterclockwise rotation
will be indicated depending upon which x~accelerometer
204 or 208 provides the larger magnitude sensed signal.

35 I.e., the magnitude and sign of the miscomparison is

indicative of the magnitude and direction of the angle of

rotation. 1In the contemplated embodiment, however, i.e.,




23 June 2004 providing a force equal to the commanded x-direction force
multiplied by cos(45). Simlar divisions of counterforces are nade for the
y-direction and for rotations as well. A set of formulae that will cover
all 5 the possibilities follows (in the follow ng equations, the subscripts
.1, 2, 3, 4 correspond, respectively, to,el ectromagnetic actuators 210, 212,
214 216 of Fig. 14C (or, actuators 258 260, 262, 264 of Fig. I%}’%ezgaﬁ
_(KCs) (f&i&%%.d F2op KG%):&E&Z) %QeFéen(s'éQS)mo(vFez&te)diﬂs HES) (
_(KCS) (Fy~ KCS) (FY.) F CEY, )~ F4 =(KCS(EY ) Fey: Fz
=(KCS) (Fe, ‘P%ércﬁﬁtl kes F&hf—FgaS R f-r( Fe,)F~ _(KCS)(FB_)15 where F
=f orce, andKCS= Eesféﬁ}agn&tﬁ(ﬂ&kaet&oﬁof:laAfetser2mkim t R necrssas
conmput ati o n o] he r i r Hd nal s the
pr ogram rragéttl%e% 18% é)!l('lg a|Eln%ae gggcl&%%O m%rfel(ryaiﬁtyc%@a ptr%e erable to
add addi $i orahterep theofdemet'é §Q99ﬂ7| neese eacty samemraliosurihe agai nst
lrmerfectlyaisat(sﬁgfg 26C8LeEeRl el n2k eaE%%c%Q@er%lhaqqé?shan@dl& offset in

t he accel eronefers pur poses o odi nent s resent |nvent|on
accel er onet%%%cﬁ’é?@agaef-v\ﬁoﬁﬁﬁo?zénr 8?§ @Y « oR2Le W idh fCtOJdrﬁj %3y Yo&i ckup
of unvva;\t Sdaﬂtéwhé& ﬁarrﬁﬁfaeﬁb&tduleshe(f_a_ere I@FI @gawﬁeeﬁéd/ dlevil aJI SO |
present ut not S _si gnl 1.1 cant e 111 |near|t nonJj eve
Bccol or oot SYPRPFFCSoRIBTACER| SPafals SAGR 86 AN A THHFFATHPR o t he
si ne of 130 phatangl eAttramkdyenitbircesugeneraitesd byomrrreeciamd]or

nont  near | yyLeefiohy UKahLY o RAG! 28:) B1BEAMIRAGE Ypddicndiwentd on but

may be corrette esi re (See Fi sum ng
nonl i near i t§XeEE@Fn4N| EYCHagdi ¥aveRat £oNSKPPTAtEh ot e inhedhqser dghad; ust ed

for 35 changgpelBofiEseromSkeliRORLLBRARILEY FRMAE diPP18Yl at each stage
of sensed accel eration b¥l§onsu ti ngha | ookup éﬁm e which is used to supply

a corrective factBf. PPFitigping 9f, ?Oﬁ’&?r&f'f%’ SWHERC FRSREAT FRer time it
coul d bescothectedctabnspilanghst f:ahvvalfdbpuwstehvargonstéamtsrmmr ecﬁd:ﬂn factor.

But, since Qﬁaﬁﬁ#ﬁcgﬂ FE ngﬁﬁgve%l%cg%oﬁg%ng% Ht etc.

correctlons nam C nanner éhanglng
of fset, as mleonga‘shacsemer dtluagn@aduett epgrsitey caranetso aorer-ecttéte by

provi di ng apgelapbyel ¥3sl gwevcn@cblaeg hegdbaal %%.t WL Yxert
controlling the gosltlon of the Car or cab with respect to the hoi stway

centerl i ne. 2¥hFachiyenéorsegond BYPPELEENSIORG ﬂdﬁattﬁenéf%lﬁb R1ANS al
accel erabi ogonmuBhtbe paﬁe o8 cllbeteamhaghetab aveddd atfeddv &Hlt G fof Nt O

space). The Iow aﬁg n of fsets_the ayerage e acceltero ter output
SFonal . Averig heArksOH.PaaRsRorEEndn SongEEtads SEERERERE °] our pass
filter or acl@cu\vgsearot:alttlenalTlﬁascesfwmmhrthle efthersipagle axi s of

control SUC@oﬁﬁtéPSFEsaébﬁﬁgﬁgggobﬂwgbg r%tﬁkq%n% eQiM-fg Operation of such

a systemfor_contro % or car Wt accel eration and position
sensors i s BheRRrPRagngticgacigatresspstangi alenendmesr teuaaing ses the

car or ggb gR&Ssagel blabswauedebkj a bb@ckz%OOrTmscarzz%r n@aP H@ss is acted
upon by a force on.a, Be 322 Wanh caﬁi g ccel eration as illustrated
C

by a line 3§htu§\t8?isfﬂr PhySFy LBatswa | CASRPCIEVE signal on a
line 326 25reaotedni platésuswerthey2fafasoahetr aet dmea:f representing that

the disturb p i.gal |y opposed by the counteracting force) with
a counterfo{fggné?éﬁg %% gg?ﬁ%g 330 provided in proportion (Ka) to the

accel eration (A HeHeWArenithehphhd Be4understioed Bhadn thecel erometer 332
30 electromagnets in Fig. 14C could all be situated on

opposite sides of the reaction plates than the sides
shown with the only change being that all control actions
would be reversed. Or, the core-coil pairs for co-acting
against a particular direction of rotational disturbing

35 forces can be associated with adjacent corners of the cab
such that they are arranged, with respect to the

diagonals, on the same side of each reaction plate so




. 30 which provides a sensed acceleration signal on a line 334 to a sumrer
336. The scale factor (Ka) of the acceleroneter is (volt/ne/s). (As
previously indicated, the acceleration on line 324 is produced by the
disturbing force on line 326 interacting with the mass of 35 the suspended
or supported car or cab according tothgrelation F/Mas suggested in bl ock
332, where F is the disturbing force and Mis the mass of the cary,QL 6@

- 39 23 Junat2@bé Hiegmnumry %&Psd d@mwrﬁﬁ?fﬁaﬁ@nﬂ?ti@ﬂgei Ebe g

di sturbing_force on lLine.326 and t counterforce o ine 330 tqQ provide a
net force 8ﬁgénﬁrne é%b%QE% 55 (R e LS ﬁ%gb%uﬁﬁﬁF §§88nay provi de
a signal ohedoki Weudd8 o wursieoteey gdrertze oreddidt vém chutrayhbasema transfer
~ characteri Pkﬁﬁcfibﬂeso aNew QR vl da hglee%&%\,ﬂ%s?%ﬁfwes to collect an

i nner accefleration |oop signal on |Ine e outer acceleration and

positiof | oop stin&EXE Fd sk i BlLHEIRA pFrak, L FerRabi¥elyn on t he
line 338 1eh}ent:@a1tzﬂwofr8rpq§?t§@;ﬁogim dtﬁ%QnoJﬂﬂ@ed rkﬁhgrtal@@C@h&éﬁfs?aa "ﬁfﬁ
conprising,elenments., : : an e associ ated summers forns e

pri mary coﬁﬁ?oFa 08’&%%‘5&&1% &te aﬂ]b%brﬁ%‘f‘?ﬁ?n“%% BRYhed RBr&PR. The
descri pti ofilobrFicd. the Jorafrer. covers the theory 15 of the control system
previ ously descki.b I ctlo 1 1 08411417 pndar y . rqQl | oops
may al so be addEe[g %%‘% mdfj(s%tﬂ%%tgﬂ(? :hrﬁq%%g%%?r%%?él%ng% ‘?ﬁ Méﬁg%a re two
secondaPy EBREEPt Madps "Weas iaty Wanet Hag bren i ot opdgeed Al ghe

accel er ometghcB3AgCaeeAd, i20 n%rgzl;fy by S8l e i £5r 058XLLY L3RG due to
manuf acturing i nperfections. The first of these secondary | ops corrects on

the basis Bf PRESPETST S &TPodAnehy anch ResHh Rk reesstagi V8sbear
'posi tion i embefliesediredvalys idoaridptual 130 dppelsatb s hh ogkl 342 and 25 an

i nt egrator The int egrataqr, .342 provides a velocity signal on a
line 346 t%BbEg%F%§g6$%?§}t%fﬁqwm%ﬂ$H??Turn provi des a position signal on

a linel348. TheEyeh pdsiconsmeprsiugddly applimalgus i worpared in pastmmer 350
with a refgpeBefes Wdodhentd,NerdRgh He M n AP Red hrt?%Jc'Bg 33¢ would

ordinarily be a fixed DC | evel 'scaled to represent,” e.g. € X-position

(in the caBVeBgraeRaby e smbepdmsmtniof Bl k4R 9 Hee cdesesbbatnat e

syst emI zeeba&ﬁﬁi,%it_llil)mgndab?emﬁtg&dsltlrcﬁf&égﬁmt smjcéld @ﬁiéﬂm&%@%ﬁtwy cal)
centerline i,ch wi e.substanti a coincident with true vertica
i e., aling%al %ng'\ﬁ%dcﬁ‘otthg’eeﬁ‘ﬂ" EFIRA ° FITHCdS SrERefr e process

i s carBPedbutt conlgr ddte de nyusemferdeyusidrientsenisat. t imil4P123 June

009kt W LA e SR S a1 e

350 provides a signal on a e position
of the cabP®fF¥Reredpechbotdorhett thee cald ant) Wee dhloerctef i the fxamke 5

rel ative pR&kt heBasi@lRy aQN HRRRUHIIG Y I HdINBme |1edsy provided on a
line 356 to | ow- pass filter 358 after being sumed in a_sunmer 360 with a

si gnal on ﬁlgpﬁgg§6590?h€“1Bﬁﬁ&¥ﬂ$qqqqeﬁ° FHRA HYeP9¢dt ered signal on
a | i ne2364cuhptexdayses Nele lieaisCc & cOBayhe Heeinvention is not

restricted to the use of four actuators, as three, four,
five or more could be used. Four has been selected as a
convenient number that fits well with the symmetry of a
typical elevator car and hoistway. An "X" orientation
30 was first disclosed in commonly owned U.S. Patent
4,899,852 to Salmon et al in connection with a passive
stabilization system.
For the car embodiment to be disclosed in more
detail below, Figs. 4-7 and Figs. 9«13 show various
35 embodiments of a novel, plural-bladed rail configuration,

in each case according to the present invention for use

with active control systems, which plural-bladed rails




10 330 to be applied on the line 322 to the car or cab 320 until the
‘position error signal is driven to zero or close to zero. A second
secondary control | oop nay be introduced if a position signal is not
conveniently available or to 5 enhance the stability of the position
correction control |oop. The position -eLpor signal on line 354 may thus be
nodi fied in the sumrer 360 by being sumr@d with the signal on lyj g%@w
whi ch s pr&%(’ggéb%et%rgm%%kf%féﬁ]\Mwec@ﬁ%f %ﬂﬂ”sﬁﬁ@f@%fé&@d o"the

signal on line 'S representatrve of the acceleratron sensed in
the primaryrfdbp. SAAWBxiNakdGus Bsi i%ad IRt [Athd <85 R19 Riptarauk rectly on

l'ine 322 i fa@tr@eaﬁ§56&m0 W@ neateaitcat,exb asid it Rdey.on |ine 354
and nonzero garni Tﬁﬁ |sturb qpe mani f teq)q% ﬁ$ aﬁceleratron
signal on line 33% RFFF agpgaP 495 $57 e & B XY Bctor Sz +

(1 + G 5 GIp t5edhiin bachonaa@pmaaamagnﬁan/wﬁtHﬂQNﬁHOfrmqnencres
et 19 PO PEEBERAYES %%t:rétthr%V"er 1 %qgne S RQRUSsc | M Fact or

appr oaches Ically, couI e chosen’ equal to nine
(9) to redugéngdechdprdretdr isf us@ads k fhge cﬁCtt‘@ntC(Il%)“ 2044he

position feggbacktl aaBuall ®/es Lﬁmm &Qﬁt@ffdiera}/ll QYE efK@rpli¥-aDout the
acceleroneter feedback | ogp 36 360, 358, 336 anc (g&ﬁpractrcal contr ol

el enents Pladed ﬁglﬂ-ﬁnec’hf’é’éh iy @rf‘tsct%as THRCPHT PRY a8
Stable.léSSdmbpgsgalﬂl@Idteﬂﬁhy(qun\mn/ﬁhy exrctpasinnan | oop to be stable
is for the c?% nass to be acted upon by danping, friction and an

i nher ent sp} 8 ue to pendulousity, 5 acting singly or in concert.

One or nore of tﬁasé‘le'l erpntas nedYansmlareshare ralprétthaal tBygeem Use of

an accelerogggggslggp Ry Medal G Ga IQNARY QLA the gperatépn of the
position |oop. The contral represented i'n abstracted formin Fig. 10 18 may

be carried BaEsSER AQ¥e SFSeiTRATEARe RURE m%ﬁﬂﬁ?ﬁ?ﬁ?%ﬁP%BﬁF%aéﬁfrs shown
in Fig.189. sghewe, rashasitiaciliyng armlaag elmrp]fe)roﬂmmfklaynca)smbetatéﬂng

di sturbi ng force i.S Co ned th a e
digital |oof FB? 5m&84£§ 95 Q%ﬁtgrav Y congg nggguggﬁgﬁgafn t he
accel er onet €hs. aAtphMuﬂ|3%/aﬁukduﬁefgnﬂltﬂﬂﬂ&@;hﬂﬁﬂ&gﬁltﬁ@sbhagebé2

embodi ed in_ gpa teifh 2 &A% 208 £%keCpRB Of
the respect | Apd latglt%uglg’gtfsswzai’ %ch g‘srgs SPST PO 1 062, 216 of 264, of
Figs. 14C oﬁrI§HGﬁ@@ﬁ$CMQRﬂ3FONNQQFproper |nterfacrng (not shown), a

fsi ngl eI ldb]gl tal quﬁt Faly, 9[5 3|%D SA-auie rltdeL ss;g,?am $KoWe ﬂesfﬁgbe]g to and
roma our anal og contrals anal og. contro ponds to a force
comand si gNaf é?réf?}“%&%% %‘8 ’%r r]:f]r?eé%h%f’st al“control I er 380.
The force ca&ﬁam@ryﬂymﬂphdmddnﬁmgurahﬁdnﬂwan g duwsles degehdseg on the
transl ational _and _r nt t The

%Q 2 pa% qk)e r]s?(f’%eglg%sﬁsé Hleeé:% B0 1D 9% on | i nes

controller IS |n urn O accel eratl on srgn
390, 392, 3934f,60M -t hélaascnr Gragardinmn 4 ortiss progentyripsant og, or 256,

respect pyel pauthe eq%%ieeg%gi%é RN raM Rt A S ket 4G 0g. 15¢neand to
position sr%nals on lines 6, 398, 400, 402 indicative of the size of the

air gaps 15P4@0Redt SIRFVES 132Gt SEPBINSHF BASS FOBg 230 or 284, 232
or 286 and theict roasRewt e sl 183 hidd b 056 29&rv@22a0r 274, 224
or 276. In respqnse 1o t.he fq Cejf nqu shgnarftqghéﬁﬂgstBZ 384, 386

388, the anglgd &dnt W&Ct%?ﬂ)

understood that the rall 62 may have footings 72, 74 for

30 easily attaching the rail to a hoistway-way wall 76. Or,
the rail 62 may be formed in a full triangular cross-
section with or without footings (not shown). Similarly,
referring back to Fig. 4, the three-bladed embodiment may
comprise a four-blade box-shaped rail without footings.

35 As another example of how an associated actuator could be
disposed differently than illustrated, the actuator 70

could be positioned opposite actuator 68, on the other




42 23 June 2004 376 provide actuation signals on |Iines 404, 406, 408, 410

‘to the coils of the coil-cores 226 or 280, 228 or 282, 230 or 284, 232 or

- 286 for causing nore or |less attractive forces between the respective

core-coils 226 5 or 289, 228 or 282, 230 or 284, 232 or 286 and their

associ ated reaction plates. The return gﬁrlent through the coils is

noni tored by current nonitoring devices 412 or 420, 414 or 422Q3@§€?§@@ﬂ24,
, 4t

418 or 426 which_ provi r t.sLgna 5N 0,,,432 o the
10 respectfﬁ%h%ﬁﬂfo%Y%%%tgglé$§78?5g€2%§3g§?hg7g§ $%§GC§§?gﬁ% sensors may
be, e.g., BeldadewentOpwpiackibni fPE podpLARGYOPYEKE (DRToSHRWNead. A
plurality of senpQrp;440e0rafi48.-p44R8 98 4pBroddh 9k 4edd.44G WlARZ, which

may be Hall cells (e.g., of the 15 type Bell .G+ 600), are respectively
associated3&t%ﬁé%%ﬁchYeaZEﬁlﬁr°§86¥g?§§80?1?§§F° I%?”f%fg%ﬂ%??ﬁ5286,

for the purgwsespfwpiDyi di Bgcaendi biladat Benief uskd byum dérisidy or nagnetic
i nduction (volt-sec/pgg) i €._ga h, € t n faces of the cores

and the asé%%?%ﬁ%ﬁrZQEplagetﬁérg g%ﬁg?mfgeggtgggdyggﬁeagl%& density in the
air gaps thesehehageatiFheasensor patiQbyr ang8acipater peG mpy4 kg 452, 446

or 452 provi SENS Lan .n 4 2 4G4, ReSRectively) to
t he analog1%%% rgﬁsggyg?ﬂ3g5§ ggﬁ%k3$§? gga%%?efﬁ %ghﬁggﬁ?gﬁﬁig. 20, the

anal og cont®®4. 370 anong the plurality of analog controls 370, 372, 374,

376 of fb9g. 20, rsgshownifigsteneeenhodareation @&t ahle thie-buawid anal og
controls 372, 374, SYSOngage t he Eane or, | ar . The for%%ﬂgpqﬁ?nd si gna

. .SL.m
on line 3825??Bﬁ¢tﬁ%l t B-9¢oRt r oRPer ?gBQ&Pqﬁﬁfgslﬁ'ls provi ded to a
sumer 470 whadesi p6i, sesumed intelrfacingnali thn respecd AE2 datoratorsl tiplier

474 configu a sqKaLi ng.qi Lt ; i,near i e R piad NG/ gain
sel ected di%QQSi%%grly$?8 gglgqéﬁgglé%%qﬁge%a%ngﬁﬁ?atigﬁﬂ{anp/neter) and 35
properly scehédhtvayoheensed sisghaFopNeaienge hapsiliendiv@san vaigh e x

density; §0 9RgalBdhCaLIF¥R yOLhRECEnoth@nbhiwy .density signal on line 476 is
provideﬁ by a Hal | - 43" 23 June 2004 cel | anpkifier 78 ﬁ?ich is used to
boost the |evel BE9rh&@ SPGHAl 28n 1BVEXkeEUIoSPAREY A& Ba 0% 13V 4 dr 44s.

The sumer ¥yQagr ovsdesra ihtecaceingr wiithnan elexdrommoiftio aoil

proportional -integral . (P-| I fier iC re\VA| a.Rd anplified
si gnal on ai}bnan 88 Pgagegﬂggﬁgognﬁlgéggngéggatgygﬁg%%q%%%bé%g%tor 490
provi des a provihdeasghractiugadl streadtine 492 which controls the firing

angl e ofea plurakhby 9 SHuel B @-CoRpedl bl A A IRPINGIAdd egsl by 2
filter 86 which i turn .
and a blade 124 for providing a ferromagnetic path for
coils 126, 128, respectively. A coil 130 uses a blade
132 as its ferromagnetic mass. Blade 132 may also be
used to attach rail 120 to a hoistway wall 134.
25 Fig. 11 illustrates a rail 136 mounted on a hoistway
wall using a facing pedestal 140. The rail 136 comprises
a curved section 142 which, in effect, comprises two
"hblades", one on either side of a projecting blade 144
for safety brake purposes. One side of the curved
30 section is used for interacting with a coil 146 while the
other is used for interacting with a coil 148.

Fig. 12 is an illustration of a rail 150 attached to
hoistway wall 152 by means of a footing 154. The active
part of the rail 150 comprises a circular rail 156 which

35 in effect comprises two half-circles on either side of a
projection 158. Coils 160, 162 used the respective

halves of the circle 156 as ferromagnetic masses. Thus,



.10 provides a filtered firing angle signal on a line 498 to the controller
494 which is nore fully described as a single phase, two-quadrant,

full -wave, SCR power converter. This type of converter is preferred over
onequadrant and hal f-wave converters. The | east preferred 15 conbi nation
woul d be a one-quadrant, half-wave. Tber? woul d be a slight cost savings in
usi ng these nonpreferred approaches but *the dynam c perfornanc%3wgﬂég?ap
significant]ly.de ded. i nsiv one- d t, systemis possible
using a DC:?%%?i?%grfghdfg %?gégﬁétgr%ga E@ﬁﬁ% o%%g}f The hi ghest

- performance apprBagh hduid e dliustragien pefoagdaddadi? mmuttgthamn

converter b&thébééwﬁ? PeL1t hesPbef fbhfd BRPEEREA NBRCAWSE aof7¢oSta
consi derations. The twp-quadrant) full g@ve co%égrter 4§33?f Fig., 21 may be
made up, foFUEXBAPPECTEPNAlpAi LSof 195 SR T ex SERAA 280 ® SIELIARF o
circuit sondhgdiBhédnsadesbowa pRopectibing1721 ( maichsk@wtizre IRC snubbers
across the S and,_a commercial firing boar h Phasetroni cs
PTR1209 m'&%ﬁiz‘éﬁo% 7R ?—'lcgg-?lagﬁ.r’G&t'g'éi Sﬁgﬁg%o%% zﬁp 'u?l:l?Iafity of lines
253a for theeSpRstavelg0 pbei dedlby 6#hdsf sdimidaodnd c288:epthe-porerl
controller 23¢ k3gPOer eolbih ik 2Ra¥Abn0R ofhelya® shab el Sdthddildd 119 board
and provides the groper evel of current on I'ine 180 in response to the
filtered fi'PhgshABPe signal on line 250. 35 The signal on the |ine 428
Eromht hﬁocurrenlt TEENEQN 1444 iH p;iq\\fwiqde%st Qh@lnp&@aecig-emetrdwdmém& vi der 504
such as an_Anal o Vi C AD534). i.ch is also responsive to 5 10 15 20
9550 - a4 93 SUARIS084 ChRe SRR 20AEN, § L PRI A S SFAE PAIRER di ng
t he magni t uds shotvhebellbweih sbgnelctdon widehd 28 alwi tilza timgni trudshef t he
flux densit I n_ki Lalyi t I ‘ a
proportiona ??§9$§% grp#hﬂgréé? ?%gﬁgg&% ee¥ﬁ§%§igﬁgl_ontﬁfﬁﬁ 396 (back to
t he di gital contFerl arsggpepfied dpendnlivpgi €adi Ehegfe tife Iiddrlie ke F a gap

(9~) beiyeepctherbacatabiiheatabn off the o30ithe? 26 ARM tiherdipd @ 218.
As mentioned previaously, the %égé al, controller 380.is res qgilve to the

gap signal st8ntPRefFRAES T588, 430 15465sPR0ARE Pegay dtration
- signal s on LaBRSo#9any39ppragdabier reaatiiong abicut Rnyonjamicdidrotai t h

anal og contrgols of . the type_shown in Fig. 20 .th 0 f unctions of Fig.
18 | st ead 8PS gentPHBr " SPEe e riber e B eke e s 55, Sss i b

exactly thesspperkednén astpléabdesimyngiesclops @d pointomeauttiash e th Figs. 16

and 17, ;guch, gmaltabltehgqu%fg,%ewt@.qﬂ Rha $riined! YRMSlondlfdpdi fied by

h
sunmati on mntﬁ corrective force_ signals Qalculated to correct for position

i mbal ances BEréErBHadyakre PaYi PPoRPPERSIALIL0 ol ACEhE G5/ att sensors
442 or 450, mdg4per dédlredd@ooemdpidyass eomired sgsitest isiel iyl am tdr t he
actuators 212 or .260, .214 or 262, .216 or 264 as.shown in, Figs., 14C or 15.
( Not e: Theségﬁpglf:ﬁg &8 thé‘ng’g‘}?hi’é‘& tptfefvilr?alsﬁyu%e(%’nsqetsy&J'Ikheedsi gnal s
from the poabbivenisegsonection adthedgr. 44€ diorddheanmbdfi anf cihre erdb sensor
Cl, wheg_pr s ‘ iyi Gl CU i e S li ne
595. 'S A7 airG; SecAns, coiplakely; Edeptrncitd iof® oltf TR R
GAP4 si gnal speratiings £998 stabo 112029) thec i leorrectfiore ther qradtigml et may be
generated, EehpexXanRhg thytfi bEt fiesd Yingddha tsengpd RSty gnal s into
conponent s along the axes of the Cartesian cogﬁﬂ}nate iystggg 18 or 266 of
Fig. 14C or Ng5e58aTy {Re 2CGYALLnDRHTER 18 Sl B9 pEIe 43 &° p3) / (2KCS),
Px_ _ (Pz +dR4ptt2KCSpunPetact( PotatRops( 2KCH)E, afy hor(iPdntdt-)diAKCS) . P~
~ (Pz +383)é%’a§33.— %REhBuB%)@%bh is certainly within the scope of

the present invention, according to the teachings of the

present invention, for cabs as well as cars, by using two

independent control systems to stabilize horizontal

translations in the roof and floor: surprisingly, any

35 rotations about any horizontal axes are automatically
taken care of. Although applicable to both cabs (and

particularly supported cabs) and cars, the description




- 45 23 .Tune 2004 and then, based on the above, conputing or selecting
Px) PY, and Po (which together specify the absolute position of the car or
cab) , from PX_ and Px+, PY_ and PY+, and P~ and Po_. PX, for exanple, may
be conputed as follows: 5 Px = (Px+ - PX)/2. O, one can select PX+ or
P% , depending on which quantity is smaller. (Note: For |large gaps, i.e.,
for large PX+ or Px_, the value is |IR€P§ fo be inaccurate and Jxey,,08044

di scar ded). b?{' reﬁﬁt gggc%(iggo@%gt ﬁgre&§e%~ c%rlol | us‘%rg]%enlgll n 1._.ng 18 on

posi tion-con Orce COMpPONENnt’s - as
a single- axthebastswélp"hgvan@Q ﬁeﬁfp@§ﬂ¢WbﬁJTé%iﬂnﬂﬂ®heFﬁellqwl@qanple on

line 348, ?e&@ﬂ?ﬂ@gdthomﬁkhefaﬁﬁeﬁ%% QN Jalt &322 H ML AL Sr S POgiI ti on
error signa he 354. This in turn is 15 passed through a | ow pass such

as filter 3%Bab¥hizaplePi-des an FPx signal. For purposes of resolving the
requiredsx-countgi§or eap iik a pOP Wiew i ahd pamfllivreGar-pseRFrig0. 5)

FPX) / 4 ti f 0.5 FP [ 45
procedure. nmhyPbbo3bTREl FaWBd TE6P EBY ERETRT GRSt ARSI
appropri at eleguafti ansacthatort Iaefrfaamgemecmrrpmnd:ﬂtes Lﬁ:mqe I-T:Féztveaeﬂi'l F‘eheray be
resol ved '“J:Qrcf’%ﬁ@t- gv%}%‘&”%‘nﬁ ER2) Eﬁ%rs'i%% dt tr?&%%é)’g &g

foll ow ng conpl ete set equat 1 ons, FPx T Fz =
(KCS) (FPX_¥n2thfsg ea@ﬁesye( Bexe) shewa (these (alqi;&létq#fy#‘%% 243 KB4 (FPy+
FE 3 E310 (fﬁﬁaléﬁpﬁf)tﬁé 5inkTe) a@E@thrF%s—éHSﬁﬂ iﬁ¥ﬁ%: an% iﬁThe(ﬁcs)
0y E~ ~ ere
force, and ?Egpgt85§(% §Ph€&§) 14§ ﬂ?g QHNQH?Eéi??éﬁﬁW%ﬁRﬁﬁ%vath t he

accel er ati onypeetbablk dbgﬁ&hbeallnFﬂﬁtEEJ B l(such Eee tdei antgatal ownofi ne

364 or Iine 2 t r ide

connecti on ﬁ% %LQ%QSE% gb 1 g%fn%%ﬁﬁé%%szflt S q§Ci¥e§;t)rce!]é %n?hat a
val i d positthbe ﬁeaélﬁgowﬂuma¢#IFYﬁée@v@HR%ﬂQ§fr(ﬁhﬁﬁuaﬁhQn@@ﬁ#ﬁﬁﬁs of the
type desgribgd Hebassek! $ARRCRARY kY &-a6LUALM 118 NIRd HLElid¥6hs This

means that anX pgggegigg%cgl%Jyégyﬂ;Tgﬂalgies parallel to the Y-
axis. Each of the actuators 240, 242, 244 has a separate
control loop which is independent of the others at least
in the sense of not depending on sensors in any other

20 axis. It will, of course, be understood that the various
axes of control are mechanically coupled.

Several active suspension inventions are disclosed
herein which describe embodiments of the present
invention which include separate, single-axis controls

25 such as disclosed herein in connection with Fig.'14D, and
several of which embodiments describe combined, multi-
axis control channels, such as shown in Figs. 14C and 15.
It should be understood that the separate, single-axis
controls disclosed herein are advantageous for simplicity

30 of design and for the advantage of being able to
electronically decouple the various contrel axes. It
will be noted, however, that the separate, single-axis
approach is somewhat more expensive than the combined,
multi-axis approach because of the added number of

35 electromagnets required. On the other hand, there are

only three channels of electronics required in the

separate channels while the combined, multi-axis approach




5 dependent upon whether or not there are magnet coil actuation currents
“present. It should be realized that the gap signals on lines 396, 398, 400,
402 coul d be provided by a sinple position sensor only. 10 An additi onal
teaching of our invention is that the el ectromagnets may be used to control
the position of the car or cab at stops,.e.g., to bring the suspended or
supported car or cab to rest with respe %? To the frane while 023 %%OO

of f-1oadin assengers.. f_ cour e al .p g. t he
di gital %e?%}]t%? FRBEGIED, °€9f%'§paﬁ&§8§é?g L’f lg988"§:§-?’[i1|ol%{)cessor may
handl e add| ti onalt oo rmnre‘fmwsl‘ﬁnsn@uehtaé thétsﬂ-ﬁr shagldndsst oppi ng of

cars and t g 4l,S0A Ghi itk O3 GBF feffeahsmsaagmeﬁtswpahagp&tes%ri‘d oor, the
processor 20 of FIg. 16 20 na receive a sensed signal, online 18 or an

aIgorlthm(%ﬂq%ﬁ?kﬂmeﬁYkkP 1%%%?@af°§|bHSFe?ﬁaPEaFPH& CRILoRt jin
verticald y s#5f desiator datlot heabpr ovhdepaesegpali enbbiigmed? tof amd rol the

position of the sus ended. or supported Qr._¢ e le, 0. f the 25
cab platfoﬁﬁ%ﬁﬁp %PtﬁﬁR:V§£ofPeﬂ?£ des?ﬁegﬁglg %§§ ?%EﬁQJuﬁbthe | ef t

hand verti (E’udadgblaﬁowmecca@scepbedeﬁos ahearab' 3gsiihl, |l_|t aliilgndent with a
hoi st way d% Poatdht Oat 1HD LhGeS %gg@baep%esagaa%ef poitd e M8y be

pr ogr ammed provide torce conman s to 30 actuators 210, 214 in
order to pﬁuvid%abheih£f¢§£@gvénféﬁﬁéé neBdBdtPother eEtERE NRSRSRASY cab up

agai nstyg €.t ;aStORSt /Edr t?lQéaféYBﬂn{:EQtl ﬂhbhﬁcﬁﬁétbkér@o%o% Tardsadt® push
~ the cab sill into position at rest with iﬁe ﬁéiof nd in close a !lgnnent

with the mﬁQE%%ﬁte%tY%h£e°@535?9F5§66YaV? §Ia SR causes
the frame 202419 &eteoh oareBimeoas sthewnt dpsFigy hanart of the actuators

th I f t t het J 2 f th
IeggsgOXeSSOGOLfﬁ%ﬁgpgg?%nRﬁ@ €9|PE 15 Oghe éZF%QP Pﬁegppqéﬁig a sglectgd

current | evat seppoheedotas, 290 aﬁtpéeﬁﬁvéeﬂoiﬁeal§1Q@n€ﬂéﬁédﬂt is

SUf i Ci @0t | 3hSh& OPGet @aPr RO 5. St 8BE1HP agahnﬁanhae 2imAaGd &b Pl es.
For a doubl e-doored platform as a further ex t he Blatforn1200 of

|
Fig. 14C |salb‘PY%nP’é%IS?%t%F%OIHoFQF\AByCE‘BchfPﬁaangﬁélF’Efltveh RASSS cal edge
of the cab aﬁe:prxecsenw wae 6ablsmsthtibn, alllfgﬂﬁenhsmt‘nbsaahm stway door sill

700, and the_ri and 10 vertical ed allgnnent
with a sillf %ﬁ.g?%% 2t her &i ﬁﬁleﬁ?ocgsngego %FEE§C§%¥§ gﬁ%%ﬂ%rogranned
to provide XYaywet cOomahie spgraesged a&anﬁpvm5021zar2faopw,omma'qqnprOV|de
t he e }é&ﬁgwss n?&gfdofo Lgaegoghﬁlauaee{ag%geaafiaﬁqaa‘gaedﬁsehe

st ops a noun in t e car frane so as to push the cab sil
into positi®Ar a259 eBlogrt WhiekpiBEerseChn@NPnaBPESETaPL@R%™ with t he

h0|5tmay‘ﬂﬁéﬁﬂféaﬁlb&r5&&nﬂéf§in&hﬁhi&ﬁ”@ei@&nﬁ@&ﬁ&a&er@ﬂtefﬁ&hﬁ&ﬂhOd
used to accoqgllsh t he §a€§els shown be described |ater in

connect i on Wt hCENEST 18 h3d83EFn tﬁgef5?8§3336 gggglﬁﬂW§¥1Qﬁ ¥hest
node enbodiment intensebtethaxtioart akengotheoflbor'a suisygemddd.cab, paid

.consid ble att n I pagt.i.cul ema e and
taughtq%%m/to cagg ﬁf %Qtﬁggggghéa PrgGﬁaniyfeégklg §{ﬁht 4 av
previously pn@f@nr@@ embedinent afetéﬁylﬁﬂﬁﬁ§#°6flédﬁptt&%ﬂk(ﬂﬁfﬁh%mt

approaches £Ght£81T ¥{88eRUhst BEuS RECEhe Bl bOALEY QWi 'isN\RIHHN I ch s
active control of a suspended cab.
to remain coincident with an imaginary reference line up
the center of the hoistway without the suspended or
30 supported car rotating about the coincident car and
hoistway centerlines.

It does this by the use of car-mounted
accelerometers 252, 254, 256 (analogous to sensors 16b,
16a, 16¢, respectively, of Fig. 2) which together are

35 used to sense accelerations manifesting small
translational deviations of the car's centerline from the

hoistway's centerline and by further sensing



,The fundamental principle of active control can be 30 carried out in a
plurality of coordinated single axis controls as previously described.
Recall that Fig. 18 illustrated the theory of operation of single-axis
stabilization of horizontal notion of a cab suspended in an el evator frane.
In connection therewith, it has been 35 guggested that an accel eroneter may
be used in a feedback Ioop to, in effec% I ncrease the cab ”HS§3§¥ne2ﬁ§123

June 2004 ea} &éi@ﬁ&f@ﬂécﬁé 2208 4ing! QWaQQSE:'UthEJ.%@Q R eIy il er

regul ati ng 1oops use to conpensate for accel erqneter offsets, etc.

Fig. 24 shoveout oo BEWRY GPREPEM-BE ARE BYnEPCoREdRCHVE MSP ot shows
an 5 even fiudhforedpse ﬁ@d$|zﬁalIdsate&éithM@'wm&dawmst frequenci es.

The Fig. 25 diagr ressed .n_un ts scal e
Acceleratuﬁ??ﬁéhgﬁcgf%ﬁDg F(ﬁﬁﬂgffo 1§ ﬁﬂgre%fb I%ﬁ%{urblng
force, i Scémiee:n:ai;ﬁesf ﬁhelsadpendactldabceKa’llt;h mnﬁttlﬁnmn-rmﬁ "added"
by the actug{o Qg&sgobgrsgg?ﬁatgqug% 19 ddia dici] Lids ngy force 15

usi ng the acce era e earth's surface. If, in
t he foregO|ﬁgqeqbéth@ﬁ ite ket RA30DE ﬂnethewPa§§§hﬁﬁ“%H%“éﬁé%ﬁ%% of active

control, a“&é@én%éﬁo%gnawnﬁ%@s%m ibhem wheokiaditemnmoged eration due
to the 20 dlsturbln%P orce (FD) of 25/1860 =25nG._.I.f we now wish to
r

i ntroduce at¥n¥EecHRPrand RQV&EH d&8uRE2RAS9HEHE T W now obtain a
tenfol dige fp@ﬁdiﬂuaaeelter &hleopaqbuar towhhe dihst wezalere, iIte.will be

25/ <1000+900$;% 88 %546, A4, 1BLRIRlE vie it ddo i dAaRE Ao L hese

lines we wif vean or e inprovenent In ride
confort. Nowramsltabingad Kscefl egatClg S|§l@®§ may Ymaxidh easikm an

accel eratio ﬁg‘?t!ieb?aﬁtzgél%g%kt@(r Jz%Q Valit/eCrantke 1ikf weaexaiRis scal e
factor (FGE;? Ka7 ASF which 30 is e%yal to 9000k /100 olt/GLQOkg

(f or ce)/ Vol €2 bggoeREREoRYVEither accelerometer
15 miscomparison of the outputs of the two x-sensitive

accelerometers will indicate a rotation about the z-axis.
A clockwise or counterclockwise rotation will be
indicated depending upon which x-accelerometer 252 or 256
provides the larger magnitude sensed signal. I.e., the

20 magnitude and sign of the miscomparison is indicative of
the magnitude and direction of the angle of rotation.

V-shaped rails 267, 268, similar to the rail

pictured in Figs. 5 and 7, or similar, such as that of C.
R. Otis, affixed to opposite hoistway walls 267a, 268a

25 provide ferromagnetic reaction plates 268, 270, 272, 274.
Four electromagnet cores 280, 282, 284, 286 with
associated coils may be attached to the sides, near the
bottom, of a suspended or supported platform so that each
faces one of the reaction plates. Attractive forces

30 generated by the control system by means of the four
electromagnet core-coils are exerted in such a way as to
separate or bring closer the core-coils from their
associated reaction plates. The positioning of the core-
coils with respect to the reaction planes can of course

35 vwvary, as with the cab example, except in this case most
especially according to the selected rail shape.

Turning now to Fig. 16, the means 20 of Fig. 1 is



An el ectromagnetic actuator such as described previously may be constructed

in a U shape as shown in Figs. 29 and 30. In Fig. 29 double coils 300, 302

are 35 shown which fit over |egs 304, 306, respectively, as shown in Fig.

30. The coils 300, 302 constitute a 49 23 June 2004 continuous w ndi ng

and are shown in isonetric section in Fig. 30. Coil 300 and coil 302 nay

each, for exanple be wound with 936 tOrAs 6f #il AWG nagnet Mﬁr Jﬁﬁ 500
er eavef

packi ng fact shap d I e
constructloh9i5§Ig§t%E gn?na %&%?qﬁadeﬁﬁ?'%ﬁ%%ghté?flﬁﬁé Ii vacuum
i mpr egnat edwhith wRHeRSMBISSehomn Tingputi/@utem thre)L /159, d%tl@(aaﬁﬂ gwhich

A10. 16om g, Sheluae~LndoRamenddabibann | Modanmedhehee! st ance
~would be 6.7 ohns and t he i nductance 2 10 Such me ghs 22.21:g9 and is

capabl e of EREVH) ngesPENRANEORS. an¢ﬂ§¥9ﬁn%%ﬂ“ Qmﬁylﬁﬁh%%ﬁ The
578 Newt gn 1ib, Wﬁ@cﬁSmageb&ue&ceae@oe@ﬂm@mtlczoas:t WAI®rag Nsowh efhsuch

as described,preyiogusly we can _expect y | r ng to command of ,
say, 4.2 tiﬁegdexﬁg P6y88$8ﬁ85°EeR&Fi % #%dy%ﬁﬁ? gt°§1 x?%h%tgap of 20
nm can be e$5Lnarednatsbnbbdwga@ha&@&roanﬂmaatﬂ%ﬂ|Qﬁ1thaxbffEQt(ﬂi =

Ll v - (00 (eOUICHIBhancl3Te a5 Thauld T Qlatsl od kg force (578

Newt on) at 3 m ni mum g (2.15)/(170)
= 15 meec. 8SYTHAPK. C‘Pﬁ‘@rtlisﬁeat @l@é\té‘lldt‘}%aﬁf'@]ﬂgr c@/\ﬁquplb\reléwsén% hal f

the timpg ABhaayr ey proiiaisdp f%r@@'cdﬂﬁnalﬁf/oﬁgr%ﬁsf W Bhw e2gapobe
tolerated. W can_present the relaglon bet ween the and several other

factors in GpaﬁﬁPégﬂ AGENREOTS RAWYHITIETRY s tend SR Saxi mum
power is 50actanterat 2aonagilzymaald, omdi fo rmhggarn.etcfl' hetrm/emagm'@@mer can be

expect ed to, gg a?%r OX|2%3te %4123 W4tts.1530 As n;{]oﬁ]_l r{ dergher nal

consi derati on he 'mass o the copper |d such romagnet is 14. 86
kg, having ac§pe@pﬂr|80 hédiscow igthdgp tée /apnt nea3 @Y /ady@)ig Theb change in

tenper ab Hr echAk r31S| ataxaseeen%de&@slscwé)@ﬁ e Boritet 13§ €a 0f 500 Watts
will thus be: 35 dT = Vatt-sec/(385) 2)
Central Processing Unit ( 84, a Random Access Memory
(RAM) 286 and a Read Only Memory (ROM) 288. The CPU
executes a step-by-step program resident in the ROM,
stores input signals having magnitudes indicative of the
20 value of the sensed parameter as manifested on the line
18 in the RAM, as well as signals having magnitudes
representing the results of intermediate calculations and
output signals having magnitudes indicative of the value
of the parameter to be controlled as manifested in the
25 output signal on line 22. .
Returning to the arrangement of the cab and car
platforms of Figs. 14C and 15 and at the same time
referring to Fig. 17, a simplified step-by-step program
will be explained for execution by the CPU of Fig. 16 in
30 effecting the closed loop control function previously
explained in connection with the means 20 of Fig. 1 and
the embodiment thereof shown in Fig. 16. After entering
at a step 300, an input step 302 is executed in which the
magnitude(s) of the signal(s) on line 18 is(are) acquired
35 by the I/0 unit 280. For the purposes of Figs. 14C and
15, these shall be referred to as signals A,, A, and AY
provided, respectively, by accelerometers 204, 208, 206



_ (500)(60)/(385)(14.86) - 50 DT = 5.24C. 23 June 2004 Thus, there is
little tenperature rise even for maxi mum power input for one mnute. Fig.
31 shows a single-axis lateral vibration 5 stabilization systemfor use in
a system such as shown in Fig. 14D. The concept is the sane as shown in
Figs. 18, 24, and 25. The i npl enent ati_og to be described wll be anal og but
it will be understood that it can be caffied out di gitally as ‘Q%lllun biod i s

case, a pl 351901%'2’;.5% 'f4éo 8kt 3chede  WhkoauL 2??11 t%%'6°“’25t40 g yISpENted cab

while a pair gneti1c actuators are attach d to the
el evat or cafWiﬂFlan%Ul%}élacééﬁEFS%fﬂéFlSBB°§eﬁ§é‘§d&€'@é‘l“-‘§r at igws gFoxek

gg;p%deﬂ Cﬁbtﬂw %ﬂvwssga ?Q6$ed6|$l gnab ep &nkl laﬂ:h%lﬁo dfo tHe il i fier
ichinturn ovi des an anpl i sen a eratiqn on a
line 364 toxaa%’cﬁ’nﬁ?ﬁgiﬁﬁe{“? 1’=‘rr§68°\‘iv|'ne?8g {oF iggu $) \iﬁ%%f %‘ﬁr bi ng
force signalnoca @tép n:eo86aoaadmpupestheomal;ndmuder odCtal \pesart ives rer " Si gnal

on 2 e 30safiLE Al el slgnalaon.a (108 321 snaravidsdyle a 20

pall’ of recthlers ar e own respectlve
34. The reccpméu@noeﬁarprusedetoapspgnda eh averpge37®n olsa:%ugh@mvaerter

380, whi ch éécﬁ' §£’m§f9¥’nréauﬁlignc§4teéﬁﬁﬂyﬁbch U%V'd&‘&s% Sighalhang |ine
- 382 which may haracterized as”a negative control 25 nal, Simlarly,

the rectifik®® B?‘Blb?%‘i}l BeatatlpgSEEPSn382)| ﬁ@“S@E"\MIPiecﬁ’ ngd into
charactegi zgds 8sgBe POShEi NG s@BHr Olf ai goghtiBal kehsarsiignaliowiidd nes 382

d 384 d. t t 388, 390 with a bi
S gnal on S TPR S6R SRRCETBPBIRRECBRASKE 300cont PO & TP ihes 394,

396 to el ectompaghedtncofictbat mWocsngna[LIseps-osga,eMw aaseatomegigrs The

' troll 8, 0 ; h 0. Th
ciTect of tha b B00e( ke 2827 LadT 8, PPRPRsbibIORE a0 he g L on

shows t he cbﬁp%‘éﬁﬂpemésul Faﬁt mﬁ@ﬂé§“@?n°§a§ﬁ§d Slligr‘l’é‘sl) Paf Whbl t9@PeRdices on

ei t her §5deoﬂftlt1@edé§§éél €8 phate 3B2 Ghgnieuad lbmesle sigrlls 28-chine 2004
vs. the control naI

C) for the syst of F| hi s chm ue is
used to predEReL ‘EF Fﬁ%ﬁu%ﬂ ftes 20f (© oF, 2527 2567 el ° i tgh

of their summation determines the rotatiocnal direction.
The values of A, A, and A, are stored temporarily in RAM
286,

20 A step 306 is next executed in which a computation
is made of the forces needed to counteract the effect(s)
of the disturbance(s) as manifested in one or more sensed
parameter(s) (accelerations preferred). Such may be made
based on the known mass of the suspended or supported cab

25 or car and the formula F=ma where "F" represents fhe
required counterforce, "m" the mass of the suspended or
supported cab or car and "a" the value of the sensed

acceleration. Thus, F

r Fy and F; are computed from the

signals A, A, and A, that were stored in RAM 286 in step

30 304. These computed values are provided in the form of
force command signals on line 22 as indicated in a step
308. It should be understood that the orientation of the
actuators as shown in Figs. 14C and 15 are such that a
command signal calling for a positive x-direction

35 counterforce will have to be exerted by electromagnets
210 and 214 (or, 258, 262) acting in concert, each
providing half the required counterforce by each




control about the zero position point. Wthout bias, turn-off of one magnet
and turn-on of the other could 5 occur at the same time. The illustrated

- techni que, using bias, results in reduced control gain at or near zero
force. The advantage is that only one magnet goes fromon to off or vice
versa at any given tine. Bias hel ps assyre that "dither" of the cab wll

not occur during 10 periods requiring |i t7t I"e or no correction. Z-Ehl%mg g@@l S
3n

on lines 394._a t t f 1d5 8] simlar to
the force c Fn%gggggg%l%?%%el ?%%§8§%|f r’nﬁ’% é%% %I m | g?%‘?gﬂﬁe controls
398, 400 prborde mpltdrdiedubpucosi($fdl)s inikas dopisyangodtt o act uators
ggg, , 352) réggﬂﬁ%&-‘f%&%elsi @u:f% &%ra@erfo%i rr?ﬂear%-tdzilﬁ%tgcmﬁ (%m sf@fgl on Ii ?e

in Fig. . In simlar fashion each contr . provides ition
out put si gnhPEakagns,@s c‘?’&lrlesp@mﬁ’ie%g B ft‘H%“Léan"’ s%%lwbﬁ I ?‘H‘ée§9§9§n Fig.
20. 20 Fer pHeppses i®filtitd epoFidlil@wd qdm tind Eqokewinoyn sqgatiensn |ine
406, 408 angd. the correspondi ng, hut ,op it | de i fd i op.signal on
| i nes 384, gl?§ gH S&r&ﬂ% eg't%'at}rjai4r cgorsrll?é%c%l(ﬂr gﬁée%g%#%{r’r%f%f rgai ts 410,
412 for theepecpronagheddiceactow tofrs t?elQ/.aIZkB,ZSZb‘bsiZ}@_noﬁiﬁﬁﬁl- L6t h P,
and P_ provide Padlliad.dl G S dipvail, 2 Yof fllei.%.;wi%?ﬂ si gnal

correspondi ng fo the driven force dgenerator is vali e outputs of the
clanp circugts are pr@xbggeqlp;&q a summ ng jrinet imn=AX&kdsgr(f he purpose of
obt ai ni ng t h€ 30gvali ¢xBe§iFl gn signal . Also prpvidegdsy (gl sunmi ng
junctiof'l 414 is ah attenuatet 'acceleration signdl on a |'i nd 415 from an
attenuator Ej5a FespohEFS$e(Falthe anplifi &Y-acch & 48 Eyghal on 1ine
364. Both of theFEC=cOKCBOIFgd clanps 410, 412 Bnd tHEESBI Kuhmi ng j unction
- 414 are shoyn .ingmore dekaik hn Fig. 35 The, out put @feghhg spmming junction
is a conposi f*e 52_2% gg (% 04 position #nd agcel rlﬁtg o(r},e's gnal on a line
416 which is pl’O\?Bdéd F E F pass filter 418 v6hi_'cﬁ 2 aﬂti me constant in

the rangé of;,1 0 plQ Ws.an@e | ow pass filter 418 in turn provides the
corrective signal _he, ' 37Q {0 Sy DG, [ pget i on 366, previously
described. Three single-axis controls (such as Just described can be used

for the actuat or g faferFinakikdP tiHe IHetesdfadhacompbtaetondr @rdaxi s schenes
described previqusly in connection with Figs. 14C an 5. s e t he
three 10 axP§°§’8‘;¢elﬁé H:g'%e rﬁ%ﬂf’aﬁﬁgnﬁ%& ‘a_r%’rfﬁ%eg ?%“%%geln%r %l§$§§¥| %QEti on of

all sensiti peogres usiynglemibe rmtadibior ofstercilonagheveveFur thedsor e,
t he gap ot %;%%f‘@xjalbl]%e LS P Muit bdPV Hepde f05+Q0-1 ot he x or 'y

di rection. s, a plus or mnus 15l nm gap, variation for 15 a single-axis
or nul tipl eSYPSFIANOES 5 \EERT I W P AE2 RS H HEREAHESTddh vari ati on

in a three- Rdhve19EEHcdTediste it Gradthldo 2dindOus €heayiAagagnets are
used and, al so q_TnI.y f.qur alpo r-electronic liontrol | ers_are needed. Since
wat atta-45% %

magnet s ar e SR STPREYRES o0 HAT RNEPI%SS nBfnet size can be
reduced. Thussbadsienenftaraghetise hatdsdie kivamgidn pf acheberopetietsf baviehe

singl eaxis ppyr Qachh SULLGSS: T Of) % FAITETEL AL YaNh abL ) SYSLRUD of
unwanted gravity components due to not being perfectly
level; also present, but not as significant, are (1ii)
linearity errors. A nonlevel accelerometer will sense
accelerations due to gravity in proportion to the sine of
30 the angle it makes with true vertical. Correction for
nonlinearity'is not usually important in embodiments of
this invention but may be corrected for, if desired (see
Fig. 23 below). Assuming the nonlinearity retains its
basic relationship with true linearity as adjusted for
35 changes in offset, such nonlinearity may be corrected at
each stage of sensed acceleration by consulting a lookup

table which is used to supply a corrective factor. If
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Fig. 36A is another block diagramof a specific inplenentation of an active
"suspensi on system according 25 to the present invention. For one axis
(e.qg., side-to side along the X-axis passing through the car's vertical
centerline), and for the other axes (e. g., front-to-back along two axes
parallel to the Z-axis and lying, e.g., gqgidistantly from and on opposite
sides of the vertical centerline), there“is a separate feedbacklQapsobiit

only 5 a si n9£§eé‘x{qérjes éBB’é’Q Eno's:rie%' £36 i8N Read %Teatdﬁ]%éc?é&ie £ signal
may be i nput onca I'The T00-and may be set to zero. The difference between
- the referensraightforsrarddy| waghleo cangtantegearestdan fa®efati on signal

on a line 1@&]‘%%&%@&5@& Shanahafged dviere tidd aMdl @b is 10 in turn fed
into a feedback conpensator 106 | abel I'ed g%%ﬁ. 53 2 %g§1é8¥4 The

summi ng j unESPBRAYabIres BHSRE /1 BSFonsCPET ﬁ@stéﬁﬁ%ﬁ§gt Putlahd to
gistErba@ce@yﬂ%mibemaﬂﬁéfectotgaef sg@h;@amqmdg(ﬂﬁi@ﬁﬂhanﬂesweﬁs msovideﬂ
y the system dynanics 109a and of _t irect .t | rbance, suc
as W nd for%%§?¥ﬁ ngSVngaeb§os?5?3%?39ngﬁﬁbgeﬁggggkf§§%i2%6 be

char act er i zedowasdingl awsel BEiWad yo sl oRend @icdrinGo fiseimdo rr@orrebl F~~ S
Sz t 2~P7JP, PZ.SZ l; agicer I GHE -0 Bk SEf50) Z(S+472)
Z, ~ - Low C%H%F(%A Egﬁdcg’gégﬁggé“‘?’(}g&/ g]gg’}gé-rlc;ﬁ_;if;h corﬁ,rol bandbfrequency
[rad/s] zo wigh-regpect_tg hhechped stweyhcemtegdiinesel Sttt @Y tP&t | oop
gain @2g~7aéne ﬁyG@bco?aaeanl;owa&ysch@ﬂa@@ﬁag[emjaﬁ‘énéf acdEenshtd tion

r esonant fregugncg %rad s% Zgh~P - Pendul um danpi ratio, The rst rerm
covers DC WB¥RbuP® £RECSLEENEPEs “PEr FFerdl R RSN Y St t WA hi r d
termis forspaatlol . Theeslleedbathk ngoipers atfdisets ddeh aasarsage ocesses t he
car accel eraj] i or, ty axi I act uat or

SR Ebhg et SNEbut oL iAo 7 S R 1

commands. In . co nd signal s provi on a line 110.
These conpehsaeops ishrdhe evidewedSAaddPiadng Ay @ Rafis e prepere¥ed (gain

and phasgg vgigggggugggfgrqre designed to neet el evator systemrequirenents.
T e O O Sa 1B el e S8, ¢ S e o s ger !
~ dynani cs asakl tHet katgdsi Bhawdl dek Fliefl, 2,ahtld athedrs) .ofConeepdtbbhyoft he
|07 ce o e) 90ae ity Moyl MBI L MDA Rl agheugBeCe 108
t he acceleration and position sensors is shown in Fig. 18.
20 The system in elementary form comprises the car or cab
mass as illustrated by a block 320. The car or cab mass ~
is acted upon by a force on a line 322 which causes an
acceleration as illustrated by a line 324. A disturbing
force is shown schematically as a signal on a line 326
25 summed in a "summer" 328 (an abstract way of representing
that the disturbing force is physically opposed by the
counteracting force) with a counterforce signal on a line
330 provided in proportion (K,) to the acceleration (a)
shown on the line 324 as sensed by an accelerometer 332
30 which provides a sensed acceleration signal on a line 334
to a summer 336. The scale factor (K,) of the
accelerometer is (volt/m?/s). (As previously indicated,
the acceleration on line 324 is produced by the
disturbing force on line 326 interacting with the mass of
35 the suspended or supported car or cab according to the
relation F/M as suggested in block 332, where F is the

disturbing force and M is the mass of the car or cab.
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54 23 June 2004 loop gain is made to be greater than one, i.e., in a region
about a frequency 7u0. At high frequencies, above 7~Z, the loop gain is
"rolled off" to neet stability robustness requirenents. At |ow frequencies,
bel ow 7~~, 5 the loop gain is "washed-out” to reduce the effects of sensor
noi se and drift. Based on the nodel of the pendulumcar of U.S. Patent
4,899,852, we performed an anal ysis of tRe” performance of an a%%ﬁﬂﬁe2004

[ 37A_10 d B |
dos gned ofhF | SBIEF -AZP eFoPEROETDN FOp aurmatrol ok itk Wi usitng
resul ted froorddadnahahgsBaé Angl sheoftouhéefrdedissclorc digehsii®drtgai n and
phase angl e%?éx?léé‘o nE{:e§BEEE' Bal 4 1ﬁBeF'3@§ astA R &r&thd Gfaddli S

parti cul ar 39 throu 41 summarize the results of a
si mul ati on %3®dy oTh@héuB@ﬁFo?ﬁén@éYoPrPHédﬁe§uFHQﬂ?¥nﬂn\Ra%U@%é%%?on

system Jhetéﬂp@efoféétaéﬂéra't@ks 340 @AGRNOMma he&efef lagtﬂxes&u{f@bel led (a)) is
the particul ar dlsturblng qut g ct car r%uér % } eThe 20
remai ni ng pPREREFRTLEEACOPEL feQeNEW 8Pé¥°§l"f’0w t e era%efo

response fototb@BBecnn&ngmnaéroasneahyapan@uu@wmcaHthﬁnnnrlgﬂm 33abelled

() $2) COMBIERRTBLLER! Abb@IBLakabh: ArAPBlLad i) hodiidh, %3

suspensi on usIin 37B 38A,
and 38B (Ioherd¢$gh!beﬂabeﬂpydP@dPF tPt1@&ﬁ@@§@§&9ﬂtQRHtQ¢N%l%%SQ

reduces; yhej ) eyelgeobocal BbAkaL®2A6a8). er ahieon Midrtddee 1orsOivent i onal
systens and_even those of the pendulun1car mnthout actlve control %g Fig.
he

39 is the p%%ﬂPC?EHPFé§5BHs§19@eHG?t3]8vn9 3girsald% thessopiate
predi cted respaese Eormsi Ith\eapn:ﬁem-y EBogitrél il dphergwdedi ot e'dnamponse to
car force disturb 35 _Test nconducted utilizing a half scale
nodel of th%“%?%ﬁg?gﬁogyngngsﬁéﬂ% |h%% 14A and 14B. The effectiveness
of the concept wabepdebeoripdign wf ilg--155502§aﬁﬂﬂ9%ﬁxﬁl?Q@&Eh@@ry

i mbal angg npgEntad aBLERe)f %g%%e&rpp%ewlo@sqyr ddddidusar di stamkepeesnand by
simulating a direct di stur bance force by méans of an actuator between the
frame and c¥bth Figs. 1-17. Secondary control loops may also be

added as illustrated in the. abstract in Fig. 18.
Shown are two secondary control loops which may be
used for nulling offsets in the accelerometer 332 caused,
20 e.g., by misalignment with gravity and due to
manufacturing imperfections. The first of these
secondary loops corrects on the basis of position
offsets. A position transducer that gives car position
is represented abstractly by an integrator block 342 and
25 an integrator block 344. The integrator 342 provides a
velocity signal on a line 346 to the integrator 344 which
in turn provides a position signal on a line 348. The
cab position signal on line 348 is compared in a summer
350 with a reference signal on a line 352. The signal on
30 the line 352 would ordinarily be a fixed DC level scaled
to represent, e.g., the x-position (in the cab coordinate
system 218 of Fig. 14C or in the car coordinate system
266 of Fig. 15) of a selected referent such as the
hoistway centerline (which will be substantially
35 coincident with true vertical, i.e., a line along which
the earth's gravity will act). This entire process is

carried out in practice by use of a position sensor that




.5 The feedback conpensator 106 of Fig. 36A was inplenented using a digital
conputer 100 as shown in Fig. 42. Sensor 102 data is provided on a |ine 103
into a 12bit A/ D converter (not shown) to be processed after passing
t hrough an I nput/output Port 104. A digital form 10 of the feedback
conpensator 106 was utilized to produge451 command signal on a line 106 to
an actuator capable of exerting forces on a car 110. Thfa Si gnal23pjrf8§g§§4)r
100 conpri r SS) it ayhead-an y , a
random 15 cé’e%scﬁém%lﬁg%gg §?§ggg%ﬁ%gggfﬂgt%% %gngy.‘gf_ gat a, address,
and cont r olfxaRe 1 04Bhe Fpymmen 330 RTPYLASE &t FEANBE {Nsér ilddSf3 X eps whi ch
may be car ket Utepyet B8t §i ORAl r81 9€2980pot@@ioh bifgthé2 caokiganpl e,
after entering in a ste 1%2, 20 agcel er tiog is sensed .in a.,step 114 by
nmeans of arf BrionetR?, TEARA aRASBA¥oPC1633 T PRESHAGEES S5 Tien comput es
t he magrs t uskel 20f i@e cooni eiant s vgnédr o biei ppkétdon egriohe sdyorert
conpensat i 06. 1 L S, hext ecut ed b _wWhi.ch i processor
100 provi dce]fé: %t%ﬁb‘zéﬁ%&ieé}gc i %Egéi aﬁgl Egngl }hg %ggmﬁﬁgﬁce?a%rgﬁée a
count er f or cef ey ria¢ingushmmedt ha aj giamresn3EPN¥1tbs aasd 9 lc@pr ed in step
116. An exifjis $68n mpde iBwapskerrizlerFhgs Hoviaws bheinasddds of a
test to evaluate the 30_effectiveness of the 1% tive system.i

o]

[ 3 n mtigating
direct car $iRak orna piBe 3RGWEPLRB FaRFES h&9 558%&%%&1“9
accel ergd i o3¢ ocd ee NAPPL L odeonf thBelihausabdab itheuicafrocae caer3 o sweep of

- frequencies. Th op curve.is the respan f. th ngul car_system

wi t hout act"f’?‘/te1§5£1§%388ﬁégbﬂnc8HFP5I.S ?Héibgft 8§1§(‘:’%?‘vg’%r ésrgﬁ?nsoersof t he
active suspehssentsyseemverifies the expected 80~-90% reduction. Fig. 45
shows a CO”P?r'SR“sgéoLEe E%SﬂhgkgﬂcontrglGlbo%?m%@“%eZQQQﬁddﬁbé§$PPﬂse
(via simulation in Figs, i an ) and the achi evéd (experinental) tinme
response (R ggositporngignaioisdppécFoRPNENEL YnidMidddi6i® Crhit® reducti on
in the _Sy.st@;mhﬁﬁaéi{;?éi ts‘.t‘.aleﬁl.}:yeﬁff Bheapobatien mrwﬂie:\te?:om_tml 'td .
conprom sing the performance of the systemin the pr nce of, .rail.-induce
di st ur bancesCCRt g.'ﬂlﬁ PPF&E%PBt 8§rf’ﬁe¥‘r18§’g‘gn§8 gfmtehé%gyﬂaé’mtt%usa R&i
i rregul ari tiyodsf Seduliat edeosuankesBsbetiywbeling sarateidngyiittbdltence. Fig. 46A
shows the 10. gnented_p ul ym.car. _r t 3 Hz r ency.
Fig. 46B isg%%gygggo%ggeo?g?hgﬂg}g i_\}g ggg’ggﬁgi(iq%yg?stgleéﬁnﬂ _Pflt%ca]{l e seen
that the negnichdésofnt kurparespensavat ten thes SHEBR 1d&dy dadirl 33fhus, the
actlye SU,Spsﬂ@i?é:RnﬁY%?EblsEHEQ‘tfi%et Be thde adelllerativmGeasddrlin the
acceleration as the_nmetric of performance in the presence of both
rail-i nduceRff #08¥¥r b9RPes and direct car forces. In any event, the actuator
command signal oanl| ereribeoas shewali pnFildned433dawila apferace conmmand
signal, as 20 preyiously.explgined, .an shown i . detail in Fig. 47,
as being ap H%ﬁghﬂ 8np}é{1rlpf°‘cé?2r ]%c la oﬁe\h?%\kllmna&él%ﬁ ,l%%o_r exanpl e,
t he core- coihdiaatiefieppsitigret errpiraces ldheridg4. argl aenz3g:c gains G,

15 and G,, a disturbance manifested by an acceleration signal

on line 334 will appear on line 322 reduced by a dynamic

factor
ST + 1
ST + (1 + G, - Gy)
15 This factor approaches unity at higher frequencies,

indicating no effectiveness. At lower frequencies,
however, this factor approaches [1/(1 + G,*G;)].
Typically, G,*G, could be chosen equal to nine (9) to
reduce accelerometer offsets by a factor of ten (10).

20 The position feedback loop offers the advantage of
very low error. Without the accelerometer feedback loop
366, 360, 358, 336 and/or practical control elements




In Fig. 47, the force conmand signal on line 106 25 fromthe signal
‘processor 100 of Fig. 42 is provided to a PWM anplifier which may be nade
by Copley Controls Corp. of 375 Elliot Street, Newton, Massachusetts,

US A, and called a "Class B PWM Servo Anplifier Mdel 218A" as descri bed
in publi shed specification sheet entitled 30 "Mdel 215A, 218 Servo
Amlifier”. The PWM Anplifier 150 is redponsive also to a force y%_ﬁg?g@(
signal on a |line 152. The PWM anplifier serves as an _el ectronic

. pol e-doubl eb?h?%v\P§ﬁF’FBﬁ FBlépﬁlo?Pamé‘éﬂ Soefey &%t SFERE1 | ETSUBENG56 with
a polarity ge&yersao attie sehbgtwsy dody Bbecyobetidnpabbpofiosteeidtagpld odes

158, 160 steer the LUt pUt. cur rc%?Jt Qn e'ftgg% LI%%#Q@’OQ{ @6%&30 t he proper

coil of the" correspondl ng rmagne Tng’ 2004
under st ood fhatctébnhandt ha ﬂehemm@ne@renmawtﬁsduﬂ hespdet eondgnet s

will be er Q%Egggt sifg a ¢ 9h tc'@)?lcferr%”e B My ?nchﬂae S hglegbenment is

erected on t tom's ace of latform14. In a preferred
enbodi nent , ebeRpRLE| E’éﬂﬂ-oﬁ’ﬁgﬁ’e%ei‘@o 1n132 PIREtdCedt Y Pre he PRt O of the

frame 26 whihea&belbeomeragne 1S makdhg &, f hufdbyoathac kedhanta thangi ng
down fashion to fhe bott%g}so e;fpla form16b. This is the case for the

ot her act uaPBFE2338N 944 &Rl 1. 10 In order to construct an
ef fective feedbaTkel coptridal h:-ecpeielssmfé@, J.h?Zle:y.‘dEd:efd aftrexdn | in theg hagnet i ¢

circujt pathgs Lo etji. ‘y%f
fer rg!r}ragnet ?% 8?& 1§§?§§§dt"%gﬁr tels e%ﬁ%ghc%oﬁe@f o corec %]s lt{go 132. The
Hal | cells RV@feIFdeﬁ@W—”@ereﬁﬁéhPﬁ’ﬁ ligx Fdiggndi% on |ines 174, 176,

respectively, torgedevi ge rh82-aWticly EM1RYy aday tidY Yty such as an AD
534, whi ch squares thé magni t udes of the flux si %fl}al s on Jines 174, 176 and

provi des a GPFPEREACEISPGAASTUAHRIOG: iTPECEF e TR thed eBLPHREN as

the force feaedbagkbafR hiore AccliyrAteAddigitallha cagpntfont dcﬂwmﬂ’ltﬁdgl n
abstracted orm | n Flﬁgs 36A_an %Bd"%%’ré ca}trrltd out NUMEL 0US
I

di fferent or ﬁ&mgo\ﬂﬁ"& % % approac TSI rct’me?%%? of Fig.
42, but a pAepeuredllapplocﬁa@mcms faetsmmnqnamagomaocsm ream@h!rrent of Fig.

48 i ncl udesgfBgsuGh mn%egeg;efctotntmfsr elvgzy%tﬁm machﬁ@raeoeﬂ&%' I ng

actuators on opposite side the car ntical or simlar to that
i || ustrat edoNf EPE. eash fe thes ranpest ivte a0ty@tars Rddt .OF 5%ot 254 of t he

car, and Lhe?%gar 3@481«5&{ em2f, 0r21t6h]?:rCQ|6|4| nga@mlrgela.r 14 é:@pl@)‘ tge car. O
course, the_funda pri pal_ of _acgtive contro e r|e out in a
plurality of€ 588? Eﬁé’d i 3’-;"’9135)?9? &ﬁ’ttre&" &G dﬁ‘gpr(é\ﬁacou% Blyg@st ed.

Thus, the cshhgdk degneaentceahtlmlabs:tmmrslmgicﬂeamme forgmahs 360 Fi g. 36A
may be Ca”hsddQHEnBe@l“‘E%r A ‘%'rfé:?m ant ne}?ﬁlo"?;n%cﬁ{ﬂéfg apgg,gﬁqch I's

to extend the sane princi p es as ose ree-axis contr
Fig. 35 to ang3og control responds to a force command signal on

lines 382, 384, 386, 388 from the digital contro;ler 380.
The force command signals will have different magnitudes
depending on the translational and rotational forces to
be counteracted. The digital controller 380 is in turn

10 responsive to acceleration signals on lines 390, 392, 394
from the accelerometers 204 or 252, 206 or 254, 208 or
256, respectively (the accelerometers being from either
Fig. 14C or 15}, and to position signals on lines 396,
398, 400, 402 indicative of the size of the air gaps

15 between the coil-cores 226 or 280, 228 or 282, 230 or
284, 232 or 286 and their respective plates 218 or 270,
220 or 272, 222 or 274, 224 or 276.

In response to the force command signals on lines

382, 384, 386, 388, the analog controls 370, 372, 374,



23 June 2004 achieve the five-axis control shown in Fig. 48. Al though shown
‘for a car, the sane principles shown in Fig. 48 may be extended to a
pendul um or supported cab, as will be apparent to one skilled in the art. 5
In Fig. 48, fast-acting anal og |oops for quickly counteracting disturbing
forces are conbined with slower acting but nore accurate digital Ioops for
conpensating for gravity conponents and 4drifts in the accel er ongf

plurality of such fast-ac |n .anal o ops A enbod ed an
ont rol s” 50176 56507 £ 26bUACABR" FrdeBaRIER fof e A4 th@%p @% the
car, and anzb ogheoobim'sSOBOBhe5ﬂ:6,1153:2:&51422f60101:| reddperidntdy BNt rol | i ng

t he fl oor 05%6 ggﬁcgéi gg 5§g@efég}r c%ﬁ%'ln%f f@\ﬁfclté@é ors 516, 518,

520, 522, respective roper interfacing
(not shown)attrathive @pgresl besWees the mmwawmcefq-r@%l@n%% to be

~described to-apglofroppall ebght 238akbed 28aNt RAlS orEad & agheppt r ol
responds to a force conmand si'gnal on I'inés 534, 536, 538, 540, and 542,

544, 546, SABSPFdRTEAereaclignt RLaESHtr oflEr TN CuETa thrgnaly i gnal S
Wil | haveI d!f:lfxé eé@ﬂlsﬁﬁgnmbﬂdtﬁrdﬁpbﬁrdbmr@gtt Ine;rt:rtamlmj :ctm.ail canda12
rotationa or t e co ed i,qit C rql. 2 is in turn
responsi ve o ‘gﬁel g}gt PSnHQ% gﬁtsé & tgg‘r;t‘és 4%1?2?03"554%& g@bl,&%néé%%%ée%a
556 from 25cuhrentcsligneist ens 13625 3688, 369, #¥® 5604 381, tHSE,

[ OSPEGL ! Vel YesBOHL0cPARLILEN BNERBNS AR d,! B9S SHha S ihe 574 Tid6, and 578,

580, 582, 584 dicative of ‘the size of the air ap s between t he cores of
act uat ors 53Wrreny sspgorsyPavakg.5249-528el32d Gt ¥herel BRpRct i ve

30 facing fg@épﬂﬁgngtlehalaag&oubhurq&@@nse to the force command si gnal's on
| ines 534, 536 and 542, 544

54 6, 548, the alog
control s 500, 50 p%@ﬁa(i%@é’ °§nﬁe§‘§§’r55f(§% 10 2 %yy 4pd‘r f%‘%t u%t
signal s on d:i-ne525864635r5882 5@0.iciOhavame 41 m159&= %00 ¢H the coils

of t actu 2 gz% i ng
nor efgr | essS é{etr ?I ve % ’al%%t %g%%%ﬁi%%lysé% teﬁ%ﬁu%‘%&&?&é@pec“ ve
act uat or cofeseapdot R r28§556@|8aped 2@ r @yt i28 %l Ffeks oTB¢ et LPH
current threodghphbgosel bs Eﬁro%'ﬂl'ﬂn % DhGWaten Bty i fusgevi ces 602,
604, 606) 608, and 610, 61 614, 616 which provide curr a\%nal S on
lines 618, $90S1E¥20Yedagngtdceigd u6"}8°n6§0(‘ﬁé:3f Y Y pet Peg'g‘@ 2 anal og
cont rols 500, e502be50é,en5@_&,e Fade=08f &J:& colkts Fnd the assoeidtsénsors
el | Q. I 3 0, and
642, 9§0 644pl%E ' ok v‘?hjﬁ?’cﬁmsg 5 %ﬁa?ﬂy ?1?‘@{ Sﬁe.q%itfiﬁt’ﬁ“ ‘??yée EED)
GH 600) areapeep_laere%veltyleaslsOC|T@teedie\m5tqueM0 an vetor £ e 0450 he
purpose of pk@vidi agzan '4%d'o‘iat4'5%npefo‘hta% fééﬁgéterﬁgﬂaﬁ SRINEhES

i nduction (volt-sec gap, ., .between the faces of the_cores

and the 15 éégcci‘*étzed"*ilﬂ‘ladéésor re@ﬂ%\f@éygt dtedhe t%‘af]t‘%& SFRMSFPYSin the
air gaps thgv@pegw@enwﬁhe Ig@NSOors 634 636, 638, 640, and 642, 644, 646,
648 provi de sensed _si nals on I|n 6 654 656 5 660, 662,
664, 8F’especti vel § fF(F R [N &§ %0 g%(? OF 1 %5%? %60 and 508,
510, 512, S5adonghehanglogaddryr @If Ea@mlmmn:gartttmlm Lﬂma t37Df 3kl 0g76
controls of off g34824 S 1 Trlcin ‘?:'ror'%‘?{&re(irfﬂoch%é LiphaRip, OrpRLer

detail in Flg hé ot her anal og cont e sane or simlar. 25
As ment i onetitheevipbgdiog comd rdils t3é?l2 cOMtérol 7% “EBQ 1?95 the p3Ee Vet o t he

gap signal sgepithe.l i e Fced Commarh s'ﬂﬁlaqnd;&h&mé%z 5§£om2814e as wel |
as the acceleration S|g nal.s on |ines 552, 558, éi(is 554, 556, for
qVO]f e

carryPng oufigithadofPmtcaldetnidd? af 18 oglgsolst:cﬁﬁ Wch 2sSUHBGA | n

Fig. 20, the7si ngkaeeaﬁlts ieorRiumdded umin @ igfndli ®n 3a6Alime fave Bxes, ai .
transl ati ons

Ion ri zoggal ax in b%\bﬁ e d of ,
rotations a88 gee§a WO T aRES T bosth th JH’ ‘%%gf %nd rotations
of both flobnnaadlz@ohontrol) having a gain selected dlmen51onally
to be equivalent to magnetization (amp/meter) and
35 properly scaled to convert a signal on a line 476

indicative of flux density to one indicative of force.

The flux density signal on line 476 is provided by a Hall




35 about a vertical axis. To be nore precise, for the best node enbodi nent

of this aspect of the invention, we are describing control 60 23 June
2004 actions with respect to nine axes, i.e., tw translational axes and
two rotational axes in both floor and ceiling and one rotational axis about
vertical common to both floor and ceiling. However, if the horizontal 5

axes in the floor and ceiling are approxi mat ed for descriptive @31319192%@4by
a single se.qf Qﬁx@'ﬁ%’l@ij AP El.{k%kc{ntgy"aﬂo@ﬂ Vﬁ?é',,i@-\?ei%fa“
r cab, then pea 0

bottom of the car WwWe can s of "five axes control. In

this way, f&heasggnpdserof dda& i4RA Varagt e Hakk igml L 194 HuPrndé8by way of
limtation, regargleeshmitler! R&Rgrtdliddd fd masscoret ek & h@reof ohnat he

structural ¢qQnnection between the fl qor, and cejlj we view the car or
cab as a SolRBSoAB: AT A IFOPRRHLAPAL THFRITAL Kotk sl EH6F aft At e

syst e W t hwhiishoprgviidies tahd-emmgrl isficed S isyriF leoin tp 1imasiasi bnsaal ong,
and rotatio e i a ' rtical
axis. The f%ﬁggpl otr?'r?gﬁll% sc'{bgﬂrﬁaﬁ%gé&?rbo{ﬁ t h%ﬁ%%%éaﬁ#afgﬁﬁér%g%d§g %‘he car
or cab may Bédrgagesamsds Signadx@yplae,line f4935tvhidpleongrehe Shased

position (9gR)ifiydRdd d MO 216N s Ad@nd {he aXGsrPb1ibe ¢ahtesian
coordi nate system 30Q “of Fﬁ@x]qqﬂ‘m' chwoul d be located with its origin in

the pl ane offtRE PRd®T & PSRy AP iAFR i peRBRNt contr ol
system i s berdyidetated)ilaerdd tfiaigipairidins siymdl foh | &W iR8 PEs to(P~ +

P3) / ( 2KCS) , PZ P4 2K  + P-. + P 2K P3 +
P4§/E2KCS§ , tg)é_ff’(‘%i" )3“/2"(4 ﬁ*’g‘f’)‘f_h (?i @’%4)9%1%2#‘?%%%%%&%% t he
above, conpstinggd eopheeiegcttivey-gRgdrant arfhNo-Waws cEeRgerwer specify the
absol ute POg BV%%Egﬁfﬁ fﬂY%‘ﬁg?é) fﬂganvefﬁéyanQPfg¥E£¥€d gWeraBHeEy+:

and P~ and Po_. , for exa , ;crjay be conputed as follows: Px = (PX+
PX )/2. O, d5Agreat sadedalixwage senverdsamy ngvh 1@#aeh Buakerredi s
smal her. (Nebgb it ilol 8RWA e ia Bnef@ladfantey ata Pr4wd¥e PX_Thehe value is
likely to b%ohﬂ%?%%f%?%f?&%t cost savings in using these non-
preferred approaches but the dynamic performance would be
significantly degraded. An inexpensive, one-quadrant
system is possible using a DC rectifier and a transistor
20 PWM chopper. The highest performance approach would be a
full-wave, two-quadrant, three phase converter but this
is not the preferred approach because of cost
considerations. The two-quadrant, full wave converter
494 of Fig. 21 may be made up, for example, of a pair of
25 Powerex CD4A1240 dual SCRs and a circuit configufation as
shown in part Fig. 21 (not shown are RC snubbers across
the SCRs) and a commercial firing board 253 such as a
Phasetronics PTR1209 which is shown in Fig. 22. Gate
signals on a plurality of lines 253a for the SCRs are
30 provided by the firing board 253. The power controller
252 is powered with 120 VAC on a line 254 as is the
firing board and provides the proper level of current on
line 180 in response to the filtered firing angle signal
on line 250.
35 The signal on the line 428 from the current sensor
412 is provided to an analog multiplier/divider 504 (such

as an Analog Devices AD534) which is also responsive to




- 61 - 23 June 2004 may be discarded). The resultant conponents are used to
determ ne position-control force conponents FpX, FpY, F~ as illustrated in
Fig. 48 on a single-axis basis ("P' stands for position feedback). Px, for
exanple on line 348, is 5 conpared to a reference on line 352 to generate
an xposition error signal on line 354._This in turn is passed through a

| ow- pass such as filter 358. This prOV|é%s an Fpx signal. For O@
resol vi ng “Eﬁ r%{ik&w %ﬁ&ﬂi}”ﬁf‘%ﬁ@f%ﬁ jin& pp@lfayedioaeenbstﬁ%qu' re
Fps=Fp3 ( § (‘cos4 . For af or ce,

F~=(0. 5)(FpX?BPéG§@9 frifhe e Qxﬁ&ﬂﬂ%?r%&g%%“?o??ﬁmEH FBP Fps, and F~
using, of coargRetudke PIMRPIiRAIE dsuaitwnsigidlisent bénkorge aagponents

FpX, FpY and 0 | d t p2, Fp3, Fp4
15 ccor ol ngLE IS H) 1 i Corpl 8t & dekomst EhOAPTBRE ERBretRin"Fyeg ™
(Fpx+p pr prE2r=teKES)o v(llﬁrx t)hEFBBIgr(aKGS})l(n§p3<9§ quack tBiCSh)a ( FpX_

Fp~, +: F~ = oF~ +) F4 =
(chs ) ( F~(16§%‘&( &&Eéﬁ&% j&f: : ;évgcgf) tlglz 3 :)(KCS)
(F~) F4 = (m@spl(tmde) afher gp qadr@@ Wsﬁ@ )me sferes9t= 0. 707,

which are then @@ygaédgjfpggmhﬁaxﬁﬂéH§§a£@ §£35|gnals Fi, Fz, F3, F4 (such
as the signal on_line 364 or_|ine 382 of q% g gerat d ha t he _nmanner
18601 ranEseide

previ ously descrﬁﬁb@e391QQﬁﬂnQF?ﬁﬂ9¥§&¥2e % Hat | Fgn &n3f8adi ng
wi || 1enl y bdsavaispars o ao titee fdax sbnsats ab the 1ypesBG9desGBBbedif
its a5500|at f e ag r a

processi ng aﬁgdr%t ﬂ]%ﬁ%ﬂﬂ% é%é%?eﬁgmﬁ%%% ﬁ% %ﬁ not Bhg%§g§re nmagnet
coi | actuatﬁ@@,c@ﬂ@mﬂ%ﬁﬁmwﬁﬂ#ﬂca¥¥thml¢¢%naint@%@hﬂhgtépnoﬁﬁthnvent|on is

that the 35a%la%tgr @mﬁ%fs By B Uspsk theant IRl Fige @@SI thencehttia car
or cab at stops, ‘e.g., to bring the suigﬂided or suggorte car or cab to

‘rest with réé’ﬁ’éé’tlc’crk? tHe Fihnel8 - 62l BRLRHLCHIFRNGHAFENENIOERE of f - | 0adi ng
passamgers. sdfgreQy S tHe ﬁimlsmpmpram F3gs if, ekhetdiygithal

controll ers _380 532 of F 19 and 48. or |t| nal si.gnal. .processor
may handl e S48 Yfﬁﬁéﬁjré?ék% f § g C% gng a% st oppi ng
of cars and Rilgs dﬂspaﬂuhlhg,o¢u©m1$1qn¢ﬂ$hetm@@@hogesenppﬁdg1ataa floor, it

may receive Artd Gy a3l gfglmg@lfiﬁe&rmansﬁmguéhmahl ¥odeh rtmed but

simlar signa icating the car i's at rest and wll then provi a signal
on line 22 @@nﬁﬂn%kQHQKﬁt?ﬁﬂ?ﬁ%ﬁ?%@ht%f°?¥kﬁ%ﬁs§%ﬁdﬁﬂs6Fl§ﬁpported car or

cab. 2b0 repemoatl%d@@a@wcmnwethéf dHEE LM @éﬁgégrmaoarom@ @nal4C is
oriented in the _hoistwa suc hat % { hgng mé g q of the cab
represents FH@%%%T&?%% %é ﬁ% 9 % h ?ét §$°d88r gﬁl 700, then
t he associated respectlvely with the actuators 212 or 260,
214 or 262, 216 or 264 as shown in Figs. 14C or 15.
(Note: These are the Hall sensors used to find flux
25 density. The signals from the position sensors such as
sensor 440 or 448 and from current sensor Cl, when
processed by the divider circuit 504 give the GAP1 signal
on line 396. Similar processing in the other channels
yields the GAP2, GAP3 and GAP4 signals on lines 398, 400,
30 402.) Such corrective force signals may be generated,
for example, by first resolving the sensed position
signals into components along the axes of the Cartesian
coordinate system 218 or 266 of Fig. 14C or 15 as in the
equations which follow,

35 P, = (P, + P;)/(2KCS), pP. = (P, + P))/(2KCS),
P, = (P, + P,}/(2KCS), P = (Py + P,)/(2KCS),
Py, = (P, + P;}/2, P, = (P, + P)/2,




15 signal processor 20 of Fig. 16 may be programmed to provide force
command signals to actuators 210, 214 in order to provide the attractive
forces needed to force the suspended cab up against, e.g., stops 702, 704
nounted in the car frane 202 so as to push the cab sill 20 into position at
rest with respect to, and in close allgg$eat wi th the hoi stway entrance
sill after the frane 202 conmes to rest he nethod used to accomlihrdohe
same is shown in Fig. 51 where a stop signal is provided in a step 720 25
from neans §2@ thhhechbaspdoen fber pdoaeod danmHel 1 cTes3o¥esB2ngnPan

addi tional pol g EONLHAldH b tifr Ypd O Ohe CABSI1HOE HBLEEALNY the
car frane ha¥ come t% rest, providing a stop_or stop conmand signal and, in

response t hefetBe SATaEuSEs? 75X ke PRRyFbe Aot @800Fs 3R 0Pand 214
acting in cgngepf). prayidesraaxamplal,i mgysm@waionqmmabm ifoBlevep 726 for
caumgg a suspended cab 728 (v\/ml?;‘ta r’rgé> rcgb%%O) to cone to rest with
respett to the car frame (which y “fra J such that the cab sill is
adj acent to the haII sill and tionl ess $5 re ect the et A simlar
Set of 'stops 7300%738Mea e HGHtIeH T dhen ASRAPAGHFOPR HETEH of Fig.
15 to be pugheftaggi dst small@e¥. ZJobene E&ﬁﬂé&aﬂ@b agapsy | Are py ofer}ure as

t hat of FigScnbefIIo h rsto | t h a
preferred e?‘r%ﬁgl n‘g txh'e Vﬁ%en#%% ﬁ% ?llggéye 8 rgosrz}gahg'?&a% t}%@
noncont act myyebacﬁaat:@rsieeidd iThep arasudd aart ¢qmml®ﬁev\hlﬁﬁdat0

Suspfaded anéapm%teeg oS8t iU AT YR SnPSl i LTS8 sueh as argsshown
in Fig. 15 1n_conjunctigon wth hoistway rails, it is al sd™*pos¥i'bl

enpl oy cont aé?-ut-"&ﬁétegct%r\/g%tdét&“sa FomEhenA ks bagts 10789 §ﬁ6\%§s

st andard rafbr7585a&:h@@1h&tédd®a&:]d)al Steyay fol Iex%i@ll@awmngmhr ema:,onmct type
actuators havin S 754, 756 758 i t UI di ng an
el evat or caF?mEgﬁ % r?O\ﬁsef(?r{ee §° (He lg'é} rt{%%stéi%gér?&%g aV| ng wheel
754 associ apedlthene‘_mrtdmra(sm}madd ot ldinteh 3b 40| hfvi gl i7r82t1h3alm hg a coil 764
SimLar 10 Bablbh vee’g'r%gw 4 P iR ddbrh ! Lol EOBgiet | CpggLuator of Lhe

previously |sc tact pe. The ot her wheels 756, 758, would
have simil aPr§8I1éﬁ’-§'| @ Fopctignald t HYRWIRPOS®S RRf cFRFRALVEREKthE Fig. 49,

it is, of codpBered! Mﬁﬂ@r&@r‘d@ tice rarqsﬁadﬁtm £Srd®r £s gpkgdaitanl, s for
~each eI evat or car </6hn an el gvat or §t ui de and st b| |ize the car as

it noves upfedsio ﬁ(f’Pﬁé 850 GGi98eVai | ? Sftreel s mounted by
means of spFnggat;Zﬁo oR) thpt;);tacosypl ¢al I Fhisdeame precedurd amaywelance and
not i cont h an at ed 0 o]
Pl al ongoHR EBed Tt dar pulh e ¥ 041 OFnEO5TREe Fhby sBprisitd

wi t hst and aeguaMtdohsr.ceSThusat they fraras thmmnerﬂéﬁ 1’3,9: eRamphe, Fpormay

el evator opgeatan deh AIIUULSRE diaeneral, Bhe gu darail can be
e

of any shape capahl e of constral ni n, the evat or’'i n ‘?Zt At h.” The pr obl em
t hen become&CSFPRARG ttl’?b% YL §4t it at4ABSrd for such
rails to have an
et Fp = (KCS) (F_,) F.: Fp = (KCS)(F,.)
25 F; = (KCS)(F,.) F, = (KCS)(F,.)
Fo.i Fp = (KCS)(F,.) Fo.: F3 = (KC8)(F,.)

F, = (KCS)(F F, = (KCS) (F,,.)

WJ
m») Fw_: F, = (KC8) (F
p<>+) F, = (KCS) (F
where F = force, and

KCS = cos(45°) = sin(45°) = 0,707,

which are then summed with the acceleration feedback

Fgt Fp = (KCS)(F

F, = (KCS) (F

o)

o)
30

signals F,, F,, F;, F, (such as the signal on line 364 or

line 382) generated in the manner previously described in

35 connection with Figs. 1-20.




35 inverted "T" shaped section, wth the el evator car having three wheels
riding on different parts of the guide rail typically in the arrangenent as
shown in Fig. 49. As can - 64 - 23 June 2004 be seen in that figure, two
of the wheels are directly opposed, while the third rides on the bottom
foot of the "T" between the other two._However, one problemw th this
standard inverted "T" 5 rail is that it Weighs a relatively sigssfie304

amount in conpar igoRHR 1l %étfﬂlﬂf{%@%é@%e\ﬁ%ﬁdﬁ@éié%n“i‘&ﬁdi‘ﬁ great a

rati o of strqngth to wel ght as nay desired. The present 1nvention is
desi gned t oWaddvicddYaks myoved i feon dire dekigrsendPEh ehnthentepe at
lleast 10 t hgese¥a RIDWHL s SitLHdoaddted ef Gty Ayth£66rWekgBkigy O at

| east t ' hi gher st th t ight ratio than that of t
St andar d | nOERVER " THROE, MEANT TS VY QORSTHC LR L0 EPROMSFaBe (i 1

not egual otlepeadcert) wworunthetfheyti cianmet arives¢ adord i magnenh comidrol as 15
achi eved bya%@:%aﬁﬁ?»?ﬂ?@:’ge&ﬁéesa&ué%gt.deSi gn. Moreover, the inproved design

is particularly su se suggested in Figs. 5 and 7. Although
ot hers, incl udi ngtasheludid \ae gfeahizedryhat gt rgapfsidivabfeont dinelave

suggest ed ohler &R | GWR20 dd Wui®Ld horSki dea ey | . s {Rp18xaBBL e cANe
wth a "V' shaped section with two wheel's riding on the exterior, diverging
si des of th&SNPOX MXl¥-e. g. U S. Patent No. 134,698 issued Jan. 7, 1873 to

Charhes R Qis) arcaeididfidhEiseceddhing bef i @vedinfeantién ashtrse the
desired 25 Squblaati o 81c St nol WLIh @5 aa0cd & sLiengbhf g uebghtycati o

as achi eved St t I On.  Anot her “conf i gu onRhown i-2%a
round tubul zarshapeaksiati |ssrops, e Py pe, tduer img sthikesiyspendedeneral |y been

neceseary. CoREY e SE  aha e o ror S o ey TR BF LS or
further exaMpiide ®nhand Hafel QBHNRRAFFRRIYES | nVeF t eBUrseat TB6t t oned,
i nvenbed "Usiyrah dbdetiifor f beid. sHaPene adly frd PCéaRPbbaletubgbar
shape. 35 For, further background or general information on_an _overall
ol evai o caPfliidt Systim AL IR | FOEEhd T FEPTeT aPPEneAMAL e th
ot her parts aﬂkiiitlhearei]e'\f:a{rd:rrol -ffiict i @3s Jsmeh 2094t sy s eart usgngntihe
;L ongend Plyalebe baskoled S dthatsnnd e amLe o) it elt
Syst em wi t h Chsrce @ IQHtPHAIY At Bcklepo, therpregesrer 20 of Fig. 16
20 may receive a sensed signal on line 18 or an
algorithmically determined but similar signal indicating
the car is vertically at rest and will then provide a
signal on line 22 to control the position of the
suspended or supported car or cab. For, example! if the
25 cab platform 200 of Fig. 14C is oriented in the hoistway
such that the left hand vertical edge of the cab
represents the cab's sill in alignment with a hoistway
door sill 700, then the signal processor 20 of Fig. 16
may be programmed to provide force command signals to
30 actuators 210, 214 in order to provide the attractive
forces needed to force the suspended cab up against,
e.g., stops 702, 704a mounted in the car frame 202 so as
to push the cab sill into position at rest with respect
to, and in close alignment with the hoistway entrance
35 5ill 700 after the signal processor 20 causes the frame
202 to come to rest. Or, the stops may be part of the

actuators themselves, for example, mounted on the top




5 exanple, U S Patent 3,669, 222 issued June 13, 1972 entitled "Guiding and
Danmpeni ng Device" of Takamura et al, and U. S. Patent 4,754,849 issued July
5, 1988 entitled" Control System for Elevator Cage Gui de Magnets" of Ando.
10 As can be seen in Figs. 53 and 54, the preferred enbodi nent of the

| ongi tudi nal ly extended guide rail 1 of ,this aspect of the present

i nvention includes a base or blade section 2 with two, pref erabj

integral ly fQraRdordicher Q_Ie@_,e %'cﬁde%d%r d£Ghel ditd éﬁ'@wﬁ egs ££ c{;m 5'6“ g i n

15 end tab portions 4. The "end portions are used for nmountTng and
f ast eni ng t ABCButhat &inl aPPtld]t% ablﬁelltﬁ%%tcr‘l}'c'f%ﬁte leyrl t fRr dFver gi ng
| egs form bebuesn hhemtar\a@ﬂiv%fo%s:e:ars f@eﬂﬁ&ﬂ:édﬂ thee bS, three guide

wheel s 5A, 5B_20 and erface t.h t b or blade section 2, in

S| ar 1 asRRGAIEAETEN: FIHPRS P HE b FR Ph oA PR gui de

rail,5as il kaattabadpilatiesy. Far ‘Eheictuhiee-;ﬂmmﬂ et S0 5w, amel £B bear

agai nst thergpppagd §da91 3 Of ithe t%eo‘E{ﬂ & theeiplernmediate

wheel 5C 25 gears ageal NSt the di'st al %be b? fectl on. The

conpar at | ve°§h&ﬂ§@@erlmstt|h@ Wlﬁq’@y Fucéhéﬁ@tarfélet hJeEftf hand peert bcabnpar ed

'Ng Wflet al( I66| adbeeoehegﬂa Q:fale:chepr@erit% trtgleetrbﬁ'@mﬂy f’ﬂﬁ) réhérhﬁfezgﬂg 7f2/ %80
on . rai or co rative pu e es an 0

Fig. 55 gi vglF[F\}Z%‘cBPIlE‘M@Hdld@’rdl i'$fy fﬁlﬂiﬁrq'bﬁ)eﬂ%é B¢ he two shapes,

showiLog t hatverkécadr edseorid rg \t—rfehmecmrrreeplmcaalicjmnmie&eﬁth prior art

"T" rail aying I, of .a pejgant Thus, as

can be furt%gﬁség‘% e?] %ﬁgr&]ﬁ%ﬁlh%%% ape of % nvjeéltl %

“slightly bepregrﬁmmeelcthcorprmup?@ thagwe [emmnaiel cﬂ)xqre@,#ﬁ)nm nﬁgctluehrape and

yet weighs ehght 968 (18%rdds’ GRNpdRSHe Hie %‘%ﬁétﬂ&@%@f@é@ Pheqe§b 23
June 2004 both'shapes are al nost the sane (Table 1), nanmely, twelve and

seven-t ent h§OcEREFRetdes HFRANARD S3P 89 AR IdBH i fet®rs 920 Bk x 8. 89

cn) fer thesIsahapented tiw rﬂrﬁera:aexmh&a{el%zc@ﬁlwtw anbs'h niwe amd 53/ 100
5 centineters for th Y- shape. ted that all

resent | equPpheni "EGCRoR iah AP ki N R S s 28 B elStefc .
used at preséngnwenir mmtsmmmmy ceartraalrsm el Lis el 4vi & fitethetye shape of

the inventie Wet Qyt is also 10 noted that the | egs or
bl ades 3 of a 23 can be use%%to ‘support_ wheel s or el ectronmagnetic flux

as shown in F| g . The, mprdod dlegse toadcs B Linh iHharfanm tarshewn oined

instegel ml kggi.nspi eee%eofde@,%&um heneh,id Jorfiei®i ¢h WbeK oplfg angs 88/ 100
meters (4.88 nm each. Machining of the blades can be done eaS|Iy in mlllng

or planing machines, in simlar fashion to that done for the "T" rail.
Cutting of mati nyesham atirt hheerfibramy ity |ddsg-ight il asf ian kbéret '‘nédehaped

9$§, dgh;aielj Pﬂl&%‘tc%'é % Reddieluded 20 0 A Bl £aSYsfendlat e
P cab paid considerable attention to the details of that

particular embodiment and taught how to carry it out

25 But it will be recalled that we have previously indicated
that there are any number of additional different
approaches for carrying out the subject matter of our
invention which is active control of a suspended cab.
The fundamental principle of active control can be

30 carried out in a plurality of coordinated single axis
controls as previously described. Recall that Fig. 18
illustrated the theory of operation of single-axis
stabilization of horizontal motion of a cab suspended in
an elevator frame. In connection therewith, it has been

35 suggested that an accelerometer may be used in a feedback

loop to, in effect, increase the cab mass by




Figs.. 56 and 57 are still other illustrations of an enbodi nent of neans for
carrying out the present invention, in the formof an "active" roller

gui de, showi ng details of a roller cluster 1000. Although one 25 of the
rollers (side-to-side) is elevated with respect to the other two, it wll
be appreciated that the roller cluster é%po is arelatively conventlonal
arrangenent of rollers on a rail 1001.

mever we are only a T Zﬁggh
- clusters beémgcu%ﬁe%%%\e%hy e @1% £ uzbr?é) aPéé %

cluster used mnt actuators. e cluster S|85 gui de
rol I er 1002X§HHLAESRG t16’°5’§clﬁ‘ag’wb@e us§d é%“s %‘H@W%m The roller

cl gs;er 1ooacca1mgmm@ro@f¢sl@a;%e Iélt&%] e 0QB8 Wi Gdhdws fd X)?é'l'ihgt%e@-n el evat or
ca rame cyoss 35 own The quide r 1001 w e a

convent i ona OSE gﬁgﬁFﬁ h P& Semey &ﬂﬁ%ﬁﬁ%ﬂﬁqé)ﬁﬁ%aj 23 |ShijEs ab10 for
secur Bment eoenhéuh@hstmawdwabbsmb@ha varld da afl addl by £ w2004 1014
whi ch projeg%qughg-gge hoi stway toward the rollers 1002, 1004 and 1006.
The bl ade 1 as a distal face 1016 which is engaged by t he side-to-side
roll er 1002) andTBpd&iffac@$ ddagram sRvake @ypapstey imhauiitmtscalédback
rollers 100d0and (896 owkhe guide rail blade 1o0l4 extends through a sl ot
1020 in the roller cluster base plate 1008 so that the rollers 1002, 1004

and 1006 can engagecthealiade o¥0t4 b mastoelegrd y in Fig. 57, the
si de-to-side 10 roIe f 62 |§ ournale§ A%&fgéi Which is plvotally

nount®d on a pedEEFEP f@ZASvFﬁeadﬁﬁﬁéFbﬁmﬂ'ﬁ@ZFeiThe pedestal 1024 is

secured to the bmse plat ent0R8ssThe khek s idee wdgs a cup 1028 which
recei ves one end_of a.co rlng 1030. The otEq' end . of the 15 spring 1030

i s engaged by a SBrind® gﬁk& PHESSRATERSi ct¥d TS AP a
tel escopi ng ball screwanddjustnent device 1034 by a bolt 1036. The adjuster

1034 can be exte r d I h he | i nk
1022, and thus oﬁg?%eq%oﬁ: 5 ﬂ%%% eﬁ%l\(}t%%éntstp%%g (%%%}r%llheg bal 1 Screw
 devit® 1034 is nount eHSéﬁ‘JatbleeﬁlcsieiGgatb@lnt eanet c‘;cagmaaltlftafr nfG040t whi ch i n
turn is secured to thepbasgrphate =108y brackets 1042 and 1o44. The use
of the platform 1040 and brackets 1042 and 1044 allows the assenbly to be
retrofitted on a conventional 25 roller guide assenbly directly on the

exi sting base, phatenéO@BreﬁbenQabbuSQEGW'd@@iQQtlﬁ%éd s ip@wer ggk by an

electric DY 9L, %84§he ag%ekc crew, ggggat%r ag§§tfﬂ§tc§fdéﬂg}°nn6Ct'On

with this invention can t 8 né F & m- bt of Box
11, Shrewsbamr§, FBOGRRAkIer $bgn0¥z02btdha a@t@@p@demamapnuauh(tU]&Kean AC

or az®C rmt@ist@?f)hxl\lgf fWQEEh é@bZSB‘fabbé‘%%oUz%E%Gth QN 2 $d gﬂm C%{ Rogation.

The Mbtion systens 152 actuator has been foun
particul arl EEP?HS?eaFﬁﬁvﬂséopﬁrPﬁrsWPnQéﬁtﬁ@ﬁuth§§e9&@ﬂk@b§HthGi35 the

AC or DC nohow dPd46iatkachadoia eegaatibadynchctRdlrieli e Weathe
LoaaTtLor, @i dth¥Bahle, PELL O hYS (36HUF80LSBaY AR iy AT Serew
conclude that if we proceed along these lines we will at
25 least have an order of magnitude improvement in ride
comfort.

Now, assuming a Ka of 9000kg is desired, we can
assign an acceleration scale factor (ASF) of 100 Volt/G
and a force generator scale factor (FGSF) of Ka/ASF which

30 is equal to 9000kg/100Volt/G=90kg (force)/Volt or 882
Newton/Volt.

An electromagnetic actuator such as described
previously may be constructed in a U-shape as shown in
Figs. 29 and 30. 1In Fig. 29 double coils 300, 302 are

35 shown which fit over legs 304, 306, respectively, as

shown in Fig. 30. The ceoils 300, 302 constitute a




.23 June 2004 cover of which is shown. O, a brushless DC notor may be

provi ded. Al though shown only schematically, a position sensor 1049 such as
a potentioneter or optical sensor nay be attached to the car frame by
attachnment to the reducer 5 1048 to a lip on the rear of the spring hol der
1032 in order to measure the |inear extggsion of the screw. O course,

ot her position sensors may be used as well. The guide roller 10 i S
journal ed g wtbes 105AAAELCANES 2FRUBHEG anaas%mewi%bls%é@fggﬁf 2682
in the 10 gﬁfer end of tﬂe | i nk 1022. A_pivot stop 1054 is nounted on a

t hr eaded r dd-905%° whi ch&xt BRdENENFBEdn382pRa¥a§a@hosd o R Ere end
1060 of thewpenkkstith1924. tihasr od ¥026AWs magewedwikico aa Rore, 82 in the

l'i nk 1022. p is rab selecgti engagenent with the 15

pedestal 1 %%&?i Fn&‘?ééﬁ'e egﬁgn? %ﬁaﬁé\c}e%ﬁ% h%?’t’h %Irigr?lz{afw'i % he

~ countfr - cl cekwintkex] ex¢ed oponbbutucthenpi A210A6M6addmtimartdforse fdde tof he
tent of t st h | ks L i : iy il,

extent of MVE{ERH SQ;E% St58k! e4adQln iﬂp?ggkﬁgggtonTﬂ@?ﬁﬂ%ﬁﬁ%}gﬁﬁra'

which direction is indicated by an arrow D ‘pedest a ois forned
with a wel ISh962 EBnfi¥ni 79 Bakebfet fEXLEKRBRLIEO6H=Mi-A6Fontains a rare

earth conposgl. s fawpr c+m 698l bniSpa7l apemear th epaROWAL Mhighy May be used
in the magnetic button 10?& A fs}t el . tube éogg Whiﬁg‘ %(F)‘ntai ns a Hall effect
detect or (rots Shownye pYo%ifePs Prd ShBS18% ¢ dNAYGHREFS f B Whssage

whi i ext erfiisch lweigihs t 2. Pkgkat@22s Thpabhignefi exbuttiom B and t he Hal
effect detggt o forma proximty sensor which is operably connected to a
switch controlling power to the electric notor 1046. The proximty sensor
detects the spacthg'@oupet seeh fneehaghtenaghaticnactsstend irhe st eel tube
1068, WhlCfb&h@ﬁ@]ﬁm@{]@%éxﬁOéﬁchthdaéééEQEeer?ﬁ\@%@thQypb\éOtca%F%Q{ 4 and
t he pedestal 1024. Thu s the tube 1068 and its Hall effect detector noves
away from tHE feghede 1 g?ytﬁﬁ pEvBPNdLng §652 ABTREntoRdrd SAYe fedest al
1024.5 35 Thesalet ecThe pimdutelanp sbghavepoppar Eudbalkoieet hgasi,zeof the gap
between th t netjc_butt 1066 ich si.gnal js used to
control thgygfég f?%nﬁggo%hga%gﬁgg géﬁeggogﬁ Tﬂ4gaﬂng?eﬁﬁiﬁ%§%ﬁgIa%crew
1034 j ack ik cerreds of pblewshébhiafl d02Rhandeltoatlion ¥680RAiy/dkar:d or away
fromthe rail, as the case may be. Depending on the type of control system
enpl oyed, the stoptlé58Anmdvbe=pr dventdd.s)f/r(amogont=actimgsc at | east
prevented from establishing prolonged contact with the pedestal 1024. This
ensures that roltTes 4D wbldecobbpnaell orbecdapped Rpwtba)spri ng 1030 and
wll,ot b quge o] ate, 1008 by the stop 1054 and pedest al
102£.d18i deﬁ?%{%sl e gScj'aaélt f%g&%i)aﬁgu?%eﬁgér by asymmetrical passenger | oading
or other direct cdt forldes/4e atso(la?yETtya)/ 657 dkti ohBdrsehe el ectric
nmot ors 104G £afe, reversi bl e notors whereby adjustnents on each side of
the cab can be cgordipated in both directions, both toward and away from
the rails. 15 ReFR® riHee now 4@veEler. habt Eorapdvwerldiaé peumsendpeof the
front and hagke rend ef Snd004n 1986upacy henbase phpt 81dAQ8 Wil hoke o arifi ed.
Eac%srol I erfl‘]]a]rCE:Ms 006 is m)ugéﬁd OQ% link 1070 connhected to a pivot pin
1072 whi ch ZHF TR FHRE I8 « HES PN ( RERRERE  ERGt Ee20 08 t he
roll er 1004etha8) the egad Oxifd ofetdeal obtlees AHO¥ord00h grephBganed in

adj ust abl e i | ipnks 7 The pi LD.1072 i s nounted
in split bufscﬁrﬁ!ﬁzise%%%]r\?m#ghﬁﬁsé sggt e%pi%mglgr%%Ves¥§%8§£g6P%dpPHe§ base

bl ock 1084 nP %P JGters Miatad Mgy ahl eved bl tiedl @8pt og@hkeavemagiee base
pl ate 1008 pdvdt atarsid adxSedt e 24988 (S8 r &k na®)yi $2804Aked i n a space

108% (see Fig. \5@(6% nd has its outer end 1090 connected to a rotatable
col I’ar (not sho T GG (R SR el geiis tiarati9pe . shBanpagsunt ed in

a gear box df0%he Wupdegent duich NamhSelectromagnet is 14.86 kg,
having a specific heat of 0.092 cal/g-°C (=385J/kg°C).
The change in temperature for a sixty second application

of energy at a rate of 500 Watts will thus be:

35
AT

it

Watt-sec/ (385) (14.86)
(500) (60)/(385) (14.86)




30 rotated in either direction by a reversible electric notor 1096. The
spiral spring 1088 is the suspension spring for the roller 1006, and

provi des the spring bias force which urges the roller 1006 agai nst the rai
bl ade 1018. The spiral spring 1088, when rotated by the 35 el ectric notor
1096 al so provides the recovery inpetuscpo_the roller 1006 through crank
arm 1074 and pivot pin 1072 to offset cab tilt in the front-to-Q?ﬁ&62004
directions caused 70 R3 luge,2084 by front-to-back direct car forces such
as asymetrical passenger |oading of the car. A rotary position sensor (not

shown) suc er. r ER% é?g provi ded
5 for fquP??§n ﬁgggunct?g%@g¥ P%gsgghggﬁb f é%? rpllgnensor may
be attacmaPQMe%nenE%H fort peecpanrtarm 1074 and on the other to the base

1008. Each roll eFl 0041 a8H0cw808 saRghe-ardepandeitdly \ﬂl(lﬁta(tQLdI?d as shown
bel ow in Fi respective %0 el ectr,ic notors and i ral rings if

desi rd, gt%%&iié%tbﬁnnﬁgﬁgﬁpc Py UBRt dNcBnRYGEER S (ﬁﬁr§ﬁ ¥ only
one notor/stpignglosat 'aﬁeshewnepln EsgtheS6aaed a0 .sHoetrai s Infgsan DPer abl e

|t er conneci} o872k e FALY 43, 104N o008 e ML IO FL G O 1t Wi

be not ed |n at 't i nK ave downwar
ext endi ng camwl@gleB mFthbélbehdhd§r$I9@df@h@¢dJﬁhéﬁ@iﬁﬂa¥ﬁ¥rri®@ clevis

1098 ext endsydoyqyeedlyy tarsouehla 9ap %@% Ic@.stehe M@ﬂé‘%ﬁ aje 1008. A
~collar 1104 1s connected to the clevis 1098 % a bol't 1106. A 20 connecting

rod 1908 i satkereRedpedithrdtgh imAkatdprrar te1fae én’tfps?é'tﬂﬁdedzalkl’té'(}é’f%eby a

pair of nuts g4908 6§ré%dt@ﬂh@ghht&&dad:taladtoli-&rt3$40,f :ishe 168l ddBchédcoi |
spring 1110_is nnuni8gﬁ£n the_r d 1108 &@gblas 4, and thus

the 1k 1070 FACaCLBYRBEF. EPocRRATE a) SEGRE e n 1072,
as seen in #&gelébationegi bif bbeusdepshded tchét aride popposias a odémsed 004 has

an i dentical;fink apdacelhar gpseably cagnactied 34l i Qlihery sgRl the rod

1108 and bi as y the sprln% in the cl ockw se direction. be
appr¥2i at edP¥Peidaevenealpifirg eenrsﬁﬁkaf@néeur@tcm;bmwldu%cm on caused

by the el ectihe :ﬁmt0tola9§umllhgah&act:ewl 13 6lsn wHaRITEH 6 tdhanppesi te
link in a cou ter- %P se direction due to th connfctln rod 1108. At

the same tl%% tﬂe 1991 §OKCA SAPPEw BB R | 2in opposite
di rections pésBﬁlﬂncmsspr¢odwectdvd|etomermmkwissgnantunr&ullméaME01018 A

f1exible and SQL%uiﬁ gttgﬂﬁgegsg}%ﬁﬁgv§ﬂ Q‘}gg%h%%dmié“ﬂﬂéﬂléé&kéotéed

together by a connectin
pair of rectlflers 374, 376 which are shown respectively

in Figs. 33 and 34. The rectifier 374 provides a signal
on a line 378 to a signal inverter 380, which is also
shown in Fig. 34, and which provides a signal on a line
382 which may be characterized as a negative control

25 signal. Similarly, the rectifier 376 provides a signal
on a line 384 which may be characterized as a positive
control signal. Both the signals on lines 382 and 384
are summed in respective summing junctions 388, 390 with
a bias signal on a line 392. These provide biased

30 control signals on lines 394, 396 to electromagnetic
actuator controllers 398, 400, respectively. The
controllers 398, 400 are or may be similar to those shown
in Fig. 20.

The effect of the bias signal on line 392 is

35 illustrated in Fig. 32 which shows the composite

resultant force (in dashed lines) of the two forces on

either side of the reaction plate 352 (in solid lines)




As shown in Fig. 60, a stop and position sensor assenbly simlar to that
previously described is nounted on the Iink 1070. A block 1112 is bolted to
the base plate 1008 below an arm 1114 forned on the link 1070. A 5 cup 1116
is fixed to the block 1112 and contains a nagnetic button 1116 fornmed from
a rare earth el ement such as samarium_.cpbalt. A steel tube 1118 is nounted
|Pfa pagsage 1120 in the link arm 1114, The tube 1118 carrying 5 §JFH%§004

ef fect det or S 1@ye0 rOXi y sensor
whi ch ﬁDnI§§%S t%e %%é?%?gﬁéé§ﬂgﬁe?rgﬁk%%r gh%AggF$%?'§?§5Qf€Zéﬂ%s nmount ed
on the end of the link arm 1114 opposite the block 1112 so as to limt the
extent of possibteipi vetrhiguyemBntsel tbhe plrietent0dqd saiamhtighd idri &l On anay
fromthe rail 1fﬁage 1014. The 15 dlstagce bet ween t?ﬂégkéﬁt stop 1122 and

bl ock 1112 T o???BFth?oz?ﬁg BPEL5ARE BE PiEF%ct det ect or
and the nangrmﬁoﬁﬁtoﬁnoﬂélﬁagﬁhe aafll terheon d€t¢b90punenxﬂuhbm a

f eedhack si r ate e fqf npl e,
mhengger ?E é@%ZagﬁgﬁgghéAththalgpggg?h Fgggﬁbe}$%§%1t Siﬁﬁﬁ

1112, mheré@b%% th@sﬁﬁtérlBlQGGPPEdpPQBFrPRegﬁ#ﬁka?8@ﬁuﬁ$&ﬂu?%ﬁﬁraI spring

804 to NDVerdPge St OPh838ad¥AYabEokt h_ﬁab.l %&ﬁ%ﬁeorinag%%targ@élerffa&@rml e, in
a proportlonal progortlo nal -i nt egral ropor%yonal

i nt egral - de?? vE®i 95t 9BeVEEBABSER IBBpa§3 BRYE™ émﬁ03|ﬁ¥ﬁ$fﬂ%ﬁﬁﬂ is
conpar ed th@smﬁéetEate"amﬁhbhe diff theepakp whadehetweerurs daxringr | ess
contj ually_ z I th o] I SIRN r..1049 of Fig. 57 may

al so %e us o ggegggulgkngfgfﬁtTgoggtb%n%gF§%%%q§8 actuator wth respect
to the base 1008Ths dégualbednbélivesi 82¢oandcBio6n maivt bheFitiowghit Iaf any

event, thi SaérDi!@FSQt c%ﬁén@uéfﬂgkgﬁsf thﬁ'ia%-o% R rf%trcfeh%c{n%lalncp' ade 1014
and will t hrough the_connecting r the roller 1004 1n the

direction i hFRat e@NbyinAe38Pr ik Elglnzﬁlg g351é9rtheFﬂﬁuﬁﬂﬂﬁﬁﬂl%hlftlng
of the roll=ss, 1064 pﬂdvm@Gamthhtbendutpurce@tlgfmn@nwncaatnesy 4dd ting of

t he evat o O%ag inﬁ%ﬁe frons 50-2% direction EFUSEd f or._exanpl e, 72
23 Jthe 20020by s§RIBEFPESI *plss éer LPERECH Y SReFerti Ay WS o Figs. 56,
57 and 61, simélarttonbheebunpuh edighall1®80)ib&3200s impdnited 28n a Ushaped
core 1134 which h e 1 ket 1044
is itself nDunte o%g?ayaga HHPSH 8%8& Eogg%%?eéﬁgusgéﬁhégcr|é§%§:

shaft 1034 E@S%héobaputﬂﬂtvélgkéiﬁs4Péwcé§8ap§ﬁgeﬁﬁén§%ng(ﬁOtQh?tﬁﬂH screw
agai nst t heg piyMgiednl 1hke1938. ihheiki nkol022 pivots at the point 1026 and
ext ends down bel ow the pivot 1Q point tQ . the electr net coils 1130, 1132
and H4s a face 1H3B BBp Pﬁ?@dofrgﬁﬁtHQS&GFEHf 88?f0£°?%eﬂ9 sddthBhagnet core
1134 for rescbynabg ohettinanmagset 4osf bug anéo&snaeg@pnahemgbehmeen Fig. 62
is an illustratiop of.th Q d f f netic

mat eri al , mn?%é% gerg%é garfﬁcﬁagﬁg?%?8§65#§n%? ék %ggb%h epr essi on
in the cup aB§ brovidath Heep andrhaﬁeFérrcpniimél@ﬁa@étamp @nrz&umﬁ and an

~outside di agphers9t 38rMPhe §u§88§@ o%OEeQééEEb% ofhensl ¢aM& gl068 may have
a length of 45 ' nmwith an inside 20 di ameter of 12 mm and an outsj de

di antt er of PABLkHPNf §AIBRANPPEEDAPh AN B PTPVAGE POsHFWPhosidrdked near
the openi nghéfetbe,t theyl10h8 pasatlbﬁ B&gha 1pesirireepondisen® tdee fl ux from
magnet 1066 The cg osition_of the tubﬁ Ez ferromagnetic, according to the
teachings o r%ﬂ%"z nEnggﬁPeFﬁ 8ht *8nY 2 f“drder to enhance the ability of
the hall cell toThensetpheésfbtfixtheomlahe ragretitandral podvdidedwiade
shielding f Xz ed. by e e n l,sewhere on
the roller %UH%££5 gﬁ??ﬁgét?%% BQ g%l% ﬁg$%a§§38gg%§E§%g§. ghetic
trank@ucer ﬁ@%l@epggéﬁlon 51gnal Also provided to the summing

junction 414 is an attenuated acceleration signal on a
line 415 from an attenuator 415a responsive to the
amplified acceleration signal on line 364.
Both of the FC-controlled clamps 410, 412 and the
35 summing junction 414 are shown in more detail in Fig. 35.

The output of the summing junction is a composite



2. Operating Range: 10 nm 3. Repeatability: 0.1 nmm 4. Tenperature Range:
0-55C 5. Tenperature Coef.: <.02% C 35 6. Magnetic Field 100 Gauss at a
di stance of 30 mm Sensitivity: should not affect transducer output by nore
than 0.5% _ 73 _ 23 June 2004 7. Power Voltage: 9-15 VDC 8. Leads: Use
separate signal and power grounds. Use tuisted shiel ded pairs. 5 Fig. 63
shows such a hall cell 1140a nounted on’a face of the reaction E&%ﬂo}.ﬁ

with a proj segae@oaléﬁa %cfefi%ﬁ!ﬁ%%m@w HPrL LRé £ ot R

associated wth coil 1130 _(shown also in projection 1130a) shown in Figs.
56, 57 and BYOViHEAsERsGr 10¥n PSS fiig Y5 r‘Ftiltfht Ih R "I‘aEémﬁf the core
itself but eedkdaget mve:hl&ezthe@e ot hattpasi tseﬂbnc&p.eCI'fhéalbﬁnpfaﬁé Hal |

S As 1. R iLon i.s_an. or )PQS tro net .
oggfg{i ngseRgﬁgégr. 6@858‘50 e 8% OVfgef 5 ccur artclieé%r&f o% e§ %fc' n%ﬂaey red
4. Scal e Fattioe: 310 YbTesimaifg Termmariainris Ramyev sy 6de§enpbeét ure

Coef.: <. 02/C 7. ari'{%‘ék%‘i%gle'\ﬂé%é"%mﬂ?&fcﬁa i sadh M8 Zﬂaét EQ&‘@EJ.MQM age 12

to 15 VDC 9. Lea parate sign power ground tw sted
shi el ded paffB. PRubfPrAg faFaithen A%t s fcrforﬁl-% %l%klliloﬂ%\a qéoshe25 a

p?' lr OL ig?gbﬁﬁgﬁ@ﬂeﬂ:ﬁr%%xgs%l%ﬂéneﬁlQi@!sdﬁﬂ'_écg pl@\lleeﬁ,l@jégckn1148 portion
of Iin . _shown in i n _perspective in Fig in_section,

has an ext eﬁQPBﬁcﬁg 5%{1 Figsy g&c ?E}‘dgr?os ‘60 Y ShowrP® nERF §258)

havi bg a faagia;lsahepapomasemrpaladwa‘ntmcges f acesor8) desoeiated with a core

1156 upon ""Qtﬁﬁﬁggﬁﬁ%}ﬁ%&%ﬁ“ﬁ Sns dw_”&% eaq<efé)q.l%’ 1'% frﬁ‘fﬁ‘ ddr# Of whi ch

i's shown e view o on'agne IC core such as
i s used fornmabmq e @ﬂ@c@mqn@qrm 1B3xrtdfermqre 56the gap motion

will be cosine 45° = 0.707 of the motion in the x or y
direction. Thus, a plus or minus 15 mm gap variation for

15 a single—axis or multiple-~single-axis system reduces to a
plus or minus 10.5 mm variation in a three-axis scheme.
In Figs. 14C and 15, only four electromagnets are used
and, also, only four power-electronic controllers are
needed. Since magnets are used two-at-a-time in Figs.

20 14C and 15, magnet size can be reduced. Thus, use of
magnets half the strength of those needed for the single-
axis approach suffices for a commercially viable system.

Fig. 36A is another block diagram of a specific
implementation of an active suspension system, according

25 to the present invention. For one axis (e.q., side-to-
side along the X-~axis passing through the car's vertical
centerline), and for the other axes (e.g., front-to-back
along two axes parallel to the Z-axis and lying, e.qg.,
equidistantly from and on opposite sides of the vertical
centerline), there is a separate feedback loop, but only

5 a single axis is shown in Fig. 36A. An acceleration
reference signal may be input on a line 100 and may be
set to zero. The difference between the reference signal

on the line 100 and a measured car acceleration signal on

a line 102 forms an error signal on a line 104, which is
10 in turn fed into a feedback compensator 106 labelled
C(s).




35 or. the coils 1144, 1146 of Fig. 57. The dinensions shown are in

mllimeters. Fig. 65 shows a top view of the sane core with the depth

di mensi ons shown along with a pair of 74 23 June 2004 coils shown in

dashed lines. The core of Figs. 64 and 65 may be nade of grain-oriented

(M) 29 gauge steel, mounted on an anglgsiron by neans of a weld, for

exanpl e. The coils 1130, 1132, for exanple, will be required i33§ @%@ﬁp
+t mm

each having, forriexagpheind050nktibs 2boWiEkeshawhnnNged pdARIL P
ity made for parall el

The coil connection shoulg b§ serlgs SLtE tge gossim
reconnect i GIPTBHEIFTE PREERL: ABA EQndhETHERFVCEF0GH &b dincd x&s00 or

equi val ent taied sclR09E. rahe dfstupbagoabi oascprolrd dedc Wymihat ed at 180C
or higher. i .hg t y ] r around 250 volts
and the coiﬁ%%gl#yxrr%}fgg %?‘8% %gﬁeﬁ?i Eﬁgt §95%§§n§5r’?’§st°§3 at 2.5 kilovolts
or sifm | ar digturkpn¢ed. sTtab 88i windaflerees, haskppondylede byt sysdeoh wi r e,
having a 13 iaMEt£r1®pl. 29 mm and about 50 centimeters in |length. The
wei ght is approximately 2.0 kil ograns, consisting of 0.8 kg of iron and 1.2
kg of copper. AtCERH ardYhp chasieteriapetnag fP&i°H§ﬁsity of about 0.6
Tesla, a force of abpotwashottndrepénbenbnnsonpenbatachi evegtrauch a design
20 is adequate for the active roller guide disclosed above. It has a force
capability rReserve ok nores@han2t¥%se+nagﬂed. Fig. & illustrates a pair of

»

actidMe roll i : T hgwmmt—gr—car
1144 25 fo€§g?%%-t055|3§1contr%FE Big. 66 al B PIFhePI L “5ttPel for a

corresponding pajr of el eci Lonaghet s, 1346 H14Ruchegel erati on Lecghack is
, o a

utilized in the described control ¢ircuit for e e'ectronagnéf t hough

ot her neans of ggntrok nayﬂbghUé@ﬂtréﬁcﬁ£ﬁéaf£93ugﬂe%rOl “jllﬁggﬁQSﬂ force

described in detdil in conjunction with position control of t

actust ors i n corgecti®on mﬁyhmfhg& 69. An accel eroneter 1150 neasures the

si de-to-si de accél eration at the bottom of the platform and it may be

posi tioned i nbetGeen +he t@ontedlvgainl seleguedescltddr 3bopla2. The
direction of sensitivity ofjaiheeatgdsl eraneter is shown by an arrow | abel | ed
S-S and woul d be perpendicular to the hoistway walls. A sensed signal on

75 23 June 2004 GPLj rre 1150p¢n beowpi dpstew @ashgnal processor [&&34 which,
in response thereto, provides a force command signal on aNline 1156 to a
second signal processor 1158 which may be nmade up of discrete conponents in
order to provi désf ast®r 5 PeRpehen. refenapk cEregnfary signal éFad/sd 1156

is_gﬁyned with %.forgg fee bﬁék siggal on_a ILne 1158 in a summer 1160
whi provi des & or ce error SEHWAIIRPPLNY | hat4%62 to a steering circuit
conprising a pair of diodes 1164, 1166. A positive force error signal wll
result in The first term covers DC washout, the second is for
pendulum compensation, and the third term is for control.
The feedback compensator in each axis procesées the
car acceleration error signal for that axis to generate
30 actuator commands. In this case, a force command signal
is provided on a line 110. These compensators can be
viewed as dynamic filters whose properties (gain and
phase vs. frequency) are designed to meet elevator system
requirements. The design of C(s) can be recast into
design requirements on the overall loop gain, labelled
L(s), which is the product of C(s) and the plant dynamics
as illustrated in a block 108, labelled G{s}.
Conceptually, the force command signal on the line 110 is
5 provided to plant dynamics 108. As shown in Fig. 36B, in

regions where car acceleration is to be minimized, the



.10 canduction through di ode 1164 while a negative force error signal wll
result in conduction through diode 1166. In order to prevent abrupt turn-on
and turn-off, action of the two el ectromagnets 1146, 1148 near the
crossover between positive force response and negative 15 force response as
shown in Fig. 67, a bias voltage is plg%lded to bias the left and right
signals provided to the PW controls. ts”is done by nmeans of Hpalﬁogi
sumer s 1168, (}ﬂ'ligl)flri)g] :@a@&t‘é&th&”?i-%téy%hﬁ’ﬂ' 6Rel S 1blaseq il

appropriate v ge to provide t orce 20 sunmat ! dn technlque illustrated
in Fig. 67.remienAbewE 2 SHegvAncYalisi tidh hiahebreqirnei®s el @bevemagnet s.
A pair of pyl sens didagregulatied Gantyed soflﬁ'Mto Il %’@hiﬁ?ﬁi’@f‘s' ve to
sunmed sig ndls fromthe supmers 1168, %1z rovi de si s gn lines
178 1380 SRR ORT | SeRbLBERIBES . oy RFotoe COPANRYCEESe hbe N nades of
signd s on HtheelddB2gaid 8ilsf rwashbd-sutmiets r2G8celth8, efeéspect iofel y. The
force feedgﬁghy%p $$f§e1%§§ &g.gﬁovided froma sumrer 1186 responsive to a
first force signal on a Tinhe 0"1188 and a second force signal on a line
1190. A squari niBasedudn theompdel egfobbpvpendudunensedof] Ux Ssi gnal on a

l'i ne 1194—fﬂéﬁ&ﬁtkﬁjé9§eé$211§§ ﬁ@gfefﬂéadgﬁ EH%l&b&%tokoEﬁ% signal on line
1188 by squaring and scal |ng | ux signa line 1194, Simlarly, a 35

squarlng(ﬂR?Eﬁ?r@ﬁﬂﬁﬁl%fr%gp%ﬂEFV% ?BsaegéﬁgéchP8§p§lgnngén 274 ne 1200
froma Hal |arﬁ£|3832@£e ida'ewmy @fptbtl o€ethe aéaﬁgnéaoapahelwt ed on or
opposite one. o € g gore fac es of ﬁ ngpective
electronagné?§n5%95r6%?c bo%e fh 3np8§ n¥3 Sané(F F bet ween the
eIectronagn&ﬁnahUEdhérmmsphatlanahyaxslzoA plR060o6f thee feebdbackgui des 1140,
1142. 5 Theg aPsPC éfﬁ” %&%n%ée g186a¥k! EhBﬁnprS}géﬁ@é%‘Ne(ii@a”y

out the conpensation de cribe Ih connecti oh wt and
24. The S|thJFﬁﬁ%ce%%%raQQSQSBffFthhGE P§r§h6MAaFndﬁﬁ#€ndetall in Fig.

AD531‘T‘51ere an Inﬁ‘@@éﬁ{@ﬁlt@hfé‘wgﬁ 49 é&ﬁﬂngbchh@aiﬂebalaaléﬁalaoghDe}/I Cet
, IS res Sl ve 0 ce CO n S| gn (0] | ne e 1 rs
o i nals BRTR4 S 1 8u0 0% o | Fie CRRERAY PR DReo P TEnen ReE T2 1n800 and
provi des t hecfreesespensisognaysbeml | NnEhélG@pas dbothand pilgts6Gn A P

controller 1232 appljfi gsf1€§g%§ gggggbgg ﬁ?§gggéltﬁ?dPBEggbﬂﬁgfbo)

anplified signal”on a I ne el vo ain-o
circuit to dirtyrietngi bapvec{direetorani decst esrraglcprodiile)1164hel 166,

simda@r to ddwdisieypisesi gR bAbRdobOERRER FigurB8. sABw BYUEr kel 1258
inverts the outfut of steering 20 circuit 11647so that signals on |ines

1260, 1262 Mt eEP R RABPINSS 68T 117Pegr EOBﬁEBFF‘EéBBﬁdl nd1pol ari ti es.

The sumed sdrghal emosati tespdde2igidf4lanelpeaviBey,t @2PWM control | ers
whi ch may be a Si net| s _NE/ 5560 t¥€ g Btigllers Thesg R vi de
5 t nes c

vari abl e dd%f“ﬁ?% EOURHNGRE SECURT ThE $1789 1586 re in turn

provi ded tca¢ﬂ{vev@mspgnsgameudlnqethelcoutrelldéé;gﬂZGZ whgesh BwALuUrn

ro e gat al or C 64, 66 L r e current
'Po ?ﬁg e?eé*?gnzgﬁgis§a%463 d %é%né%éyégrgl?%§8,l%%%SEﬁgnﬁtas “t he
current in YtheEdiigesenn E?%Vlﬁ%l% SHEEEBwRednghRal the LREepPAvedos®kol s

1174, 1176 gratferPrL£S€acerofian PYLAEWEEHL. conventional systems
| and even those of the pendulum car without active
control.
30 Fig. 39 is the predicted response to butt joint
misalignment.
Fig. 40 is the predicted response to rail waviness.
Fig. 41 is the predicted response to car force
disturbance.
35 Tests have been conducted utilizing a half scale
model of the elevator system shown in Figs. 14A and 14B.

The effectiveness of the concept was performed using a



Al so, a reference signal can be provided by a potentioneter 1272 to a
"conparator 1274 which conpares 35 the output of current sensor 127D to the
ref erence signal and provides an output signal on a line 1276 to an OR gate
1278 which provides the signal on line 1276 as a 77 _ 23 June 2004 signal
on a line 1280 to the high voltage gate driver 1262 in the case where the
signal fromthe current sense 1270 extedds” the reference fronlggfgﬁgﬂﬁg
potentioneter 1272. Als a_ therm nocougle can ﬁ% used on 5 the

Pont i k. SRR AL R TR ey B ot R R abRa= B oA e Tal1”
over - t enperiatdwced efisrtandmiscegmatndnoy $imeldRBigi a divenparator 1286. The

conparat or gl ﬁﬁérlcﬁ?@a’fcgée@gtﬁé'éﬂé“ FlRohclafior! Beckedd kad he OR gate

1278 in cases ere e te ure of the heat sink 10 exceeds the
over - t enperfaance anst @@ce In that case, the signal on the line 1280 is

provisded to the Ol il AGe akSeRslvSF 106 SbEt FEgWN3khe wiisbr i dge.
Al t hough nmost _of the above-descr| bed rotect#ve CIFCUItré of a current and

over - t enper@RARNeREGh SR HFIEHRL HFBPRFeHGLOP 0P SHERRER Atniide
(1146), it¢§hoMsbdxbﬂemﬂzzwﬁtahaﬁ phev bass canabmlaquabBy1pmmwmde¢-for
that bridgg,; %desc (R1e 2000 L Qﬁsﬁegeéo%esmtgégeag &, dr awi ng.
Tur ni ng nowt a sy s{47v 1 &2 Fesent e to show a
cont rol scmaﬂsﬁng thnuthﬁncﬁmBQEﬂOprgblH@Ets&@h asAt Hdodited- tfers de

actijve rollgr (Gl dgse bk é&ﬁﬁeﬂéa&g 1686 wdBeudiagram itaClhides daoth

accel eration feedback as described, for exanple, in detail above for the
pai r of smEgmRERdatiginal 19, a 11482 186 pbei ¥R oRCFRREBECKPFPLE Sfi 1 of

high-forceg%&ﬂﬁﬁﬁgfféﬁb@gC@na§ &@e smoeW/actuators 1300, 1302. It should
be understood that the schene ﬁ gé s also ap IlcaQIe to
t3h bPpos

i ndependent |y cort$ 6itE§ d%%%%ﬁ PTRT TGRS OFQP &3ame rai
bl ade), frouocesdiauk wuspeh@tansa readrohdy nhweEyndO4iechamagsldmy |inked

as iy Fi g. a@%es@q? Orce B eygior g %ﬁuﬁ?gﬁ'};iﬁgsﬁw‘ﬁebﬂsﬁo& a3 bei ng

acte on by a net signal on Iine rom a  summer 1308 whi‘ch is
respon5|veQQﬂﬁﬁﬁﬁénQn4n¢@P¢6@bebBﬁ #0¢dne 1310 and a plurality of forces

represented on Ig¢nes 43125 é§1ﬂ11&§&§ati§ﬂ8@f1§29eraae &Z%te@bl for
summat i on |qbﬁ§}the sumrer The dlsturblng ;orce on lin

onrosent PRAGH S POrCHFELCRLPND oy EbE | Shdfa ) CBFESEREEY GOt || ne
1310. Theserilystam bi repf osxample, 28fdenee@088ing in a step 112,

20 acceleration is sensed in a step 114 by means of an
accelerometer, such as sensor 102. The processor then
computes the magnitude of a counteractive force by
implementing the dynamic compensation 106. A step 118 is
next executed in which the signal processor 100 p;ovides

25 the counteraction signal on line 106 which may be a
counterforce signal, such as the signal on line 106 and
as computed in step 116. An exit is then made in a step
120.

Fig. 44 shows the results of a test to evaluate the

30 effectiveness of the active system in mitigating direct
car forces. The plot shows the ratio of the measured car
acceleration to the magnitude of the sinusoidal input
force over a sweep of frequencies. The top curve is the
response of the pendulum car system without active

35 suspension control. The bottom curve response of the

active suspension system verifies the expected 80%-90%

reduction. Fig. 45 shows a comparison of the predicted




may include direct car forces or rail-induced forces. The distinction

‘bet ween the two types of forces is that direct car forces tend to be higher

force, but slower acting, such as wind, or even static, such as load 5

i mbal ances, while rail-induced forces are | ow force di sturbances at higher
frequencies. The forces represented on |ines 1312-1322 represent forces
whi ch counteract the disturbing forces Bepresented on |ine 131% QR 54
event, the net force on line 1306 causes 10 the el evator nass %d- 1%
accel er at e BEneehesegned kylansiawedpréign dn dgshowrEomrra |D)nearkB2zhe The

el evator sygdieiey8degerpesihbatatyetemat raBpanskeNirGaied 43h afhd nbegrat or
1326 which |s qinlfeéted 3% t he car,anLng at a certain velocity as

i ndi cat ed bblﬁ 11h8ct3%8r whPERS B1¥39RK1P0rn i ntegrated by the el evator
system as i ndi calletls byednct hbagiat 6heldg8tient eensitdititgn tehanged®r t he

el evator c i ndi.c a_lj 332. _Both of t el ectromagnet s
13463 1348%%%%&"3%?,{3%% fg‘téﬁrgggéﬁt ggkgéug:h%oénpgﬁéllsﬁpgcB:E’seor 1358 of Fig.
66, are 20 hrexgeermanceppEstheedysheni gn beapreseneek of334 iresipohsiad to a
signal on g3{derdagbelr oNpa,su q behei.s | f jve to the
force conmand si gnal %n Iing?llgge?%%éggﬁgﬁsggFPgl%gféﬁggebﬁggggé%r 1154 of
Fig. 66, repfes®pted anraiy. ipyegularity| per §1RQuAStednpansattiast Hedck
simlarly refitieredrasatihd. ikbhsalbeck eagli @saoehokie tg@pensation and
filtering described ig detgi# in_connection with Figs. 4 and 5. A position
contTol speRPETHSTERA PR HE $3K0TREROBESp Gy Rddd iEr 3P gap error
signal on |frequd898y. SuFigce48B i thesagspbatet b€ sheedctive gnal nay be
used to perdud  £as rol tfo.assi,st tral . ssi stance
is al so inﬁ%%é%%ﬁ%l%?o%Y§g§%by a%rg%ﬁ ?%n%%ﬁg %bgﬁhgﬁgc%%ﬁgﬁgﬁk e%ﬁ§The
accel er onet'dt® 1930 d¢ceElgrabgonshanopenndprgeasgdhei Ahusespdesi ve to the
el evator caicBbvacsetpEREioN. sPStERPIRPLBLEE €fel 81344104 33850
corﬁgpted by a vert conponen accel eration, as shown on a I1he 1350,

cal t o , \
bei P summP i ACEHETALionl a5 §8e meSERE SgoReRIpERERSE: AR e sumer
1352. Thus,prdmenteect obstherattel ptiateandshewkbancEsganbb ddrrddie ddme
| abel | ed E%ggﬂg% be corrupted by a small vertical conponent so that the
signal on l|iTne 952 is not a conpletely pure side-to 5 side accel eration.
Simlarly, the ateeiryo®eert, i sheudbfbuatoo demhandasighewnoon ldarss gnal |ine

1354 which 18y b¢ éﬁ@&ﬁSfﬂtﬁﬂgasz;ggfnth EH”HF@o%EthHﬁaBHt eli}gn%fl The

accel eroneter 1150 in a sumrer 13 0 nodel a _spurious accel“erati on

sigridl . Fi RAYAouskenesplatpef er abfl oS 18heyVRnAn mergr detadd dm Fid.ne 1358
Ito theI pr oq;le-ls,soas Jﬂ@ﬂng_mppéiéﬁi ebeﬁ lbﬁﬁtﬂelﬁwéi:phi:@ﬂaﬁfart ﬁi%ﬁc?lla 8at;og_
oop. It wij appreci at e at_the two el ectronggnets : o] ig.
66 do not|&Qﬁé§§ea ?Bb?ﬁﬁm%#e"obg%s??F%ﬁcob s"?ﬂ@h??ﬁ§°m8§@ﬁtﬁfher
because of nlatdzicef 1Bighat22ombdod0is steered between the two. For the
case of two opp . Lar S§ t Ous Ll scr.ew
actuators 1300,q%§g%%%hegﬁévgﬁg g?%??aggg?%ﬁ?@ﬁ%?hggpéﬁg%?ﬁﬁ-?%gm
i ndegsendentiEPRithe sheyahaprepesepr "199hefnfigeadh dshprovidwdwEosaal |

present a aancepipPeiOF GRNEHK Ohdj nﬁe"ﬁ@dé“@y*‘bﬁ?%&?@@néﬂblﬁt @3 pL 300,

1302 of Fig._.66 by gering actuation to one or e other of the actuators.
The novel &E%Hﬁ%%d@f%$oﬁe%€¥%%FngN%WE%ﬂteM?ﬁﬁaEBHﬁﬁFHSS|HnﬁPAandaPﬁe
st eeri ng ofcaliatd sa ghelas® BOPWMObervo Amplifier Model 218A" as
described in published specification sheet entitled
30 "Model 215A, 218 Servo Amplifier". The PWM Amplifier 150
is responsive also to a force feedback signal on a line
152. The PWM amplifier serves as an electronic double
pole~double throw switch to apply a selected voltage to
lines 154,156 with a polarity reversal at a selected duty
35 cycle. A pair of steering diodes 158, 160 steer the
output current on either line 154 or 156 into the proper

coil of the corresponding magnet 130, 132. It will be



25 two opposed actuators, as shown in Fig. 69, will .be explained in
conjunction with Fig. 70. Reference points are narked by zeros. A pair of

el evat or hoi stway walls 1360, 1362 has a corresponding pair of rails 1364,
1366 attached thereto. Upon the surface of each rail a 30 primary
suspension, such as a roller 1368, 1370 rolls on a surface of the
corresponding rail at a distance respeét?@eTy | abel | ed XRAI L2 and jXRA A

spring constan 0, i n_Fj 6 a_hlock 1371a act § etme rollers
1368 and_actimen ol Wt e bhenotal® tBrep Rt (EonalE A7) ¢ as
bl ock 1371bekﬁntrdmﬁqmﬂ¢5rwﬂlberSéﬁeahddaenuaberbéS@ZDme@qmﬁﬂdMQNIof
the actuatorydl3ap i thd espect EPohBRLCEL 4308cba on Be2Botis 2004

i ndicated by a tance X2 e di stance between the car. 1304 and the
centered posiuifRre 37 theipkprbhetd b¢-a ENshaneefposedi eAbmsdmSnfe to the

right sand nQQf& Iéaeaé@réxﬁ@gﬁeée pfsopemhgraraherdbﬁbaneﬁ Ralewert tdie o evat or
5 car 1304 a %&gsurface 0 €B % ? |nd|cat§% bﬁ a i stance
GAP2, and t tHAR s Anei bat WRen Fﬁﬁoﬁﬁgﬂﬁ of 1385 and ﬁb e of
the rail is d#Rhed2in GAPREng bpgedewhsfabhidnstantbhebbbitem tdfe tha st way
wal | 1360 an h 04 e r c e I tities
are shown oﬁgk éﬁ%f e%&éldeﬁgfgt%g Egg cé% e?§£ Eﬁ%oﬁﬁgggk%to tgH%%Q a
position serddl, s34 |af Fogt he4Bemasowelde6, 1070 of Fig. 57 is shomm as a

bl ocky gl376 for negsusidgrtbs ébﬁgeEfaetGéﬁler@eEtngQeeéb@clkarﬂdb A
position sensor. 1378 neasures_t he quant GAP2 of Fig. It 'shoul d be

under st ood it Fehbtigh’ @ phi ¢ B?YsBﬁsBFgCT§76“ thegngp %ﬁ%ﬁm?%ﬁ?W%Ew 66
and 69, sucrpémncécboasoto neasyei mgghbe1ga|ﬁ$u(<Gi§sﬁltB.9ngQP2>)etlm)erb&:mrrl ed

out by a single sensor. al bejt, w u h e n i.n lity of the
S|gnal<ﬂn5ﬂé%%F?FaQ%%thﬁ ?%%tﬁoigg gbeﬁgé Be§é§ EEL g@%%%e gnaorelt
wi |l be reald¢cils by3@xahdhat i BheoHaklgceddst hao, théZnﬁa:leme'i@ FeaRsEX i es are

lated to t h b | o GAPL
rela g ?(RA%}% 1111 &Son"PIf gnlEhg ﬁ@ h%ﬁ@&@ble%\gpneoe%uefég

noted that P& (ﬁﬁ}%hsmﬁYlh? ?omFﬂﬁlpiglpﬁ RENFUFBsBECEE, A&k St there are

tWwo positi ORySRAS 0E§ud B8, tﬂ§7§agﬁsﬁaaeevaft ehtahemszsetlgeral(sP@%) 19fndshe
cab, as |nd|cated on th

e _addi I nner_ | oops
havi ng_pos: (1B SEARPES( BFOYAHFRGR AU L RESP AP o8 LHEPhaRORS SIS §5 ho home
or zero posithendidteecarcenthebebagweeni asl thasédras firedbiagdt on limeFi g.
70, typ gap Bgfition | i nes (GAP10 and GAP20) represent the distances

bet ween the ¢ar” and the hoistway walls when 35 the car is centered. These
are further repret@ated fbe control represented in abstracted form in

Figs. 36A and 36B may be carried out in numerous
different ways, including a wholly digital approach
similar to that of Fig. 42, but a preferred approach is
25 shown in Fig. 48. The embodiment of Fig. 48 inciﬁdes two
such independent control systems, each for controlling
actuators on opposite sides of the car, identical or
similar to that illustrated in Fig. 15, one system for
the floor or near the bottom of the car, and the other
30 system for the ceiling or near the top of the car.
0f course, the fundamental principal of active
control can be carried out in a plurality of coordinated
single axis controls as previocusly suggested. Thus, the
control represented in abstracted single-axis form in
35 Fig. 36A may be carried out in numerous different ways

but a preferred approach is to extend the same principles

as disclosed in the three-axis control of Fig. 15 to




,- 81 23 June 2004 "signals" being injected into "sumers" 1384, 1386 in
produci ng the physical gaps indicated as GAP1 and GAP2 |ines 1388, 1390.
These are useful for understanding the system 5 Qutput signals from

position sensors 1376, 1378 are provided on respective signal |ines 1392,
1394 to a summer 1396 which takes the difference between the nagnltudes of
the two signals and provides a di f f eremt® (centering control) si 0Rd 268% @
line 1398 to.a la |It r. 101400 p | t er,ed I n
control si §FE*% oﬁgéﬂflneriioixfs c&@tﬁg%léﬁ¥%goinwﬁa§ ﬁr%ow kPu )

filtered dishHamwrenter sa geal , tbhea@hmgfpalp@iplgﬁ ﬁh@@pS#OnFﬂGCtﬂﬁl®@§'1406

1408 whi ch 4o Md&at@ot@gpémiuﬁnoﬂ@apﬁeg%aseag sheetiing gentrol 1409
for steering the 15 filtered centerin i ghal on the ine 1402 to one or

the other APRAX§He to @ne %%%1b%@hlattFﬁea§Ene tinme. A pair of geared

not ors control s 1Ad0rid 4128 | Stafevlct oRg ahahbgchowvpkl fb&sq&ﬂdkﬂq t he
steered centering command.signal .b vin at._a.re I elocity as
20 i ndi cat §PYK ??FéP%4iﬁS§?9ﬁh&§ ggr?% antSSmégk e sys gﬁ@ggr

i ndi cat ed actinednat i vordl acksrdddécdbgitdl8loopan fart gampensediimigon (X1 or

X2) as indi I r 2 actu n 1371d
or)1371c fd%ﬂ;%%aldrﬁﬁ &ﬁﬁp%§%§58|n§€c§¥2g£% Eb ﬂgblgfgeggE?%%E %%?

shoul d be ﬂbaﬁhi@%ﬂ%%ﬁtofnsﬂﬁhsfééhtﬁﬁFl§95§§ﬁﬂ&9aéP&ﬁF PRy ?ﬁrlng rates

1374y and 13ddsh pe& ﬁﬁs%a%gdc%{:boiéessaﬁeswﬂ Bg4Whis0l8 ,i $oact uat ed by
actuator 1410. Sim/l arl rates, 1371a ag £ 3710 are %§500|ated W th
t

t he sane:ﬂﬂWQEPen?F?F}g eggerag%ba?eﬁ hey L3Rt § €363F41 3NN PGP Y
posi ti on f easibacdl bl voks 4480, 51422524 efoes podepeadeatilye cactaaildring

positions Hﬂ?lg&i rbgfltﬂgscéﬁ28 43¢ angngggégdgf% Sb%l g%%psors for

provi di ng fesdbac posttron signals on I'7 nes 01in tive of the
posi tion ofa¢¢mahnrﬂa5b6 mﬁ@ﬁ;ré%@ecﬁzﬁo ahé ean. §36Thé§§fpé§ﬁb|on si gnal s

may pe subj L?Qcéi?véiﬁnmwieﬁdbE:bBBl:ngn’t‘i’@&:@Bc%}é qamrlsﬁ% %0V|ad| ng a |ow
gai n tfeedback pat h. A'Ealr of summers 1432, 1434 June 2004

responsi ve %%Pgh% d134 %%kc§P§ﬁ8F§65n5?HeCPPnﬁgnfi?BFhf4§6g£ﬁ&5tﬁ@
centering csem@escsipsal tenahtinerdd0a1asesyner adalpgt kenttrearlsi.ng Eaani r ol

for providin ifferepce.signals.on_line 6 i t| of the
di f f erence %ﬁ% %?e%%?gﬁgﬁ rnggﬁ%ﬁ|8°b§ %ﬁ%é%s 80%39 24! %% s¥§hal of a
pai r of outhimesigh4|s53h6,| bRes 3440, amd4§4ﬂnoﬁﬁﬂhe5ﬁﬁecﬁ§ﬁoﬁrwecﬁmﬁiers

1406%?11408 a&&%valc%g”g&héfowsrsgssredTﬁsnks&bagceﬁmad seluggmls QA 1hi ne 1402

and e ot her e zero Zzero we nean a comand aV|n% magni t ude 10
equal to tha@veediuffeyens @éggétﬂﬁésaé?ﬂﬁﬂéﬁnsoOPeF@ﬁnqﬁ@ﬁst§téém@lp05|t|on

whi fh ‘é“ Il %’ﬁdtf‘@{:a’@9§hhﬂ.0@o‘:@g§| tegbéocaahabaa&ttaa .| easle ah@tlﬁ@s_l red

prel oad on the ry_suspensio ef erring.now, to e response
of a p05|t|%ﬂnﬁgoifaﬁsaaEeg %chuﬁg FESEHB%ﬁ tp-acﬁéierag Hown. This is
an experi mesighhysdeheiimesds5625pbAase. SBBthaughSEDe B&4ponSéE ffamm

par t} gul ar £§3”§988férbﬁe%h9gnssbt k! ngreﬁh @@ ol N3 4any &0t her suitabl e

type of posrtion Sensor I hc i'ng |neaf posi‘tion ‘sensors. The
respectively, and to p051t10n signals on llnes 570, 572,

574, 576, and 578, 580, 582, 584 indicative of the size
of the air gaps between the cores of actuators 516, 518,
520, 522, and 524, 526, 528, 530 and their respective

30 facing ferromagnetic blades.

In response to the force command signals on lines

534, 536, 538, 540, and 542, 544, 546, 548, the
respective analog controls 500, 502, 504, 506, and 508,
510, 512, 514 provide actuation signals on lines 586,

35 588, 590, 592, and 594, 596, 598, 600 to the coils of the
actuators 516, 518, 520, 522, and 524, 526, 528, 530 for

causing more or less attractive forces between the




20 summation of the two signals on the lines 1392, 1394 is shown in Fig. 70
~over the whole range of displacenent of the elevator car (scaled to the
particul ar sensing arrangenment we have.-shown). The positioning of the

| inks on the active guides according to the enbodi mrent shown is 25 such
that no nore than ten mllinmeters of displacement is to be expected. Thus,
it will be seen that the two position £€nSors for the correspongiimng o

rol |l er guides can.,be conbined in a sea s response, such as shown in Fig.
72, for prESERESEAYR AFHRETaFAaT &“@1%@3& Sd’.c’sﬁ)t%‘%. Al t hough this
i nventi on Bagsrbaagnetdwn bdadedes criheedaetivtrin respegtt tthadudlrasheone

detalled. gxeqll 4Ly pBIRQUIBN LY ReLGQIne IdorpOMl thdGudiprlelst gogl by those

skilled in“Phe~ar vari ou anges in form 1 ., met hodo6l ogy 35
and/ or appf@4ch 6@y 166 8radadnictifoutt lepfrld nd¥e oh 1 REQPEAST this

invegtion. curreB? GlMaVB 23 JUNRLU% 16240 edEyateds caindnebgdi ng
apparatus for stabilizing the elevator car in a hoi stwa t%@ apgsratus 5
conpri si ng€28&n é@@elé@&nngFPeré§ﬁﬁﬁﬁﬁk¥?(?Q?#ﬂﬁi%ﬂﬂﬁ%ﬁi%c PeraPfon of

the car fokopr,0wiod, NG $BBSEG 1, grEd2 haaing a Tregnidtckent ndenadbrse

t hereof: position sensin a I onsive to the degree of 10 centering
of the car "fdr Ibﬁr’oﬁ'(ﬂ'ng%fr{?‘eﬁz{éﬁ 1§03'nal havi ng a nmagnitude indicative of a
hori zontal posi N giuwfaltify ceff semdwOAIDl FRaNE3§ espbhsi svdt 648he sensed
accelerati g ! 9%, 'ds SANI Iy GAHAAL de IEANG (91, 1o hehbzeppa | ¥
actuating the car agal nst the accel eration whergin en sup leng t he

accel erati &¢ldi Gii6QQ) / @Fe FAPRYrivBEhLSEoRIR et the@Rshi s al so

responsi ve alc@ i@ sl fdromHd e pqsidd O SRSy Igimgans, ihdeeabyoho 20
"~ conpensate for th

compensal e lorLhe Samengiis, o, (e, Recel of Rl ) el poLe spreset ot ve
conpensat e ther Jay Ceis. aact ibegworernt hehe afacendi hothe cecentardi the25 2. The
Corisl oy ik U L 0 AR Fedeate W celo ket
signal, forrprds didy aaps hhepeRRn aglie | ILRERES| ghdr AAGi n§38:
magni t ude igaQ Cafrid/ e 30, tder edfse ankh sis¥ & 1de sensed signals on
lines 650, 652, 654, 656, and 658, 660, 662, 664,
respectively, to the analog controls 500, 502, 504, 506,
20 and 508, 510, 512, 514.
The analog control 500 among the plurality of analog
controls of Fig. 48, is similar or identical to that
shown in greater detail in Fig. 20. The other analog
controls may be the same or similar. )
25 As mentioned previously, the digital controller 532
is responsive to the gap signals on the lines 570, 572,
574, 576 and 578, 580, 582, 284, as well as the
acceleration signals on lines 552, 558, 559, and 550,
554, 556, for carrying out, in conjunction with an analog
30 control, such as shown in Fig. 20, the single axis
control functions of Fig. 36A in five axes, i.e.,
translations along two horizontal axes in both the floor
and roof, rotations about the same two axes in both the
floor and roof, and rotations of both floor and roof
35 about a vertical axis.
To be more precise, for the best mode embodiment of

this aspect of the invention, we are describing control




he control neans is responsive to the acceleration signal and to the

integrated or lag filtered signal for controlling the actuator neans, such

that the actuator nmeans exerts counterforces against the car in a 35

direction opposite that of the sensed horizontal acceleration for

effectively adding mass to the car in proportion to the nagnitude of the

sensed hori zont al a4 - 23 June 2004 a®%eTeration si gnal and Egrqugkﬁring
ﬂ Sere

the car in opartion to_the gpitude of the integrated or |ag d
si gnal . S:égiﬁﬁ?%mﬁl% %?%F%gﬁ,gﬂhﬁfﬂ?nafﬁﬁ'cén?ral%Wﬂans i ncl udes

conpar at or trerslatespohsavest andhtweenvbatignsigagksaid both EQmpal i son
si gnal havidi &eR i SghaBoRL ! ¥0€at {Gha £OIRAL! BB0RR! GeTRAMLLURG L NE

sensed 10 signal with the selected magnit 'ne conpari son S|gn§1 for
provi di ng FUiRTEt heeesi yrdl chaling- a Rayavetdelfngheabprd zontetle
di ff & ence dsheas eliettreentl 66 ¥hQT€eD11HG a8k UaHProNBARS S FogSpoONsi ve to
t he differeegﬁzsj nal for _actuating the car. 1% 4. The,car of claim1l1, 2 or
3 wherein tHhe HetRiat'o7 RRERLSED i§e§1%9€%i?e f o5ppBrédoRtadafFes 5. The
car of claiim4 plmreimidwhy betvaehuthertop 204t betpainr o@f thet ¢aors is
effective | Lo a r I o] Legi.on. 6. The r of

A dd RRE L Lin BBE0K 8L REISONELSH OGO RonR oThe G

claim4 o . rern the sens centering srgnalis Stee & one or
t he ot her Jh1X5 43 obpostdpurpeae opf. dgscripttve simplaificetiwherein the

steared si ghal ridt Bparef HELIBRDEOPECR! +8852PH18E<0brt BROBRSEY.
act uat or s 30 frnads S8 18k N PLSE ol "oh S A ML NELS' Bonnaction N9 MEANS
conpri ses:
between the floor and ceiling, we may view the car or cab
as a solid or stiff cube having a three axis Cartesian
coordinate system with its origin in the center and
i5 subject to translations along, and rotations about, the
horizontal axes and rotations about the vertical axis.
The force command signals in both the floor and at
the top of the car or cab may be generated, for example,
by first resolving the sensed position (gap) signals into
20 components along the axes of the Cartesian coordinate
system 30 of Fig. 3 (which would be located with its
origin in the plane of the floor or ceiling depending on
which independent control system is being treated) as in
the equations which follow,

25 P

x+

I
Il

(P, + P;)/(2KCS), P (P, + P,)/(2KCS),
. = (Py + P,)/(2KCS), P (P, + P,)/(2KCS),
o = (P, + P5)/2, P,. = (P, + P,)/2,

4s.
I

and then, based on the above, computing or selecting P,

P, and P, (which together specify the absolute position
P, and P, and Py,

X+ y
and P, . P, for example, may be computed as follows:

P, = (P, - P, _)/2.

X

30 of the car or cab), from P. and P

Or, one can select P, or P _, depending on which
quantity is smaller. (Note: For large gaps, i.e., for

35 large P,, or P _, the value is likely to be inaccurate and




means for sensing acceleration horizontal axis for providing a car 35
signal having a magni tude indicati mmeans for sensing accel eration

hori zontal axis parallel to the car along a car | ower bottom accel eration
t hereof; along a car upper |ower horizontal - 85 23 June 2004 axis, for
providing a car top acceleration signal having a nmagnitude indicative

t hereof ; and wherein the actuator conpriéls: neans responsive t? ?‘%F P
bottom accel eration 5 signal for _exerting a counterforce agains e car
bottom in a™@¥r && iBFGPt e e s heRecearentnbdt 26mH Beed| &Cati on;
and nmeans r aspeiwive tpbélhg&achm@pcmﬁﬁ@tw@pém@meé f"or @xertF Ndag
counterforce a| nsty ?Fr p4é na 105_{jxlmrfCtalnc()£]s 03| ?"bﬁ td’fadt he
sensed car %&3 Ek er t]irb 19- g stan
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Fpe\,: F, = (KCS)(FP@) Fpa_: F, = (KCS)(FPG_)
Fy = (KCS)(FW) F = (KCS)(FPQ_)
where F = force, and
KCS = cos(45°) = sin(45°) = 0.707,

which are then summed with the acceleration
25 signals F,, F,, F;, F, (such as the signal on line 364 or
line 382 of Fig. 20) generated in the manner previously
described.
It should be realized that a valid position reading
will only be available from the flux sensors of the type
30 described if its associated force actuator is being
driven. This means that any processing algorithm must be
dependent upon whether or not there are magnet coil
actuation currents present.
An additional teaching of our invention is that the
35 electromagnets may be used to control the position of the
car or cab at stops, e.g., to bring the suspended or

supported car or cab to rest with respect to the frame
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10 the position of the suspended or supported car or cab.

To repeat the previous example, if the cab platform 200
of Fig. 14C is oriented in the hoistway such that the
left hand vertical edge of the cab represents the cab's
sill in alignment with a hoistway door sill 700, then the
15 signal processor 20 df Fig. 16 may be programmed to
provide force command signals to actuators 210, 214 in
order to provide the attractive forces needed to force
the suspended cab up against, e.g., stops 702, 704
mounted in the car frame 202 so as to push the cab sill
20 into position at rest with respect to, and in close
alignment with the hoistway entrance sill after the frame
202 comes to rest.
The method used to accomplish the same is shown in
Fig. 51 where a stop signal is provided in a step 720
25 from means 722 (which may be incorporated in the
processor 532 in an additional role of controlling a car
or group of cars) for indicating the car frame has come
to rest, providing a stop or stop command signal and, in
response thereto, an actuator 724 (which may be actuators
30 210 and 214 acting in concert) provides an actuating
signal as shown in a step 726 for causing a suspended cab
728 (which may be cab 200) to come to rest with respect
to the car frame (which may be frame 202) such that the
cab sill is adjacent to the hall sill and motionless with
35 respect thereto.

A similar set of stops 730, 732 can be provided at

each landing for the car of Fig. 15 to be pushed against
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Cloqu&f()ééﬁ?@%étiéﬂ:5¥@%(ﬁof;€$§?§§31fs, it is also possible to

employ contact-type, active actuators. For example, Fig.

10 49 shows a standard rail 750 attached to a hoistway wall
752 having three contact-type actuators having wheels
754, 756, 758 in contact therewith for guiding an
elevator car. Fig. 50 shows one of the actuators 760 in
detail having wheel 754 associated therewith actuated

15 with a solenoid 762 having a coil 764 similar to a coil
which would be used in an electromagnetic actuator of the
previously disclosed, contact-less type. The other
wheels 756, 758, would have similar solenoids associated
therewith.

20 Referring back to Fig. 49, it is, of course,
standard practice to provide one or more guide rails for
each elevator car in an elevator system to guide and
stabilize the car as it moves up and down between floors.
In such guide rails, wheels mounted by means of springs

25 on the car typically ride on the rail for guidance and
motion control of the car.

Since an elevator car needs to be guided to remain
along the specified path of travel, the guide rails have
to withstand all the forces that may result from, for

30 example, normal elevator operation and emergency stops.
In general, the guide rail can be of any shape capable of
constraining the elevator in its path. The problem then
becomes finding the most economical shape.

It is now standard for such rails to have an

35 inverted "T" shaped section, with the elevator car having
three wheels riding on different parts of the guide rail

typically in the arrangement as shown in Fig. 49. As can
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great a ratio of strength to weight as may be desired.

The present invention is designed to provide an

improved guide rail design, which can achieve at least

10 the same amount of strength with relatively less weight
or to at least to achieve a higher strength to weight
ratio than that of the standard inverted "T" section
rail, while still achieving a comparable (if not equal or
greater) amount of guidance and stabilization control as

15 achieved by the standard, established design. Moreover,
the improved design is particularly suited to the use
suggested in Figs. 5 and 7.

Although others, including a relative of the very

"father" of the elevator, have suggested other configura-

20 tions for the guide rails, for example, one with a wyv
shaped section with two wheels riding on the exterior,
diverging sides of the "V" (note e.g. U.S. Patent No.
134,698 issued Jan. 7, 1873 to Charles R. Otis), each of
these, it is believed, fail to achieve the desired

25 combination of control with as good a strength to weight
ratio as achieved in the present invention.

Another configuration known is a round tubular
shape, similar to a pipe, but this design has generally
been limited to cases where emergency stopping by safety

30 brakes is not necessary. Other shapes considered for
guide rails have included, for further example, a "hat"
shape somewhat like an inverted, flat bottomed, inverted
"U" with end tabs, a "bell" shape, and a rectangular
tubular shape.

35 For further background or general information on an
overall elevator car guide system and its mountings and

interrelationships with other parts of the elevator
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~ K~ K & (9ystem w1th Three Guide Rails." See also, for further
5 example, U.S. Patent 3,669,222 issued June 13, 1972
entitled "Guiding and Dampening Device" of Takamura et
al, and U.S. Patent 4,754,849 issued July 5, 1988
entitled" Control System for Elevator Cage Guide Magnets"
of Ando.

10 As can be seen in Figs. 53 and 54, the preferred
embodiment of the longitudinally extended guide rail 1 of
this aspect of the present invention 1ncludes a base or
blade section 2 with two, preferably 1ntegrally formed,
diverging blades or legs 3 with the legs terminating in

15 end tab portions 4. The end tab portions are used for
mounting and fastening the guide rail 1 to the building
structure. The two diverging legs form between them a
void 3A.

As can be seen in Fig. 53, three guide wheels 5A, 5B

20 and 5C interface with the base or blade section 2, in
similar fashion and configuration as they did with the
m shape guide rail, as illustrated in Fig. 52. The two
opposed wheels 5A and 5B bear against the opposed sides
of the blade section 2, while the intermediate wheel 5C

25 bears against the distal tip of the blade section.

The comparative characteristics of the "T" shape and
the "Y" shape are compared in detail in the chart of Fig.
55, using an exemplary sixty-six and 72/100 Newton (66.72
NT) "T" rail for comparative purposes. Tables 1 and 2 of

30 Fig. 55 give the corresponding dimensions and properties
of the two shapes, showing that the corresponding Y-shape
can replace the present, prior art "T" rail with savings
in weight of about eighteen (18%) percent.

Thus, as can be further seen from Table 2, the Y-

35 shape of the invention is slightly better in section
properties than the corresponding T-shape and yet weighs
eighteen (18%) percent less. The overall dimensions of
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roller guides, sliding guides, safetles, etc., used at
present with the T-shape rail, can also be used with the
Y~shape of the invention without any change. It is also

10 noted that the legs or blades 3 of Fig. 53 can be used to
support wheels or electromagnetic flux as shown in Fig.
54.

The Y-shape rails of the invention can be rolled in-
steel mills in pieces of desired length, for example,

15 four and 88/100 meters (4.88 m) each. Machining of the
blades can be done easily in milling or planing machines,
in similar fashion to that done for the "T" rail.
cutting of mating slots at the end and drilling of holes
in the "Y" shaped guide rail would typically be included

20 and are made as easy as in the "T" shaped rail.

Figs. 56 and 57 are still other illustrations of an
embodiment of means for carrying out the present
invention, in the form of an "active" roller guide,
showing details of a roller cluster 1000. Although one

25 of the rollers (side-to-side) is elevated with regpect to
the other two, it will be appreciated that the roller
cluster 1000 is a relatively conventional arrangement of
rollers on a rail 1001. However, we are only aware of
such clusters being used passively and we know of no such

30 prior art roller cluster used with actuators.

The cluster 1000 includes a side~-to-side guide
roller 1002 and front-to-back guide rollers 1004 and
1006. The roller cluster 1000 is mounted on a base plate
1008 which is fixed to an elevator cab frame crosshead

35 (not shown). The guide rail 1001 will be a conventiocnal,

generally T-shaped structure having basal flanges 1010

for securement to the hoistway walls 1012, and a blade
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plate 1008 so that the rollers 1002, 1004 and 1006 can
engage the blade 1014.
As shown most clearly in Fig. 57, the side-to-side
10 roller 1002 is journaled on a link 1022 which is
pivotally mounted on a pedestal 1024 via a pivot pin
1026. The pedestal 1024 is secured to the base plate
1008. The link 1022 includes a cup 1028 which receives
one end of a coil spring 1030. The other end of the
15 spring 1030 is engaged by a spring guide 1032 which is
connected to the end of a telescoping ball screw
adjustment device 1034 by a bolt 1036. The adjuster 1034
can be extended or retracted to vary the force exerted on
the 1link 1022, and thus on the roller 1002, by the spring
20 1030. The ball screw device 1034 is mounted on a clevis
1038 bolted to a platform 1040 which in turn is secured
to the base plate 1008 by brackets 1042 and 1044. The
use of the platform 1040 and brackets 1042 and 1044
allows the assembly to be retrofitted on a conventional
25 roller guide assembly directly on the existing baée plate
1008. The ball screw device 1034 is powered by an
electric motor 1046. A ball screw actuator suitable for
use in connection with this invention can be obtained
from Motion Systems Corporation, of Box 11, Shrewsbury,
30 New Jersey 07702. The actuator motor 1046 can be an AC
or a DC motor, both of which are available from Motion
Systems Corporation. The Motion systems Model
85151/85152 actuator has been found to be particularly
suitable for use in this invention. These devices have
35 the AC or DC motor 1046 attached to a gear reducer 1048

for motor speed reduction to drive the ball drive

actuator which is an epicyclic ball screw 1034, only the
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& ()-4 1048 to a lip on the rear of the spring holder 1032 in
order to measure the linear extension of the screw. Of
course, other position sensors may be used as well.
The guide roller 1002 is journaled on an axle 1050
which is mounted in an adjustable receptor 1052 in the
10 upper end of the link 1022. A pivot stop 1054 is mounted
on a threaded rod 1056 which extends through a passage
1058 in the upper end 1060 of the pedestal 1024. The rod
1056 is screwed into a bore 1062 in the link 1022. The
stop 1054 is operable by selective engagement with the
15 pedestal 1024 to limit the extent of movement of the link
1022 in the counter-clockwise direction about the pin
1026, and therefore limit the extent of movement of the
roller 1002 in a direction away from the rail, which
direction is indicated by an arrow D. The pedestal 1024
20 is formed with a well 1064 containing a magnetic button
1066 which contains a rare earth compound. Samarium
cobalt is a rare earth compound which may be used in the
magnetic button 1066. A steel tube 1068 which contains a
Hall effect detector (not shown) proximate its end 1070
25 is mounted in a passage which extends through the link
1022. The magnetic button 1066 and the Hall effect
detector form a proximity sensor which is operably
connected to a switch contrelling power to the electric
motor 1046. The proximity sensor detects the spacing
30 between the magnetic button 1066 and the steel tube 1068,
which distance mirrors the distance between the pivot
stop 1054 and the pedestal 1024. Thus as the tube 1068
and its Hall effect detector moves away from the magnet
1066, the pivot stop 1054 moves toward the pedestal 1024.
35 The detector produces a signal proportional teo the size
of the gap between the detector and the magnetic button

1066, which signal is used to control the electric motor




10 10 10

4DZWU3M PH! yt $10%&' () - 4! Kt $10% - & () - 4!\t $10%8&&' () - 4! Ut $10% - & () - 4! Ut $10%

448 ()-4! @$10%\ & ()-4_oM PH yt $109% 8H$10% u| u& () - 3+ HE10%& () - 3+! 89$10%
| & ()-3+ $10%0 O & ()-3+ 10 10

104>WX9M PH! y1109D&' () - HB109Dx&' () - 3+! UH$109JJ&" () - 3+! UH$L10%J& () - 3+! GH$10

Zﬁcf (1%” 3+ 8HS10% ; | ; & () - 3+>0M PH y1T06PGr$10%& () - 65! t $10%0 Oy&1( ) A4

10| |1 8H2" 10894 & Yhergdy189@+ PR Foren, W33 Pt dfofq5edsi e B t9x<& ()-6

} Mmpﬁlla)/g?gh/f)%?gijﬁ&mm%a&r@)u@&l @BI0R1 A3dwad'd o165 FHvB1S 91T] €8& ( ) - 65hi | kr
0 o4 * 0,

10jj! U $10%7?k1()a§5 ZEB%AZQ{*J) b%sl URCERIANE 3" dBS RSB pH + (100& (

) - 65! * (10%8ceNtBEEL* (sye@z@m( pmssbve@mme( BEE AOEh@yY) 185 prevenped () - 653d

t 6789 [ M P, '*élg hilc st prevented from establishin

10! *( 10%&' 10%&' P98 PTodsat (P onl hh( 10999¢/ %659 @X <M PH 1 4" 10
OR () -*(! Popr%mgeyl CGP*-EG%& afh dheopedss tﬁa'b/lz@ A% gsures

7WU3M PH! U’ &.ﬁg(& b1 16rCHibDAYE AN Holrd THIE t(cb e 'cﬁrﬂﬁ& Ky -tHeé NspBUEL () - * (!

G006 O SLsQrE NS00 AN S i ace 2000 by
the stop 1054 and pedestal 1024. Slde-to—51de canting of

10 the car by asymmetrical passenger loading or other direct
car forces is also corrected. As mentioned, the electric
motors 1046 can be reversible motors whereby adjustments
on each side of the cab can be coordinated in both
directions, both toward and away from the rails.

15 Referring now to Figs. 56, 57 and 58, the mounting
of the front and back rollers 1004, 1006 con the base
plate 1008 will be clarified. Each roller 1004, 1006 is
mounted on a link 1070 connected to a pivot pin 1072
which carries a crank arm 1074 on the end thereof remote

20 from the roller 1004, 1006. Axles 1076 of the rollers
1004, 1006 are mounted in adjustable recesses 1078 in the
links 1070. The pivot pin 1072 is mounted in split
bushings 1080 which are seated in grooves 1082 formed in
a base block 1084 and a cover plate 1086 which are bolted

25 together on the base plate 1008. A flat spiral sbring
1088 (see Fig. 59) is mounted in a space 1089 (see Fig.
56) and has its outer end 1090 connected to a rotatable
collar (not shown) which is rotated by a gear train (not
shown) mounted in a gear box 1094, which gear train is

30 rotated in either direction by a reversible electric
motor 1096. The spiral spring 1088 is the suspension
spring for the roller 1006, and provides the spring bias
force which urges the roller 1006 against the rail blade
1018. The spiral spring 1088, when rotated by the

35 electric motor 1096 also provides the recovery impetus to
the roller 1006 through crank arm 1074 and pivot pin 1072

to offset cab tilt in the front-to-back directions caused
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%&f()-5#}0N7P!!Ctt§&9%§§!ﬁb§l@%ﬁn sensor (not shown) such as an
RVDT, a rotary potentiometer or the like, may be provided
5 for fulfilling the function of the sensor 127a of Fig. 9.
Such sensor may be attached at one end tc the crank arm
1074 and on the other to the base 1008.
Each roller 1004 and 1006 can be independently
controlled, as shown below in Fig. 69, by respective
10 electric motors and spiral springs if desired, or they
can be mechanically interconnected and contreolled by only
one motor/spring set, as shown in Figs. 56 and 60.
Details of an operable interconnection for the rollers
1004 and 1006 are shown in Fig. 60. It will be noted in
15 Figs. 58 and 60 that the links 1070 have a downwardly
extending clevis 1098 with bolt holes 1100 formed
therein. The link clevis 1098 extends downwardly through
a gap 1102 in the mounting plate 1008. A collar 1104 is
connected to the clevis 1098 by a bolt 1106. A
20 connecting rod 1108 is telescoped through the collar
1104, and secured thereto by a pair of nuts 1109 screwed
onto threaded end parts of the rod 1108. A coil spring
1110 is mounted on the rod 1108 to bias the collar 1104,
and thus the link 1070 in a counter-clockwise direction
25 about the pivot pin 1072, as seen in Fig. 60. It.will be
understood that the opposite roller 1004 has an identical
link and collar assembly connected to the other end of
the rod 1108 and biased by the spring in the clockwise
direction. It will be appreciated that movement of the
30 link 1070 in clockwise direction caused by the electric
motor 1096 will also result in movement of the opposite
link in a counter-clockwise direction due to the
connecting rod 1108. At the same time, the spring 1110
will allow both links to pivot in opposite directions if
35 necessary due to discontinuities on the rail blade 1018.
A flexible and soft ride thus results even with the two
roller links tied together by a connecting rod.
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such as samarium cobalt. A steel tube 1118 is mounted in

a passage 1120 in the link arm 1114, the tube 1118

carrying a Hall effect detector in its lower end so as to

10 complete the proximity sensor which monitors the position
of the link 1070. A pivot stop 1122 is mounted on the
end of the link arm 1114 opposite the block 1112 so as to
limit the extent of possible pivotal movement of the link
1070 and roller 1006 away from the rail blade 1014. The

15 distance between the pivot stop 1122 and block 1112 is
proportional to the distance between the Hall effect
detector and the magnetic button 1116. The Hall effect
detector is used as a feedback signal operable to
activate the electric motor 1096, for example, whenever

20 the stop 1122 comes within a preset distance from the
block 1112, whereupon the motor 812 will pivot the link
786 via the spiral spring 804 to move the stop 836 away
from the block 824 or, as another example, in a
proportional, proportional-integral, or proportional-

25 integral-derivative type feedback loop so that the
position signal is compared to a reference and the
difference therebetween is more or less continually
zeroed by the loop. The position sensor 1049 of Fig. 57
may also be used to keep track of the position of the

30 actuator with respect to the base 1008 as described below
in connection with Fig. 69. In any event, this movement
will push the roller 1006 against the rail blade 1014 and
will, through the connecting rod 1108, pull the roller
1004 in the direction indicated by the arrow E, in Fig.

35 60. The concurrent shifting of the rollers 1004 and 1006
will tend to rectify any cant or tilting of the elevator

cab in the front-to-back direction caused, for example,
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plate 1008. As previously described, the shaft 1034 of
the ball drive exerts forces along the axis of the ball
screw against the pivoted link 1022, The link 1022
pivots at the point 1026 and extends down below the pivot
point to the electromagnet coils 1130, 1132 and has a
face 1138 separated from the core faces of the
electromagnet core 1134 for receiving electromagnetic
flux across a gap therebetween.

Fig. 62 is an illustration of the cup 1064, which
should be of ferromagnetic material, with the rare earth
magnet 1066 mounted therein. The depression in the cup
may be 15 mm deep and have an inside diameter of 25 mm
and an outside diameter of 30 mm, as shown, for example.
The sleeve 1068 may have a length of 45 mm with an inside
diameter of 12 mm and an outside diameter of 16 mm, for
example. A hall cell 1140 is shown positioned near the
opening of the tube 1068 so as to be in position to sense
the flux from magnet 1066. The composition of the tube
is ferromagnetic, according to the teachings of the
present invention, in order to enhance the abilit§ of the
hall cell to sense the flux from the magnet and also to
provide shielding from flux generated by the
electromagnets mounted elsewhere on the roller guide.

Specification for Position Transducers

1. Magnetic transducer may be used.

2. Operating Range: 10 mm

3. Repeatability: 0.1 mm

4. Temperature Range: 0-55C

5. Tenperature Coef.: <.02%/C

6. Magnetic Field 100 Gauss at a distance of 30 mm
Sensitivity: should not affect transducer

output by more than 0.5%.
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Power Voltage: 9-15 VDC

8. Leads: Use separate signal and power
grounds. Use twisted shielded
pairs.

Fig. 63 shows such a hall cell 1140a mounted on a
face of the reaction plate 1138 with a projection 1134a
of the electromagnet core 1134 onto the plate 1138
associated with coil 1130 (shown also in a projection
1130a) shown in Figs. 56, 57 and 61. The sensor can also
be mounted on the face of the core itself but could get
overheated in that position.

Specification for Hall Sensor Assembly
Application is on or opposite face of electromagnet.
Operating Range: .05 to 1.0 Tesla
Accuracy: 5% tolerable, 2% desired
Scale Factor: 10 V/Tesla
Temperature Range: 0-55C
Temperature Coef.: <.02%/C
Thickness: Must not exceed 2.0 mm
Power Voltage: *12 to 15 VDC

.
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Leads: Use separate signal and power
grounds. Use twisted shielded
pairs.

Turning again now to the front-to-back roller 1006,

a pair of electromagnets 1144, 1146 is shown in Fig. 57.

A block 1148 portion of link 1070, shown in Fig. 58 in

perspective and in Fig. 60 in section, has an extension

1150 shown in Figs. 57 and 60 (not shown in Fig. 58)

having a face 1152 opposite a pair of core faces

associated with a core 1156 upon which coils 1144, 1146

are mounted, conly one face 1154 of which is shown in Fig.

60.

Fig. 64 is a side view of a ferromagnetic core such

as is used for mounting the coils 1130, 1132 of Fig. 56

or the coils 1144, 1146 of Fig. 57. The dimensions shown

are in millimeters. Fig. 65 shows a top view of the same

core with the depth dimensions shown along with a pair of
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5 pairs, each having, for example, 1050 turns of wire
having a diameter of 1.15 mm. The cecil connection shoulad
be series with the possibility made for parallel
reconnection. The wire insulation can be heavy (double)
build GP200 or equivalent rated at 200C. The

10 impregnation can be vacuum-rated at 180C or higher. The
coil working voltage may be on the order of around 250
volts and the coil itself may be high potential to ground
tested at 2.5 kilovolts or similar, as required. The
coil leads for hookup may be stranded wire, having a

15 diameter of 1.29 mm, and about 50 centimeters in length.
The weight is approximately 2.0 kilograms, consisting of
0.8 kg of iron and 1.2 kg of copper. At an air gap of 2-
10 mm with a flux density of about 0.6 Tesla, a force of
about two hundred Newtons can be achieved. Such a design

20 is adequate for the active roller guide disclosed above,
It has a force capability reserve of more than twice
needed.

Fig. 66 illustrates a pair of active roller guides
1140,1142 mounted on the bottom of an elevator car 1144

25 for side-to-side control. Fig. 66 also illustrates a
control for a corresponding pair of electromagnets 1146,
1148. Acceleration feedback is utilized in the described
control circuit for the electromagnets, although other
means of control may be used. Acceleration control will

30 be described in detail in conjunction with position
control of the high-force actuators in connection with
Fig. 69. An accelerometer 1150 measures the side-to-side
acceleration at the bottom of the platform, and it may be
positioned inbetween the two active roller guides 1140,

35 1142. The direction of sensitivity of the accelerometer
is shown by an arrow labelled S-S and would be

perpendicular to the hoistway walls. A sensed signal on
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1310988 ()summers 1168, 1170 from a potentiometer 1172 which is
biased with an appropriate voltage to provide the force
20 summation technique illustrated in Fig. 67. This allows
a smooth transition between the two electromagnets. A
pair of pulse width modulated controls 1174, 1176 are
responsive to summed signals from the summers 1168, 1170

and provide signals on lines 1178, 1180 having variable

25 duty cycles according to the magnitudes of signalé on
line 1182, 1184 from the summers 1168, 1170,
respectively.

The force feedback on line 1158 is provided from a

summer 1186 responsive to a first force signal on a line

30 1188 and a second force signal on a line 1190. A
squaring circuit 1192 is responsive to a sensed flux
signal on a line 1194 from a Hall cell 1196 and provides
the first force signal on line 1188 by sguaring and
scaling the flux signal on line 1194. Similarly, a

35 squaring circuit 1198 is responsive teo a sensed flux
signal on a line 1200 from a Hall cell 1202. The pair of

Hall cells 1196, 1202 are mounted on or opposite one of




1 S10%#& ()- . t$1098& ()- _kKI Ynmmm| [: bU410  10%7##& ()- 109 & & () -
0% & & ()- Hy&L0% (& ()-T  y&10%: $7& ()-T ] y&L0% &( & ()-Tnn
0\ 0005p| Z9bU410 #&$10%#$#& ()-! #&P10%>& ()- !i!110% & & ()-
i | 1098&#&' () - mlO%&#& () - 10%#&#&' ()-5pqr9r Rr SrTr Ur\ r{naT310

“10%0' } & ()-10&810&10& \8109%&&' ()- !,\810% 1 & ()- #&$10% Z% & () -
#8&$10% &( & () - \r| rvrrrt ul [:aT310 Hyg@&O%) & ()-2 ys@10%' & )rde 2004

@LO%HE! Y5 @10 YO40
oo 1 & (518 (A antggo5y PENRRET 1 BETBEBTE O BIECT SRR 1) - 2
ys@%égg%/8%§ﬁdérFﬁg@BéO%?&h(peglyiéﬁlﬂ%&&b G&eZthe fluglbetween the
-ySs ‘%' & '
@ 810% % &% #g%&gmg%é}' L%.?Néﬁ% ét%’g:?%% @%éé&'lf@ﬂ 1y 41 %Nf(A}tt}gé 10
@ &10%R& ()rdl1ed I0YRAS (1140, HELA20WR' ()-# @ &10% & () - #/ @ &10%8&' () - #/

@ 51090 58 () -7 ofigh | ¥QUL10p HELEAAY S16) LD FI0WE i1 be
109%9&' ()-10"10' 10 109% - #/ E%&lo%wﬁf Qnoj[:vVv

) (] 4100 & R39TC=TEed1o FaEEY. PY°) Eha1GopReFAE AT REESRIE 1B 1 (] a10%

"& ()-13 ) {dSd8YE#&h (ohBECHLLY WihOFi#&10%H&NE) 28 .04 0%& () -

109%& ()- 101100 1@ o signal processor 1158 of Fig. 66 is shown in
more detail in Fig. 68. There, an integrated circuit

10 1230, which may be an Analog Device AD534, is responsive
to the force command signal on line 1156, the first flux
signal on line 1194, and the second flux signal on line
1200 and provides the force error signal on line 1162 as
shown in Fig. 66. A PI controller 1252 amplifies the

15 force error signal and provides an amplified signal on a
line 1254 to a 100 volt per volt (gain of 100) circuit to
the precision rectifier or diode steering circuits 1164,
1166, similar to that shown in simplified form in Fig.
66. An inverter 1258 inverts the output of steering

20 circuit 1164 so that signals on lines 1260, 1262 applied
to summers 1168, 1170 are of corresponding polarities.
The summed signals on lines 1182, 1184 are provided to
PWM controllers which may be a Signetics NE/SE 5560 type
controllers. These provide variable duty cycle signals

25 on the lines 1178, 1180, which are in turn providéd to
high voltage gate driver circuits 1260, 1262 which in
turn provide gating signals for bridge circuits 1264,
1266 which provide current to the electromagnets 1146,
1148.

30 Amplifiers 1268, 1270 monitor the current in the
bridge and provide a shutdown signal to the PWM controls
1174, 1176 in the presence of an overcurrent.

Also, a reference signal can be provided by a

potentiometer 1272 to a comparator 1274 which compares

35 the output of current sensor 1270 to the reference signal
and provides an output signal on a line 1276 to an OR

gate 1278 which provides the signal on line 1276 as a
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10 exceeds the over—-temperature reference. In that case,
the signal on the line 1280 is provided to the high
voltage gate driver to shut down the H-bridge. Although
most of the above-described protective circuitry of a
current and over-temperature is not shown for the H-

15 bridge for magnet number 1 (1146), it should be realized
that the same can be equally provided for that bridge,
but is not shown for purposes of simplifying the drawing.

Turning now to Fig. 69, a system-level diagram is
presented to show a control scheme for a pair of opposed

20 guides such as the side-to-side active roller guides
1140, 1142 of Fig. 66. The diagram includes both
acceleration feedback as described, for example, in
detail above for the pair of small actuators 1146, 1148
and position feedback for a pair of high-force actuators

25 such as the screw actuators 1300, 1302. It shoui& be
understood that the scheme of Fig. 69 is also applicable
to independently controlled opposed (on opposite sides of
the same rail blade), front-to-back suspensions, i.e.,
for those not mechanically linked as in Fig. 60. The

30 elevator car mass 1304 is shown in Fig. 69 being acted on
by a net force signal on line 1306 from a summer 1308
which is responsive to a disturbing force on a line 1310
and a plurality of forces represented on lines 1312,
1314, 1316, 1318, 1320, and 1322, all for summation in

35 the summer 1308. The disturbing force on line 1310 may
represent a plurality of disturbing forces, all

represented on one line 1310. These disturbing forces
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disturbances at higher fregquencies. The forces
represented on lines 1312-1322 represent forces which
counteract the disturbing forces represented on line
1310. In any event, the net force on line 1306 causes

10 the elevator mass 1304 to accelerate as manifested by an
acceleration as shown on a line 1324. The elevator
system integrates the acceleration as indicated by an
integrator 1326 which is manifested by the car moving at
a certain velocity as indicated by a line 1328 which is

15 in turn integrated by the elevator system as indicated by
an integrator 1330 intc a position change for the
elevator car mass as indicated by a line 1332.

Both of the electromagnets 1346, 1348 and driver, as
represented by the signal processor 1358 of Fig. 66, are

20 together represented in fig. 69 as a block 1334
responsive to a signal on a line 1336 from a summer 1338
which is in turn responsive to the force command signal
on line 1156 from the digital signal processor 1154 of
Fig. 66, represented in Fig. 69 as a "filters & )

25 compensation" block similarly numbered as 1154. This
block carries out the compensation and filtering
described in detail in connection with Figs. 4 and 5. A
position control speed-up signal on line 1340 may be
provided from the gap error signal on line 1398. Suffice

30 it to say that the speed-up signal may be used to permit
the fast control to assist the slow control. Such
assistance is also inherently provided by direct sensing
by the accelerometer. The accelerometer 1150 of Fig. 66
is shown in Fig. 68 being responsive to the elevator car

35 acceleration, as represented on line 1324 but as also

corrupted by a vertical component of acceleration, as

shown on a line 1350, being summed with the actual
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)] &10%#&' ()-?3 It will be appreciated that the two electromagnets
1146, 1148 of Fig. 66 do not present a problem of
"opposition" or "fighting"™ each other because of the fact
15 that control is steered between the two. For the case of
two opposed, large size actuators, e.g., the two ball-
screw actuators 1300, 1302, we have a similar problem in
operating them independently since they may end up
"fighting" each other. Now we shall present a concept
20 for controlling the two high~force actuators 1300, 1302
of Fig. 66 by steering actuation to one or the other of
the actuators.
The novel technique of developing a centering
command signal and the steering of that signal to control
25 two opposed actuators, as shown in Fig. 69, will be
explained in conjunction with Fig. 70. Reference points
are marked by zeros. A pair of elevator hoistway walls
1360, 1362 has a corresponding pair of rails 1364, 1366
attached thereto. Upon the surface of each rail a
30 primary suspension, such as a roller 1368, 1370 rolls on
a surface of the corresponding rail at a distance
respectively labelled XRAIL2 and XRAILl1l. A spring

constant K2, shown in Fig. 69 as a block 137la, acts

between rollers 1368 and actuator 1300 while spring

35 constant K1, shown in Fig. 69 as a block 1371b, acts
between roller 1370 and actuator 1302. The position of
the actuator 1300 with respect to the car 1304 is
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Similarly, a position sensor 1378 measures the quantity
15 GAP2 of Fig. 70. It should be understood that although a
pair of sensors 1376, 1378 are shown in Figs. 66 and 69,
such function of measuring the gaps (GAPl and GAP2) may
be carried out by a single sensor albeit without the self
centering quality of the signal obtained by taking the
20 difference between two GAP signals. It will be realized
by examination of Fig. 69 that the measured guantities
are related to the quantities shown in Fig. 70 by the
following equations: .

GAP1
25 GAP2

~-POS - XRAIL1l + GAP10, and
POS - XRATLZ + GAPZ20.

Il

Tt will be noted that Fig. 69 is similar to Fig. 18
in many respects, except there are two position sensors
1376, 1378 responsive to the position (P0OS) of the cab,
as indicated on the line 1332 and alsoc the additional

30 inner loops having position sensors for retracting the

large actuators back to the home or zero position
whenever not being actively used as an actuator. In Fig.
70, two gap position lines (GAP10 and GAP20) represent

the distances between the car and the hoistway walls when

35 the car is centered. These are further represented as
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(centering control) signal on a line 1398 to a lag filter
10 1400 which provides a filtered centering contrel signal
on a line 1402 to a junction 1404 which provides the
filtered difference signal to each of a pair of precision
rectifiers 1406, 1408 which together with the junction
1404 comprise a steering control 1409 for steering the
15 filtered centering signal on the line 1402 to one or the
other at a time, i.e., not both at the same time. A pair
of geared motor controls 1410, 1412 is shown, one of
which will respond to the steered centering command
signal by moving at a relatively slow velocity as
20 indicated on a line 1412 or 1414 as integrated by the
system as indicated by integration blocks 1416 or 1418 to
an actuator position (X1 or X2) as indicated on a line
1420 or 1422 for actuating a spring rate 1371d or 1371c
for providing the force indicated by line 1316 or 1314.
25 It should be realized that in this control system.
diagram, the spring rates 1371b and 1371d are associated
with the same spring which is actuated by actuator 1410.
Similarly, spring rates 137l1la and 1371c are associated
with the same spring, in this case actuated by actuator
30 1412. A pailr of position feedback blocks 1420, 1422 are
responsive to the actuator positions indicated by lines
1420, 1422 and include position sensors for providing
feedback position signals on lines 1428, 1430 indicative
of the position of the actuator with respect to the car.
35 These position signals may be subjected to signal

conditioning which may comprise providing a low gain

feedback path. A pair of summers 1432, 1434 are
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steered by the steering control for providing difference
signals on lines 1436, 1438 indicative of the difference

5 therebetween. It should be understood that one signal of
a pair of output signals on lines 1440, 1442 from the
precision rectifiers 1406, 1408 will comprise the steered
centering command signal on line 1402 and the other will
be zero. By zero we mean a command having a magnitude

10 equal to that required to cause the actuator to return to
its zero position which will be that position required to
maintain at least the desired preload on the primary
suspension.

Referring now to Fig. 71, the response of a position

15 transducer, such as is shown in Fig. 62, is shown. This
is an experimentally determined response. Although the
response for a particular transducer is shown, it will be
realized that any other suitable type of position sensor
may be used, including linear position sensors. The

20 summation of the two signals on the lines 1392, 1394 is
shown in Fig. 70 over the whole range of displacement of
the elevator car (scaled to the particular sensing
arrangement we have-shown). The positioning of the links
on the active guides according to the embodiment shown is

25 such that no more than ten millimeters of displacément is
to be expected. Thus, it will be seen that the two
position sensors for the corresponding two roller guides
can be combined in a seamless response, such as shown in
Fig. 72, for presentation to the lag filter 1400 of Fig.

30 68.

Although this invention has been shown and described
with respect to at least one detailed, exemplary embodi-
ment thereof, it should be understood by those skilled in
the art that various changes in form, detail, methodology

35 and/or approach may be made without departing from the
scope of this invention.
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position sensing means, responsive to the degree of
10 centering of the car for providing a sensed signal
having a magnitude indicative of a horizontal position
of the car; and
control means, responsive to the sensed
acceleration signal for controlling actuator means for
15 horizontally actuating the car against the acceleration
wherein _
when supplying the acceleration signal to the
actuator means, the control means is also responsive to
the signal from the position sensing means, thereby to
20 compensate for the components of the acceleration signal
not representative of the actual horizontal acceleration
acting on the elevator car and to compensate for forces

acting on the car tending to decentre it.

25 2. The car of claim 1, wherein
the control means is responsive to the sensed
centering signal for integrating or lag filtering the
sensed centering signal, for providing an integrated or
lag filtered signal having a magnitude indicative
- 30 thereof; and wherein
the control means is responsive to the acceleration
signal and to the integrated or lag filtered signal for
controlling the actuator means, such that the actuator
means exerts counterforces against the car in a
35 direction opposite that of the sensed horizontal
acceleration for effectively adding mass to the car in

proportion to the magnitude of the sensed horizontal
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- ‘proportion to the magnitude of the integrated or lag
filtered signal.

5 3. The car of claim 1, wherein the central meahs
includes
comparator means, responsive to the centering
signal and to a comparison signal having a selected
magnitude, for comparing said magnitude of the sensed
10 signal with the selected magnitude of the comparison
signal for providing a difference signal having a
magnitude indicative of the difference therebetween; and
wherein the actuator means is responsive to the
difference signal for actuating the car.
15 _
4, The car of claim 1, 2 or 3 wherein the actuator
means comprises a pair of opposed actuators.

5. The car of claim 4, wherein only one actuator of
20 the pair of actuators is effective at a time except in a
central crossover region.

6. The car of claim 4 or 5, whereip the sensed
centering signal is steered between one or the other of
25 the opposed actuators.

7. The car of claim 6, wherein the steered signal is
steered between one or the other of the opposed
actuators.
30
8. The car of any preceding claim, wherein the sensing
means comprises:
" means for sensing acceleration along a car lower
horizontal axis for providing a car bottom acceleration
35 - signal having a magnitude indicative thereof;
means for sensing acceleration along a car upper
horizontal axis parallel to the car lower horizontal
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axis, for providing a car top acceleration signal having

a magnitude indicative thereof; and wherein the actuator
comprises:

means responsive to the car bottom acceleration
signal for exerting a counterforce against the car
bottom in a direction opposite that of the sensed car
bottom acceleration; and

means responsive to the car top acceleration signal

. for exerting a counterforce against the car top in a

direction opposite that of the sensed car top
acceleration.



