; OPQRe3e, )\ 6Tql VI BRATI ON CONTROLLER AND VI BRATI ON CONTROL METHOD 5 FI ELD
OF THE | NVENTI ON The present invention relates to a vibration controller
foor reducing vibrations of a driven object_driven for nmovenment by a driving
£ ce generating means with respect to diréctions of noverment of the driven
object, and a vibration control 10 nethod of controlling summwmmlmulmwuummg
BACKGROUND ART Cenerally, the output torque of a rotary nmac a
notor, is transforned into driving force acting in a 15 drivingagissecti on
by conbining a |inkage, and belts or ropes with rotating nmenbers to drive a
driven object for h@ﬁﬁz‘h@i@td:@ﬁf?R@]}.’Lﬁﬁ'eAﬁBt@EERH?PEBN”éowi-ﬂoﬁ“lﬁﬁrrﬁoﬁy“em

if the rotating nenber Is eccentric relative to a support ani'sm wit

its axis of rotation not aligned with the axis of the 20 support nechani sm
or if the genter of gravity of trlﬁ Pl i W 'q% not on the axis of
rotation of the rotating nenber anu Lue rotatTng—nenber i s dynamcally
unbal anced, the systEh¢ pPresgndsinyrniion redateiscid a vibnhtiion chatdelien

obj ect for desféfg'e'&‘é@.mibf&h%é%l§d h@eﬂ%@ﬂ@é’@ﬁinéX%cﬁnhogéﬂlegé the
conponents of the elevator systemdriven E a notor are caused to nove
vertically in Bﬁ&ﬁ?iV%m@faﬁqgQﬁ&&%ﬁt%ksn@ﬁ@smﬁihrﬁspnétéuedareﬂtsyesem

is vibrated vestigabbMehd §fn€Hé0&f§Géﬂﬁ69jéB€ raﬁataooieiak 8ndypagteal |y
unbal anceggrot at i n nmenber to sgml ri de qua i t Since the vibration

node of sufh |‘HeT3]H deoti sPRtrohiing Fﬂ‘éhcﬁﬁ’ﬁﬁﬁﬁ:%s@f the systemis
different fromthat of a rotating notion, the in-phase vibrations cannot be

suppressed through the control of the torque of the notor. Therefore, a
general ly known in-phase vibration MM nmet hod i nproves the
mechani cal accuracy Généhellef aindﬂgultpﬁbetoﬁq)uéfﬁt at Pt £6¢ alddniGid Yy sasd
dynam ¢ unbal ance_ of he rotagin e nQt , be sources of vi bratlons
ngever the me? h%dmo JC.) %ragsgermea Eaiy.o 8rivje.ng %orce acting in a
driving direction by combining a linkage, and belts or ropes
with rotating members to drive a driven object for linear

motions by the rotary machine. 1In such a system, if the

rotating member is eccentric relative to a support mechanism
with its axis of rotation not aligned with the axis of the
20 support mechanism or 1f the center of gravity of the rotating
member is not on the axis of rotation of' the rotating member
and the rotating member is dynamically unbalancéd, the system
vibrates and it i1s difficult to drive the driven object for
desired movement. For example, in an elevator system, all
25 the components of the elevator system driven by a motdr are
caused tomove vertically in phase, andanelevator car included
in the elevator system is vibrated vertically in synchronism
with the rotation of the dynamically unbalanced rotating
member to spoil ride guality.
30 Since the vibration mode of such in-phase vibrations
of the components of the system is different from that of
a rotating motion, the in-phase vibrations cannot be
suppressed through the control of the torque of the motor.
Therefore, a generally known in-phase vibration suppressing
35 method improves the mechanical accuracy of the rotating member
so that the eccentricity and dynamic unbalance of the rotating

member may not be sources of vibrations. However, the method

T
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of i‘nmproving the mechani cal accuracy needs tine for processing the rotating
hrenber and incorporating the rotating menber into the systemand hence
|npreases the cost of the system The conventional in-phase vibration
SUppreSS|ng met hod 5 needs to process rotating nenbers included in a system
hi ghly accurately and to |nstaII the same highly accurately, needs to use

material resi edueto vi brat i needs to
brocess the r oF APRG AT R AR naRe AT aF Eac HeeRe Y fRor BROPSSE Re Cost
of the systenthﬂcreaee$n¢0membertabﬁylnoosabratynghEhdesoteﬂlaglMBmyeand
reliability o S lé%é& I t.l tion
has been nadei?ﬁg\??%%{v Etbfé%%é 5%&%0???%%%%@%%%% g’rﬁ%ﬁ% gg}lﬁﬂrefore
an object of the pr@éemonvendianai im-mh@wdebaa\tllbne&umrmng)mBEhod
capabl e ofg su i QS+ iven. ct
that is vi br a{?g%&gaee&ggwf%%@, ynam %ﬁ%ﬁbg{bae\r%ellg&ggé% nrlécgﬁ)/ssé ?fhgﬂ?% ating
menber, of neacrngatiedyrawdfimdnisdad lothehsane rsg@thnpcahna&@am ngeefle cost
of Lhe systemoddhdBlrlP9eLier bRt B4 dall iR, g%m bgb%@%ngo
achi eve the Obj ectives, a vi Bration cont er- accor t o0t resent

[ nyentl on i nchbdeeedsr £oi M IeFTe gbﬁermﬁqmlrmaamgmbgrsdrbm ﬁ@vanaﬁﬁven
obj ect; 25 a EQEﬁBhE}gege”b@dSnQéd;M&‘i'tifr il ebe@nobytﬂ@%y@ﬁew 9gcHQhEE50

t he dr|V|ng force generati ng neans; driving force speci nmeans For
speci fyi A a LRPUILABAYatPoFRuESEY Eéegéﬁéﬂéﬁédabyltlﬁéf éﬂﬂvrﬁglﬁbiééty
generati ng negeStheaBvk®bati Ng noti on nmeasuri ng neans for measuring
rotating notions of tKe 30 rotating nenber; a rotation cal cul ati ng neans

i ncl udi ng an angul ar position transform ng unit that provides an angul ar

position of the rotating nenbesuMMpREheOBaHES NVENEL NIt put of the rotating
notion neasuring ne a tri onorretrlc function processj ng unit tha

cal cul ates a sine oﬁgﬁ E55PRE 33‘“31‘3%0% 38 B&5 b avVieHesF F%}ﬁctl on
of the angijgafopegbungncmemét&ﬂcéﬁﬂfmd Iiezl ﬁ:ﬁlgillieafemﬁfdh hhoabgie&?(dﬂhmge
portion, an in.adjustin nit that, multiplies the ut t of t

tri gonometri c%'fru%e i oﬁh‘ﬁ?%%eggﬁn% PESVE 95y 2 l? Yt W HR i 0338%&6
speci fied dri efrsyuroress oy vitahgomeafisa dmve:mobeectlmgangsbenhpubjebtt he
driving force C n t I f l.ati,on
made by the r(gflgt%l J(')‘Iﬁ)(’l al%%la ‘?%g? ?r@gqgﬁ{a%hg Irlépgg‘lgg%gc% cﬁlcégilt%gc%gns
may further iRgl edeoaaehagemsdybegt.i od meett ingadesigeiddsungtioageoér fheed
adj usti ngPhaggsemdno n&eeee&hgofthe Lc'o@%a'aff l&ﬂ%“s e@ t%%domn Wov@hgt Ne
angul ar position trans orm ng unit this case) 0 angl e xpresged by
the |inear fuftbei s8ldrbifdtangd éﬂlepé‘é’sttleﬁ‘n is obt al ned by adding the

adj usting phase to fhe &P@H ardPOgEhighe aMb tbs taemeeerretatl Qlio&e%&ban
calculating unit calculates the sine or cosine 01;I t he angl e obtai ned by

addi ng the adfFQBtrRdlsFageceFiRg dRghigr PESSPR oﬁnvfgt?ﬁ’é‘ ABCaasS: &

cal cul ati ng nﬁ&ﬂsrlmi@yfbhl&éh@énémtihﬁi@ n@hrﬁw&@&aaryehﬁgléﬁﬂfmﬁwj%mg uni t

tﬂgt 05,: B\Lﬁges ”r]gt%rﬁ lﬂlgaxrnel\rllglegchg: ven %Q_-? II;OO‘E xg b@e'ﬁ%é dcz):q,vtlrﬂeg %Sz':lcsé of

of the driving force generating means; a driving force
specifying means for specifying a thrust or a torque to be
generated by the driving force generating means; an rotating
motion measuring means for measuring rotating motions of the
30 rotating member; a rotation calculating means including an
angular position transforming unit that provides an angular
position of the rotating member on the basis of the output
of the rotating motion measuring means, a trigonometric
function processing unit that calculates a sine or a cosine
35 of an angle expressed by a linear function of the angular
positionoutputted fromthe angular positiondetectingportion,

and a gain adjusting unit that multiplies the output of the



of thhe rotating notion neasuring nmeans , and an angul ar velocity
multiplying unit that nultiplies the output of the 20 trigononetric
Tuncthqn calculating unit or the gain adjusting unit by the square of an
éhgurar vel ocity provided by the angular gelocity transformng unit. The
rotation cal cul ati ng neans may further include an angul ar accel eration
transform ng %nLt thattgtovides he 25 gggular accel eration of the rotating

t . ; .
menber on t he“bA9PBOBPLERE SHPELLCBr PFRECFSLALI HBihoPYoR RESSAEPRYLABENS,
and an angul agaan¢cebedata Gpevdltidd Yo iy tedhed Sedtéotigs mbgnouEput of
the trigononetric function calculat%nﬂ ug&t,or t he gain adjusting unit by
t he out put of c?ﬁﬁegﬁéﬂpa AR OEo hPS AT HRHRY IR Gy SRRCLT YR BBBRFf i ed
driving for ceondrlteeba'snﬁ anﬁam ﬂ@g’ufiﬂ@lfudsl@m%aﬂﬂﬁﬁ rrtam@bﬁetgﬁ ﬁ@thh@on
respective ou the drivin orce specifying nmeans and the gain
adjgsting%hniggf%ﬁéggﬁggiPFgasdr?ving forge co?regting means may i nclude 35
an adder that adds TpethetatsprctaleuDat pud mexnd eyl Futithegrf ahetude a

speci fying ne . acceleration multiplying unjt. . .4 The
peci 1 ed dri BAgers S EaRY Soll SRR RamnP Pt Sedue tatie up
t he respecti veheetpas sawfinttercamiulef aattakarafuwet Hoth toplHen@uitputt afd t he
angul ar vel oci FRLYLAQ: VAT . The specified driving.force correcting
means nay furFhérHﬁh%?%éebgglggéért?ﬁ%gg%ﬁﬁén%mp?%%'régbggﬁﬁvgagﬁtpﬁﬁg of
the drivildy fengdespridssetybddres]inder dmguitdonvef dbietangnildr pbgiihgonni t
and the gain adj I ni t,atd o t S y ate
an 10 eccentr?gigé%ggﬁgghs tiéﬁ?ﬂﬂgaﬁy%Vé?#ﬁ%éégé;ﬁgﬁ%ggfﬁg Fﬁg Sggg%?%icity
of the rotati BgSkEABBr BRdutshegtEigraeRetnic fupcEAPn=c@lcuilatBng~unit., . .
(1) 15 whepecBihgek | |t i J64 2pgai n
adj usting unit gnd_~% ?Ehﬁﬁggﬁfggﬁﬁﬁﬁjk ggéﬁﬁzgggg§=§hgagﬁ§§éﬂg Fﬁngng
unit, and t het8peePfnsdingi phager spcsheorneuilpRgPASARdomay correct the

out put ofig he drivi ngel £6€8t 8o W4 DIk tBAN he@R st RSy PASHh 2D 9fc 1R an
nsation FAD The rotation cal cul ati ng means may cal cul ate

eccentricity co | ¢

a dynanic unbﬁpgﬁgéréﬁﬁﬂgﬁgﬁYFﬁ&nﬁgpﬁglpg$u?bFt%ﬁﬁb@ﬁ@&iﬁﬂﬁ'WH%aBQH&ﬁFC

unbal ance of tbeoratgt bBgthenbetabingshé@béX B P bdsd)s JtHBhe Gaepdtsi n~B

Ty-z = 'offhé%%tatingmotionmeasuringmeans,andanangularvelocity
multiplying unit that multiplies the output of the

20 trigonometric function calculatingunit or the gain adjusting
unit by the square of an angular velocity provided by the
angular velocity transforming unit.

The rotation calculating means may further include an
angular acceleration transforming unit that provides the

25 angular acceleration of the rotating member on the basis of
the output of the rotating motion measuring means, and an
angular acceleration multiplying unit that multiplies the
output of the trigonometric function calculating unit or the
gain adjusting unit by the output of the angular acceleration

30 transforming unit.

The specifieddriving force correctingmeans may include
an adder that adds up the respective outputs of the driving
force specifying means and the gain adjusting unit.

Thespecifieddrivingforcecorrectingmeansmayinclude

35 an adder that adds up the respective outputs of the driving
force specifying means and the angular acceleration

multiplying unit.



25 where 8 is the angular position, co is the angular velocity, G is the
gain used by the gain adjusting unit, and ~Z is the adjusting phase used by
the phase adjusting unit, and the specified driving force correcting nmeans
may correct the output of the driving foree specifying neans on the basis
30 of the dynam c unbal ance conpensating val ue FAD The rotation cal cul ati ng

| cul at tricity-rel ated bal ti I
FF for compensati nbAE AESEaCd T 514 EPECR HORRBAT ARGASSOXIAY 1 BERERRG

menber b)é usi ag Ea@eesgﬁ@m dd)s u@StJEeFre@gé@Qé_ Iﬁ@ﬁﬂéﬁjﬁ@ﬁ@@in%idﬁ))

Co ere.8 is the angul ar positio ~ist angul ar .

velocity, a igé’t’\é\gegﬁﬁﬂlf’gr %‘@c@%q%ngng ias“rhd gQFn elf%gla}ﬁ/ Yﬁg°§éfzﬁ

adj usting unimnultapdyiBgi sndam.adj usti ng phase used by the phase adjusting

unit) and S the spegified driving force_correcting, neans may correct the

out pUt “of The dr i vi AICFRree FSSaTE TS FRAnE SR ERS (BaderIme R Eus the

eccentricity-iptatdd anbadder e honmagdsatipnthe ataspdetivd lvmtpaitat iodnthe

cal cul ating NS, Ry | de_a gain. changing neagns for settin he,gai n of

the gain adjﬂ§??§6H§0 %ﬁf%gbys%%% QY%E961ﬁ%?ﬁ%ﬂit ‘%faﬁggggférgPh8ﬁlg§Iues

accordi ng to mhétdpéyangnyndsndndi theofatiheadgusénngbpedt. The rotation

cal cul ati ng neans i LA p i Ng S set.t] t he_phase
MR¥e @Mf‘jgglgn %ﬁ%uﬁ%ﬂgﬁfrrgg?ﬁg orﬁg%r c&él.tdurl%te aB

of the phase adjusting uni y changing a u y e erm ned val ues
accor di nd 015 eecehtrdgaitat ionppresrsdittiingn wiludeFar ifaan obheensaThegr thet i on

cal culating TB8BEnERYChAG SEl%R PBRACIAGHLMLIBY (8 AHRISHIdIP (RhaSe Of

t he phase adjusting unit according to the rotating direction of
rotating nenber. 20 The angul ar position transform ng unit may include an

integrator for integrating Fhe=@}”silﬂ$l9+?‘;]) the angul ar, vejpcity transform ng
ur

unit. The vibration control 1 & miy er include ‘a’vibration neasuring

means for nmeasuring vibrations with respect to a 25 direction in which the

driven objsct yhardre \i%nthy'@ng?ﬂﬂlatpiogﬁt%?ﬁuéi g $h BYgl ﬂglﬁ%eggﬁn
accel eration neasuring neans Tor neasuring the acceleration of the driven
obj ect. The r8fdtskénRoitbh. RBssYr iLfgaPeshidistdng Repagaised bgdihephashe
rotating noti adjoeasug ngineaaadmay i nclude 30 a generator. The rotating
Totor i netuded T n aRRB e S g B PEE cor TS R A M BE R A .
rotor included in a ["ectri . i

sheave i ncl udétei outgputlodvaherdsipstramtotbe spéat fyongeeasis onytiebasis
conpensatfy 3§fsl@ﬁgy%c| %&let%ql%gt&nc%ﬁlp%hg\é%agrn §.¥Ds.tem The driven object may

be an el evator car i nc
The rotation calculating means may calculate a dynamic

unbalance compensating value Fyg for compensating the dynamic

unbalance of the rotating member by using Expression (2):
Fp =Gyo’sin(6+y,)  ..... (2)

25 where 0 is the angular position, w is the angular velocity,
Gz 1s the gain used by the gain adjusting unit, and ¥, is the
adjusting phase used by the phase adjusting unit, and

the specifieddriving force correctingmeansmay correct
the output of the driving force specifying means on the basis

30 of the dynamic unbalance compensating value Fgp.

The rotation calculating means may calculate an
eccentricity-related unbalance compensating value Fcr for
compensating the eccentricity-related unbalance of the

rotating member by using Expression (3):

35 Fop = G,0*sin(0 +y,)+ acos(@+v,)) ... .. (3)



an €l evator system 6 The present invention also provides a nethod of
controlling vibrations of a driven object included in a systemincluding a
CLI‘IVI ng force generating nmeans for driving the driven object, a rotating
menber driven for rotation by the 5 drivihg force of the dr|V| ng force
generating neans, and a driving force specifying nmeans for specifying a
thrust or a torqueléo be enerat ed by the drivi nsfg }lgce nerati n%%geans ,
by correcting"B®T® o@PﬂEElaEyp FECER vihG S & agg F‘FyVﬁbo s by
using a pr Ede&eiéﬂtﬂ%j a@@me&sabbegﬁrﬁtmen . 16, Iléea?ﬁﬂ@dlsmwtﬁﬁe @aill'l
rotating notion, neasurin cludin of, measuri the ul ar
position of tﬂ@?ﬁ{:é‘??ﬁﬂ‘g‘ﬁe filﬂ 18 AT a4 QPF%QP’&%""?%&S n%é Slg%s?jf
obtaining a padgusting anstneand cosine of an angle as a Ilnear function of
t he angul ar positio n [ nge ' al ue
on the bag’l s of thep%goguc %e'& ﬁ%ngﬁé%}%’%%%%&?%?é%lk?%ﬁ%o dée?g%ﬁp%?%g a
gain that redubesoutmitawg thecﬂe::ozrlrm predetspadngding meanisoraltheohpehent
generated in t use
an angl e obt als’%e %bégggrd?%hgi%y Qei‘a gwﬁ@r}eé%%dgﬁﬁﬁ&%{%%@% B%%to t he
angul ar position asThae I@tt@lteomha@aharilaﬁelreg(pnessedmby tJmeﬂludﬁea&l gamdti on
of the angul a o] d e e t LN tep
En 88 hF Reaftlfs Q SQQEPng EEEFHQPH £ %He”?¥1 ﬁgﬁqgtﬁnﬁ

of determ ning an ustr ng ase va ude
pr edet er ffithedunitbiat cbmgingﬁmhmlnzlar gémea?teé@mmelﬂevellti%ﬁceerééﬂgt 0 a

m ni mum The ggt %hbnapwalteagn‘eeaawt&ansbeptﬁayaka%udebaeettep of
determ ning the angular veloCity of the rotating nenbe and _t he
cal cul ating step mafheareirddon: W@J(?é‘r%ﬁé:ﬁé’& IMRFTV | RY ohn?%‘éd%aél 2hgfe; he

product of th@hah@@ﬂ@tm@fanbhﬁoﬁ'sl'&@fn@(&h@:oﬁhagea@ﬂ e piise aa@lu'ishﬁ.ng
angul ar velocity of the rotatin The anqul ar pos%il on _neas

step may i ncl HHétabléFEﬁnSi’-nﬂét%f ﬂ%@?ﬁé’rﬁ%}l%’“%&%’f 3§78 COF H@

rotating renbeo, taedopleatahgul-anidig ishepfMheC Ardvieat @btjRetconpensat i ng
val ue 35 on the basi %&of th pr oduct eq‘ the product of the. sine_or c05| ne

and the gain and thé& n&tfﬂté'r 1éPc9céT Gt MeAnT JIaY i ACHEfBeR. PRaSerye
present i nventsieQ-mmgdumaf frdatti \seltys thier hiaces odf thedlplh\aele @djjesting

| uded '
ccoentri ci Ly By Aor drisar s o 4T g AEERERRED BT obR BPRatino,,

by using the mempee.5 of the rmtor or a thrust . If aplurality of rotatlng
menber s eccentr Rr §ﬂfﬁ |1 er
is provi gied with a B‘?‘u Pg%mg &Zéniu &PW@E}%&%%%MC%E ;ﬂé%o_{h ¢ am

respectivel y flotegratsr ﬁnalmt@rmtemgsthIe@wt@wthef ﬁ@ﬁa@%@h@ﬁ@é@l{t&

reduce the vi Q {3 iy nents effectively. Centrifugal force f~
represent ed by pressi on (4 acts on the axis of rotation of the
rotating menber. The vibration controllermay further includeavibration

measuring means for measuring vibrations with respect to a

25 direction in which the driven object is driven. The vibration
measuring means may include an acceleration measuring means
for measuring the acceleration of the driven object.

The rotating motion measuring means may include a
resolver. The rotating motion measuring means may include

30 a generator. The rotatingmotion measuring means may include
an encoder.

The rotatingmembermay be arotor includedinanelectric
motor. The rotating member may be a main sheave included in
an elevator system. The rotating member may be a compensator

35 sheave included in an elevator system.
The driven object may be an elevator car included in

an elevator system.



f~=nmrcvz . . . . . (4) 15 where mis the nmass of the rotating nenber, r is
the distance between the center of gravity of the rotating nmenber and the
gxis of rotation, and c~ is angular velocity. The dynam c unbal ance of the
rotating nmenber due to the 20 centrifugal 6force f~ causes the systemto
generate vibrations, and a conponent vibration, parallel to the direction
in which the driven_pbject is driven, of the vibratiogons exerts a force
periodical |y on theTBfi REPUH ectPVEBLhLBRutTY, PERYLGLESv R al5itdad i of
caused to vi besherotenagatintativhsvobaadt Die®bbtjeet2ndniadeniaki s¢ktemn be

controlled by,changing the rotative force of the notor into_a driving force
acting in thelBPi{‘}aﬁﬁngr‘%&%V}% LongRuERe T AtHEY Meansn£Pre ATH¥HBMH ¥NBr at es

, 1t is very drifeaubbjéet suppiorst iigomambensdbyvenntddldduag ildie byotaki ve

force becag,lse a.force changigwe anismfor changl ng.rotative forca}I 30
into linear dffYYAGYsEPEES Por Y By oHhinRES ©OF At §eRfoe PR Bh a

| i nkage and bértiging Ffopee, spebifyeagameank| fas tpecilfyyhggaf eneast or
generating means._ Shaki force F~ .i..e. ...a force generated by the

Torat ng venbar ORE o B8 S FRaT e pE R At Biq O T ae A e pednss ¢ -
and acting i nbyheariectingli apctauwput spespldededypytheprdasisiiory (5prce~ = f
~sin-B + ~ ~ P (1! i \whe i.s the angul ar position of the
dynam cal |y uﬁBSFéEX%Bgr“g‘ﬁga”ﬁ P]% u%e;ﬁ%egr‘ fsran8%F’$m|lgeghaosf'?epedf)sfq‘tejrréq'lgg?}}gf ween
t he shakilfy f Bhee retthede iawduldas :posi todat iMgExpotisn omeashninigs sbepi ned
t hrough Lapl ag 1sf,0 F = L= ' +y= )7, H.S) :
(6) where Fobgﬁg&gagapné%g}age??sE?ésEa%P&gﬁépébgégﬁF gﬁ)ﬁlﬁ?éﬁ % itge
shaki ng forceretafingr member;orp reptesbating shept daedfiugingt a hetehakifng

force F~ to tBBrashakig™d phrolee tFOP 22614 8Q 084 DS %rf'faﬁ%n%gjeea&-a I?ﬁegﬁri ving

force specifyi ng nmeans executes the servo control of the™driving force
generati ng medBBcidopnef theeangudpgupesitienand agabl, andbeadgudpténg a

driving sheavene eehpehldtiBEDeRIueOBACEhBILEEiENBEr @hB pehadcHPt Gha a
coincides with a desjred, angular velocity cn",o0, and the notor_produces a

torque coi nci §PAY P EErRIRBRE SheRof Htermin pra i gednpihaheefucasi§heor ce
speci fyi ng neamplibuaei ¥ af pxrede fem et ve8raeibha1 Xbnidneit gbheehtby t he
driving sheave_li iven b\r/l Eﬁpre si.on (7%.. F',0 (s) =r,nTo (s)¥s) . . . .
. (7) where rif ihﬁh TAY§PuSPPCENL IR PERI™Reave , and G (s ) is driving
25 force transfer fuUhetdcadiculepriasestepmadynesée aansigle obtadineidngy haagagf rom

Eror aost 3 SR PbEad et gt nSPsR 28 Hnsa BRTUE! €' che dhigim pR 18RS 20
as the angle that can be expressed by the linear function
of the angular position, and the gain determining step may
include a step of determining an adjusting phase value so
that the amplitude of the predetermined vibrational component

25 generated in the driven object to a minimum.

The rotating motion measuring step may include a step
of determining the angular velocity of the rotating member,
and the calculating step may calculate the compensating value
on the basis of the product of the product of the sine or

30 cosine and the gain and the angular velocity of the rotating
member.

The angular position measuring step may include a step
of determining the angular acceleration of the rotating member,
and the calculating step may calculate the compensating value

35 on the basis of the product of the product of the sine or
cosine and the gainand the angular accelerationof therotating

member.



30 where 8 is the angul ar position of a dynam cally bal anced rotating
enber, wis the angular velocity of the rotating menber, kmis a gain

adj ust nent paraneter, and ~ is phase adjustnment paraneter. From Expression
( 7)), driving force Fno that acts on the 9 driven object when the
specified torque T~ is given is represented by Expression (9). F~n (s) =
F~nQ(s) + L~kn, c~2 6 + ~—~ Gs) ... . .. 95 The driving force, and the
Shaki ng force act - oRhE HRFRATHEATDIgUiON ERgifeReoPELerboLE vARRSFoFhS
effecti vef or ceF,aidmreiven tobgjeitmiatluieddinva gy stanc @ nawdithevsbait bgn§or ce
) is given by_expressio 10). 10 F(s) = F". a(s) +L=-kgcvz sin +.~)~Es) +
Lirus o n(prEsRsagpahed e o8 pHkoochtrd iy s A Andsr bEbAbRAGS10 )
is fixed, Gdbofina Hdtating enentbemdird vendbphaseotthof f dryensengf tBe soygueand
Hdb and yH are_.the iLn.a R i fferen f.H..s ) dLl-1is inverse
Lapl ace tr%ansggrt%e écogeggn%tgl%ﬁsghe ﬁﬂar éEP% %11%?’ cf%gor‘h‘%%ﬁ‘tngswﬁrgg?ﬁs
Expressi on ( l8rearexaeipimrissedrbydyBamiesslilgnsupbd)anodd( 12he respbeatiorl y.

20 L-'~L~k",c ' + &) T k" ' o+ Vo
C S o CEonEEBiTet 13 g ided Rt o Wil USk OF phofiiar posittly
Therefore, whealthéagang mdpust mespeptivedyefoknvibdathenphasempdpestaent
paraneter ~ Of EXR$£SEHAN I(otsaeir?d’emgfngggsb%o redQce the vibrational
10 components effectively.
Centrifugal force f; represented by Expression (4) acts
on the axis of rotation of the rotating member.

fo=mro® ... (4)
15
where m is the mass of the rotating member, r is the distance
between the center of gravity of the rotating member and the
axis of rotation, and w is angular velocity.
The dynamic unbalance of the rotating member due to the
20 centrifugal force £; causes the system to generate vibrations,
and a component vibration, parallel to the direction in which
the driven object is driven, of the vibrations exerts a force
periodically on the driven object. Consequently, the driven
object is caused to vibrate. Generally, the vibration of the
25 driven object can be controlled by changing the rotative force
of themotorintoadrivingforceactinginthedrivingdirection.
However, when the entire systemvibrates, it is very difficult
to suppress vibrations by controlling the rotative force
because a force changing mechanism for changing rotative force
30 into linear driving force, formed by combining the rotating
member with a linkage and belts or ropes, vibrates as well
as the driving force generating means.
Shaking forceF., i.e., a force generated by the rotating
member dynamically unbalanced due to the centrifugal force
35 f. and acting in the driving direction, is expressed by
Expression (5).

F. =f, sin(6+1/)) ..... (5)



kK.,.=-Ho nmr, ~~+YH-Yc . . . . . (13) Gdb the second and the third term
of the right side of Expression (10) cancel each other and Expression (14)
|s 5 ohtained. F(s) = F',o(s) . . . . (14) Consequently, the vibrationa
COnponent is elimnated 10 fromthe effec8ive force F acting on the driven
obj ect and the driven object can be driven as if the driven object is
driven only by the driving force Fno If G s ) ~H( s ) , Expression ( 15
) is obtained fromExpression (9). 15 F(s) = F",o0(s) +L~kma~2 sin(6 +

~) +~nr ((:\:(EZS) Sizgﬁﬂﬁrwe %b({:_(rﬁe) anlgular positifon tletied ;b]lye:,aniﬁcalg.,ly uﬁbglance@ .
Coe t he vibrational c pone el i mnated regar s_of the
vai ue Of 1 he BABRFIPSRBITAL Y208 Y SR ARASE L T Tet S 10k BAEFOER 1] SRERT

vi brat ed by aﬁoeceeandltheoaagumgrnpnbet;odlsplacenent zd caused by an 25

eccentri C'sty Wh TE3BRELs 5.?&7?55%.& \Jdih i3] dscttl'x'r%%g'hsL?F SBeP¥rafisesrh™

sin(6~, + ere r
vi bration of Lhe rotatlng menber due to the eccentr|C|ty of the rotating
menber, 6d is the angul ar position of the rotating nenber, and ~d is phase
dif f erence . Shaking force Fdrthat act s+on the driven &5 j ect due to
the di spl acenent zd is gdﬁéﬁ)%#&@x@r §Hahﬂd¥ﬁ9 ) obtai ne 11 through
Lapl ace transform L on an assunption that a shaking force transfer function
fromzd to Fdis D( s ) . F~, (s) = L~r,, sin-B,, +y~,, )~D(s) . . . . .
(18) 5 The specified torque Td is defined as Expression ( 19 ) , using the
angul ar posi t{,g8-8dr9f ilhenakqaBt EbeckOt 811 NG 4P operator, and H(s)
10 is shaking force transfer function representing the transfer
of the shaking force F. to the, shaking force F,, acting on
the driven object.
The driving force specifying means executes the servo
control of the driving force generating means so that the
15 angular velocity w, of, for example, adriving sheave (rotating
member) connected to the rotor of a motor coincides with a
desired angular velocity oy, and the motor produces a torque
coinciding with a specified torque Ty provided by the driving
force specifying means. Driving force Fpo exerted to the
20 driven object by the driving sheave is given by Expression

(7).
E () =r,T,(5G(s)  ..... (7)

where r,is the radius of the driving sheave, and G(s) is driving
25 force transfer function representing the transfer of driving
force from the driving sheave to the driven object. Specified

torque T. is defined as Expression (8).

% si (0 + ¢) ..... 8

30 where 0 is the angular position of a dynamically balanced
rotating member, w is the angular velocity of the rotating

member, kp is a gain adjustment parameter, and ¢ is phase
adjustment parameter.

From Expression (7), driving force Fy, that acts on the



T,, =To + k-"""" sin-B,, + ~~) . . . . . (19 r,~ 10 where kd is gain
adjustnent paraneter, and ~d is phase adjustnent paraneter. From Expression
( .7 ) .. driving force Fmthat acts on the driven object when the specified
torque Td is given is given by Expression?(20). 15 Fm (s) =F", o(s)+L~k,,
sin~B,, +~,, )~ s) . . . . . (20) Since the effective force F that acts on
the driven obj S t f e y pr ns.( 18
) and (20 ) PR rRaRT ooy cfe PRI RR CEREhRE B SEGEETES 100
F(s) = F, no(s?eﬂrﬁsﬁnteélh¥BEXPreSS}9n(K§) + L~~~, sin(6,, +y~, )~ EXS)

Coe (21) I f the angul ar velocity w of the eccentric rotating nmenber in
Expressron ( 21 ) is fixed, the second and the third 25 term of the right
side of Expression (21) are expressed by Expressions (22) and (23),

respectively, in which e_ga nce of ) are Gdb and
y~, the gain and phase ffé’r° D[g (BD?ﬁg Q'«pglc?(s%db and’ yD@and L-1

i ndi cates inverse Lapl ace transform 30 . 12 L-' ~L~k~, sin(B~, + ~~,
~~s)~ =g5G-bk~ sin(9~ + ~~ + yc ) . v o« . . (22) L-'"~L~r~, sin~9~, +y~~,
) ~D(s) ~= D~br~, si n&B~ +y~~ + (23) 5 Therefore, if the gain
adj ust ment par anet e hﬁ@%%ﬂiﬁ%l 5ﬁ%§é@ﬁﬂ%@9ﬁﬁhﬂg53F5ﬁ%@%?°nd36¥dEkBPBSS|on

(19) are givesb Ectkd%‘ibmﬁkpressi‘oﬁg"()@?‘a\f?d(93 ef2ékthiQelf-eeondeand the
third termof the right side of Expression (21) cancel each ot her.

Consequent | y, thReSW kf’r%ttrhﬁngFllf?JPrﬁof'@Fﬂe ia G thRi pREENg (TR Ghe 16f Fd¥ERVe
force F acti ngyoaxphesdiowneniolhj.ect and the driven object can be driven as
15 if the driven ob j ect is driven only by the driving force Fma . If s)
~ D(s), é(os) = F,na(s) +L~k~ sin(B~, +~~, ~+r~, sin(B~, +y~~ )~@s) . . .
(25) 20 and, therefore, the vibrational conponent due to t he eccentrrcrty

of the rotating nmenber cap nlnat d SS -0f | ar velocity
cnd by satisfying Exg Séss 9 ?E[)f wzlgm j¢)f(?-(a mraﬂ);mj ﬁj}%% . (26) 25

Supposing that o in Expression (10) is fixed, Gg and
15 Y¢ are the gain and phase difference of G(s), and Hg and yy
are the gain and phase difference of H(s), and L' is inverse
Laplace transform, the second and the third term of the right
side of Expression (10) are expressed by Expressions (1l1)
and (12), respectively.
20

L'I[L[kmcu2 sin(6 + ¢)]G(s)] Gk, 0’ sin(0 + ¢ +y,)

L [Llmro? sin(@ +9 )| H(9)) = H ymro?sin(o +y +7,,)
25 (12)

Therefore, when the gain adjustment parameter k, and

the phase adjustment parameter ¢ of Expression (8) are given
by:



Suppose that the driven object is shook by the eccentricity-rel atedshaki ng
force of the eccentric rotating nenber. The

eccentr|C|ty r el at edshaki ngf orce Frisobtained by rmultiplying the
accel'eration due to the di spl acenent zd 3® given by Expression ( 17 ) by
mass and shaken due to eccentricity. 13 When wd is angular velocity at 6d
and a is angul ar acceleration,at 6d, the eccentricity rel ated shaking force
Fr is given by Expressiop (27)y#® by =sm 7. CV,, .Z S(ig6~, +y~,, ~ + a
cos~B~ + y~,, )) : . " (2B), 5 Shaklng forcg Fd that acts on the driven
obj ect due to the eccentr|0|ty rel ated shaking force Fr is expressed by
Expression (28) obtained by Laplace transformL on an assunption that
shaki ng force transtkhe Bespohdoanfir atweFrthtiordl G efrth icsf R(is) .right (s)de &Em-r,
(- cv,,2 sin(

Spect 11 ad t o Expebsionh(iof SRedL, sacks onpler F E%ﬁ@l%gﬁ@ is

position & obbthdnedcentric rotating nmenber. 15 Tr To + ~- cv,, 2
sin(6~, +,. ) +acos(B,, +~.)) . . . . . (29 rntmhere kr is gain

adj ust rent paraneter and ~r is phase adjustnent paraneter. From Expression
( 7) , driving force Fmthat adi(s =28,,60% the drIVéhQOb]ECt due to the
specified torque Tr is given by Expression (30). F', (s) = F',0 (s) + L-~k,.
~- ¢vd2 sin~B~ + ~,. ~+acos~9d + ~,. )), &s) ., , .(g0) 25 The
effective force thafonsequentile the vibreltilepeli gcompenenisf elhminsgteds

represent b S e
F(g) °F ng?g)+fr§%p?ﬁé éeggﬁﬁggé ﬁggcéggggﬂ:nﬁfQﬁftﬁngrk ven obJe trgn?_
C,Ud 2 SIn (elhe drivgn)objegtcomn (1 dnrweru as Jifg (& dr.lvepsngecrtf ishe

angul ar velocagyvgﬂdogﬁth? Qggeag&bgnbogagb@gpmenber in Expression ( 31 )
is fixed, the angular acceleration a =0 . Supp05|ng that Gdb and y~ are

the gain and pRaSEsdi+t fdsdncExpregsion) (15anks RitFaimed RromeExpEegaianand
phase differenog of R(s), and L-1 is inverse Laplace transform the second
and 10 the third termof the right side of Expression ( 31 ) are expressed
by ExpreéE?ons (11) and (12), respectively.

F(s)=F,,(s) +L[kma)2 sin(6 + ¢ )+ mra? sin(6 + )]G(s) ..... (15)

Therefore, if
k,=-mr, ¢=v  ..... (16)
20
the vibrational component can be eliminated regardless of
the value of the angular velocity w.
Supposing that the driven object is vibrated by an
eccentric rotating member, displacement z3; caused by an

25 eccentricity with respect to the driving direction is given

by:
z, =r,sin(6, +¢,) ..... (17)

30 where rgq is the amplitude of the vibration of the rotating
member due to the eccentricity of the rotating member, 84 is

the angular position of the rotating member, and {5 is phase
difference. Shaking force Fys that acts on the driven object

due to the displacement z4 is given by Expression (18) obtained



L-'~L[k, ccd2 sin(6,, + ~,. ~] §s)]= G,bk,.cv~2 sin(B,, + ~r + yc ~ .

- . (32) 15 L-'"[L[mycv~2 sin~B~, +~d )J R(s) = R ~bm~r~co~z sin~B~ +~~ +
yR~ . .. . . (33) Therefore, if the gain adjustment paraneter kr and the
phase adj ustnent paraneter ~r of Expressildn (29) are given by: 20 db m-~' ~
~ ~ ~~ +YX -Yc . . . . (34) G-b the second and the third termof the

O e OB A LB 2By L Sl RIS MlEspg

15 on the drlﬂeflcébj:fahsﬁéﬂ fhacdionefronj egttecdy e dr(isyen as if the

driven object is driven only by the driving force Fho If s) --  s), 5
F(s) =F",o(s)+L[k,.~-c¢c~,,Zsin(9,, +~r~+acos(9~, +~,.)) +rn,,r,, (- ¢~ ,2
sin(B,, +~,, ~+ a cos(B~, +y~,, ))] Qs) ..... (35) Therefore, the

vi brational conponent due t he Geapt 'c't f the rqQigati ng nmenber can be
el imnated 10 regardl ess of@ﬁ) ]éL%gurfw Hl/fé? ﬂ(s """ ez adjustnent is

made to neet conditions given by Expression (36) kr /nor,, ' ~r - y~~

.o C36). 15 When eccentricity-rel ated shaking force acts on a dynanlcally
unbal ancedl5 eccentric rotating nenber) 8 = 6d, and therefore the vibration

of the driven obj ecTheaspéeiftedidoddne Ba ds deﬁgnadm@mr@@stmlﬁé”:gl ven

by: T 53;5 I Eg;hééﬂ angaiarﬁpﬁltygqﬁq&iﬁh%e%%%%%§quqﬁat33§Q@hbér

cv,,
determ ni ng the adj ustnent pararret ers km kd, kr, ~, ~a and ~r so as to

satisfy Expressions ( 13 ) , 16) 24 ) , ( 26) (34) and (36). 25
BRI EF DESCRI PTI ON OF THE DRAWI shna(ﬁgb-cw,é and ot her..dbPects, features and
advant ages of the present inventiean will becone nore apparent fromthe

fo'lomjnguges%hgmgﬂylé5%f§ahﬁu§@ﬂ@ﬁ€b%9%ﬁ@khgﬂéﬁa¢disphaseadjustment
parameter. From Expression (7), driving force F, that acts
on the driven object when the specified torque Ty is given

is given by Expression (20).
15 F,(s) = F,o(s) + Lk, sin(e, +¢, )lcs) ... (20)

Since the effective forceF that acts on thedrivenobject
is the sum of the forces represented by Expressions (18) and
(20), the effective force F is expressed by Expression (21).

20

F(s) = F,,(s)+ L[k, sin(6, + 4, )|G(s) + L[r, sin(6, +w,)]D(s) ... .. (21)

If the angular velocity o of the eccentric rotating
member in Expression (21) is fixed, the second and the third
25 term of the right side of Expression (21) are expressed by
Expressions (22) and (23), respectively, in which the gain
and phase difference of G(s) are Gg, and ys, the gain and phase
difference of D(s) are Dg and yp, and L' indicates inverse
Laplace transform
30



30 dcconmpanying drawings, in which: Fig. 1 is a perspective view of a
vi bration controller 16 in a first enbodi nent according to the present
‘aneanon; Fig . 2 is a block diagramof the vibration controller shown in
Fig. 1, Fig. 3 is a schematic side elevatinn of an el evator system5
provided with the vibration controller in the first enbodinent; Fig. 4 is a
graph showi ng a pattern of variation of specified angular velocity
specified by the vibration controller in the first enbodinment with tine; 10
Fig. 5is a graph sb’é[\?it[k),girde,pam (m)]@fG,)g/a,rsiildvj, o, @fycézccel erati@a)specified
by the vibration controller in the first enbodinent with tinme; Fig. 6 is a
graph showi ng a pattern of variation of acceleration specified by the
vibration controller in the 15 first enmbodinent with time; Fig. 7 is a
graph showing a pattern of variation of acceleration specified by the
vibration controller in the first enbodinent wwth tine; Fig. 8 is a
per spective vi ew of L?'i[brﬁfr,,biﬂé@di on, ﬁ&ﬁg)ﬁ)emdm sig(®, i+ a+ i F st nodi f@8ati on of
the vibration controller in the first enbodinment; Fig . 9 is a perspective
view of a vibration controller in a second nodification of the vibration
controller in the first enbodinent; 25 Fig. 10 is a schematic side
el evation of an ele te Vi k& L br 4#“% ra LN a
second enbodi ment agggggfﬁégfoﬂ¥ﬁgﬂngggn¥&§€%g%¥#€&%¥ |g:&%€&?§hg?§P§Ek
di agram of t h@heser adijustoentr pairemeshowha iof EixprekEid30 (Ai%y). ak2 igiven
uni axi al posi biyening table unit included in a vibration controller in a
third enbodi ment according to the present invention; Fig. 13 is a block
di agram of the vibration controller in the third enbodinent; and 35 Fig. 14
is a block diagramof a vibrap on controller in a fourth enbodi nent
according to the presentkiﬁve2f4mn.¢d=¢g-+yD-yG ..... (24)

db

10
the second and the third term of the right side of Expression
(21) cancel each other. Consequently, the wvibrational
component is eliminated from the effective force F acting
on the driven object and the driven object can be driven as
15 if the driven object is driven only by the driving force Fq.
If G(s) = D(s),

F(s) = E,o(s)+ L{k, sin(6, + ¢, )+r,sin(6, +v,)]GGs)  ..... (25)

20 and, therefore, the vibrational component due to the
eccentricity of the rotating member can be eliminated
regardless of the angular velocity wq by satisfying Expression
(26).

ky==rys ¢,=v,  ..... (26)
25
Suppose that the driven object is shook by the
eccentricity-related shaking force of the eccentric rotat'ing
member. Theeccentricity-relatedshakingforceF,.isobtained
by multiplying the acceleration due to the displacement z4

30 given by Expression (17) by mass mq shaken due to eccentricity.



17 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred enbodi ments of the
present invention will be described with reference to the attached
dramnngs 5 First Enbodi nent A vibration controller in a first enbodi nent
accordlng to the present invention is indiBcated generally at reference
nuneral 1 in Figs . 1to 3. In Figs . 1to 3 ( an elevator systemis
indicated at reference nuneral 5. The elevator system$5 10 is provjded with
a rotary el ec‘i’@“f%“ﬁo’t%?nﬁflaﬁh‘fﬂ?‘?%tyaaa o AHY % BT EBIYSRE TR HRRNS"T and
a nmoving obj est 644, tNbiddrdst B dlitiyare b T ishakling ¥bbratFonsconveol ber 1
is provided h 2 rotattgg notion neasuring nmeans Cl, rotation calculating
means C2 and ating notion nmeasuring nmeans Cl is conposed of
a resolver 15 associated with the electric notor 11 and capabl e of
generating a voltage proportional to the angle of rotation of a rotor shaft
13 of the electric nogar,l diprgctly con ted to the
rotor, not shown, of fhe Fé£0I$Shm %Shagﬁggg r% tion traggﬁ%ttlng devi ce
19 connected to the rotor shaft 13 and capable of transmtting the rotation
of the rotor shaft 13 to the input shaft 17 of the resolver 15. The
rotation ttransmtting device 19 is provided with, for exanple, a universal
joint or a coupler CRIHY ib5€ r

hol di ng w ndi ngs, an%-‘t:]ﬁllrl at&%ﬁéfz %%?ng mnﬁ%iEh%hgr%§%£f§§§%§%?ﬂgﬁﬁfs
provi ded mnththesegﬁantpigééysrﬁéaﬁﬁﬂtShﬁkéasaﬁp€céfFgeh%rﬁ¥Pﬁ§S§6ﬁtB§es in

the range of ﬁﬁﬁ%ssiaﬂplmp Betél}{eae%gﬁ%awh&ecqrfa@m ng téh aaﬁul ar

positions in the range of ~C (rad) froma 30 predeterm ned Orlﬁ
The stat or 1a§ﬁumﬁélP§s§h©§rShsk%ggh%¢ﬁc?|§¥Eﬂ§f%ﬁl%P%ﬁ%&ﬂ&anEWtﬂf 81 di ng
menbers 2n The glegtgycnotor 11, i . a . , the driving force generating

means , wll be explalned The el ectric motor 11 is nounted on a base 29
and is held in place by holders 31, so that the 35 notor 11 and the base 29
are integrated. The le trlc tor 11 includes in addition to the rotor
shaft 13, a % éderLimuss my’ S66f i+ Imm(@iwdi) B(Dt at-or - o280 he el ectric
nmotor 11 therein 18 a bearing 35 held on a central part of an end wall of
the cylindrical stator housing 33 and supporting the rotor shaft 13 for
rotation, a sheave 37 , i. e. , a rotating nmenber, nounted on one end of
the rotor shaft 13 to transmt the output torque, 5i . a . , driving force
, of the electric nspecifiethraugie . ieptefBihadas Fxpnessiprobp@tt usdng a
speed controller that al culate speC|f| .10 l1ing the
rotati ng speed §P %ﬁ thft €3 o ?ﬁce%ggfé %gygﬁég%u@%ﬂ%égf t he
vi brati onlTontrol | er 1 and a driving device 43 that receives power 10 from
a three-phase ac power soug c 41 and nmakes the rotor, shaft 13 generate a
torque equal to the I5pekii+e w,prsi]n(éd oy, bh@d@@(ﬁ,srgt)f)) t he out. pll 9df the
speed controller 39. The ol put of the rotating notion neasuring neans Cl1
is given to the rotation calculating neans C2 and C2' . The 15 rotation
cal cul ating nmeans C2 includes: an angul ar position

wherekrlsgalnadJustmentparameterand¢rlsphaseadjustment

parameter. From Expression (7), driving force F, that acts

20 on the driven object due to the specified torque T, is given

by Expression (30).

F(s) = Fo(s) + L[k, - 0,2 sin(6, + ¢, )+ arcos(s, + )| G) .. (a0

25 The effective force that acts on the driven object is
the sum of the forces represented by Expressions (28) and

(30). Therefore,



transform ng unit 45 that transforms an output of the signal processing
unit 23 into a corresponding angul ar position of the rotor shaft 13; an
angul ar, velocity transformng unit 47 that transfornms the same output into
a correspondi ng angul ar 20 velocity of thet rotor shaft 13; a phase
adjusting unit 49 that adjusts the phase angle of the output of the angular
position transform ng unit 45; an adder 53 that adds up the output (~2) of
t he phase adjusting unit 49 and the output (8) of the angular position
transformng unit 45; a sine 25 calculating unit 55 that receives the
output (A + ~z) of the adder 53 and cal cul ates the sine of the output ( sin
( 8+ ~z ) ) of the adder 53; [a gain adjusting unit 57 that nul{Y]plLies the
out put of theIs(sip=c& guisatk ddkukt w555y \@n +ad) Ss-t@[tﬂQS i H ¢,a5}]1ﬁt(isbl ier
59 that squares the oufput (c~) of the angular 30 vel ocity cul ating unit
47 ; and a multiplierLfr, r,\-.wa sin (@p “atgu) droas ﬁdtymlcf)]ﬂl('sér, t hat
multiplies the output (&ZSin(6 + ~Z)) of the gain adjusting unit 57 by the
output (w2) of the nmultiplier 59. The phase adjusting unit 49, the adder 53
and the sine calculating unit 55 constitute a 35 trigonometric function

cal cul ating device C3. The rotation calculating neans C2 ' includes(3n
angul ar position transformng unit 45's, i.e., an integrator, that 19

i nt egrates angul ar velocity provided by the angular velocity transform ng
unit 47, & phase adfésthagangularoveldattndbusits thiee ephas¢rdrngiretatinge

out put of the ot 1 ni : +aithat
adds up the oll]}tégg'%lkgi? ilif(%{)'ih:toéf t %{ggzggﬂgﬁﬁgﬁnghé%i@uégd} ggg%ﬁ?é&%’gut
(8) of the angud &r poHIRAsUMG tlamt Carandhys ame thagagn andphesedifdlegensg uni t
55" that recejye e t +, ~ t he; ' l.cul at t he
sine of the sgﬁeééﬁ? bufgﬂ{lﬁdﬁ éﬁga\f}‘n;ﬁj E@?l%%llggaqudgl Steﬁglg f%rrv%lrt%ylp?% gg t he
output ( sin R(§)10aRd-§y" ispinverss k@pdacey txangsonmi+ the sggoad and

adj ust abli gaitAe@hiriee ih3s e hadiiufit §9d4BEEYess ilohe( Fddere ekpravdeahe

si ne calculathng unit 5% coqiéitut% gltrigononetrLc function cal cul ating
device C3'. TRE EBRESSEINDFollldr 389%4 13 )dr FESREEVEL Yspeci fyi ng 15 neans,
and the driving device 43 that serves together with the electric notor 11
as a driving force generating neans will be described to facilitate
under st andi ng. The speed controller 39 includes a desired angular velocity

pattern generator. t hat ,generpt esya desired angul ar wvelocity pattern 20
in which the ang&f@ﬁrwgsmﬁ&wﬁﬁ&(ﬁ - Cotkes S+ 43 T to be- cont @SI ed,
and a specified torque calculating unit 67 that calculates a specified
torque to control the angular velocity of the rotor shaft 13 so as to vary
according to the desired angular velocity pattern on the basis of the 25
respective outputs of the desired angular velocity pattern generator 65 and
the angul ar velocity transformng unit 47. An adder 68, i.e., a conposite
vi bration adjustingradder, adds upg the respective outputs of the specified
torque calzul atib'dmnj,;pwﬁiin(@dhap R($)* iRaym 6,1, Asid(6, hay gay p) adj ust(38Y 30
unit 57' . The driving device 43 includes a converter 69 for converting the
ac power received fromthe three-phase ac power source 41 into

correspondi ng do power, and an inverter 71 that converts the do power

provi ded by the converter 69 into corresponding three-phase ac power on the
basi s of the 35 resmhetrefereyt pAttheigatincadddetmbBt ayuir dnet e Gyl &tid s ti on
transformng unit 45's s% t hat the el ectrlfﬂtgol%or 11 | enerzabt)es a tqr%%e

equal to the BOASG 3GPUSHECRF(RATEBE tefe O RipirtRression ( are giv
by:
20
‘Rn'b
ko==Ctmts G=YitrR=re e (34)

db

the second and the third term of the right side of Expression
(29) cancel each other. Consequently, the wvibrational

25 component is eliminated from the effective force F acting



20 71 includes a firing angle control unit 73 that controls thyristor
firing angle on the basis of the output of the adder 68 and the output of
‘the angul ar position transforming unit 45's indicating the angul ar position
of the sheave 37 so that 5 a three-phase 1& current necessary for the
electric notor 11 to generate a predetermned torque is supplied to the
electric notor 11, and a thyrjstor unit 73 that supplies a.three-phase ac
current to th%neF%%tQ?%V?ﬂn%%JQEfiQ? E§SO§£éV?B $bi§%ﬁnﬁﬁﬁ QSdeﬁgePi?an
angl e control ignifie drivkh AbJengl £sphasermonpguiey tdoudedvihigsEppte &opower
necessary for the oEeration of tge vi bration controller 1, the speed
controller 39 and thE ﬁﬁ?@iﬁgGéﬁ rce 43. In the follow ng block diagrans ,
lines with an arrow represent signal lines, and thick lines represent power
| i nes around the 15 electric nmotor 11 and the vibration controller 1. The
el evator system5 includes guide rails 79 installed in a vertical position
by a predeterm ned nethodf Cheznné%ng ﬁ?jec 14 tEat noves vertically al ong
the gui de ¥ ai IFisﬁﬁﬁ,.dS}kat ~1pEN G +Héakt # 60 ¢+@abl connected to an upper
part 20 of the novj bj e 4 _hyy a e rﬁl nmet hod, the sheave 37
and a secondary shéggaéé%’gggéﬁ? él??ggﬁgﬁgﬁﬂltggﬁion of tension that is
induced in the rope 36 in bearing the weight of the nnvjpg_o@hgpt 14, a
count erwei ght 83 connected to the other end of the rope 36 by a

predet ermi ned net hod and having 25 a wei ght substantially equal to the
tension induced in &‘R%r%@gge?ffs Pfet Rp Rl GnDf  CRApBRENRY 8REEGEo 14net he
electric notor 11, a second rope 85 havi ng one end connected to a | ower
part of the neecegtetiicddy 1af arfidie heobehdRIeMEMRANeERBd ke eddminated
count er wej ght r ' S8k 4 egﬁﬁg] J ended
by the ggggndrr§€e%§%S%ngggggggbgﬁgﬁgﬁéln %ﬁgﬁg, y ?E§a§§?§§58?%§§§%% and
of tensioni ngtehaesdc eordidionss adyan PYoWrpRSs§HCD {36 )a sheave support
devi ce 89 capabl e of danping the vertical novenent of the second sheave 87
caused by the variation of the tension of the second e 85 and 35 of
restraining the second sheavé%87‘mwbn1ﬂ%ﬁﬁ%werse°nnvé%§ﬁt . The novi ng
object 14 includes a frane 91 having arigidity sufficient to withstand a

tension exerted thereon by the rope 2 6. an 5 ide r r units 93
arranged &t the fouwiﬁﬁwéégﬁQﬁr%$&£??Eﬁi@é%gtSgag%aé tcﬁgﬁ%Jg%gglﬂﬂafbng
the gui de rai lgynéhicl 18} eadlan@sd 9% doein tadid Yog td ngo admbiea], udi 8gba,

persons, and a ensLon that_inte S 1 SSI f

hi gh-f requenc?nl%gﬁg?f ﬁ%?’ﬁ%l%z\ﬁ %%If?glrl%ﬁ %% H{}hee&%]g%%{sl %%g]@g%dé %gbtg hl}e?l}lg edt he
frame 91 to thy garovlidiany = ppwitidahaamued B givarhédYrane 91. An

accel eration neasuring device 9 9 , i . a . , an acceleration neasuring
nmeans, iIs attached to the car 95( i . a . , a driven object , by a

pr edet er m ned thodk,t o meagurey 18, t he, ver tyi cal accel erati on of the car 95.
The out put of:ﬁﬁggéﬁﬁéﬁeﬁaﬁébﬁghﬁas3Wﬁ% dvice 99 is transmitted t hrough a
cable to a2 accileraﬂion di spl ay 101 di sposed near -t f)rot ati on cal cul ating
means C2 and CzLLp'Jh%' gceley.al bRy di ay 101 records the varying
measur ed accel epati oh gﬁ ) ?é&brdeg%chﬁp . 15 The electric nmotor 11 is
nount ed on the base 29 and the secondary sheave 81 is supported on the bed
29. The bed 29 is attached to a machi ne bed 103 by a predeterm ned net hod

to forma not nditidte@hnily e Hafudakd pdrandtsdrd led ap, akiop,f hgor
107 of a buildhgﬁ, not shown, and is sugported 2? 8n rgggsr Y%giatggg
i sol at ors 105.8Nfh&rs3R AR Sy EFPE&T SO ol dtdd he si PO bf t he
rope 36. The stmrVearsdip®s). device 89 includes a bearing 109 supporting the
sheave 87 %or rotation, and a sheave guide 111 havi ng nenbers extendi ng on
t he opposF e sides of the 25 bearing 109 to gui de the sheave 87 for
vertical novenent. The | ovBRIEBNMDESCRIRTEOR 0B THE dBRAWINGS fi xed to the
bottom fl oor 113 of e Rhui | di rat-Qn LM BratLebageRLEs! | er
1inthe first enbodh%%ﬁﬁﬂ§%il e g%%?ﬁ%&%%%%O ?%agaafting stat% oféthe
system wher e athdhir priesgndeinvensdonswibhneetene tpieharprreatpfzom tee
power source i br 8LLOP; 6PDLRO! kkehS GNNehftbdioidihe wingl erpbase
ac power sourg%P%%?w%%% v?%%g?%gg con;rolﬁer 1, the speed controller 39 and
the drivi B§ dedeenddnyied | draperasi ok WRAHCRhe out put

Fig. 1 is a perspective view of a vibration controller




35 of the desired angul ar velocity pattern generator 65 is zero, the
angul ar velocity of the rotor shaft 13 is zero. Wien the desired angul ar
‘'vel ocity pattern generator 65 generates a 22 trapezoi dal desired angul ar
veIocrty pattern as shown in Fig. 4 and tkfe angul ar velocity of the desired
angul ar velocity starts increasing, the specified torque calculating unit
67 cal cul ates, p e o] at ed C tor 11
on the basis 0 %gk%gsgﬁ§8§%§§ %ragg gg?ﬁ% EE tﬁX F?ggghgh% #88?6§Bded by
t he angul ar vel oci t §igr adsioranbdgckndiadZamndf a lte siibec taogucantveldeict y
provi ded by tgﬁoggsaheﬁlgngglar vel ocity generating unit 65. The specified
torque cal cul ated by the“spédified torque calculating unit 67 is 10 sent

t hr ough the adder 68ige }headchemad igend deeigvaThen pifranmgl eyt er syaten

uni t 75 cap ptaf_taedf ' yhog apgee @{m;ételéﬁwrdamro:hruf 43 syel thatgihe

el ectric nDto ener at es e specitied tor e Inverter 71 supplies
an eXC|tat|one@bPﬂémﬁn¢o the el ectric notor 11 and the electric notor
generates the 15 sp figdsitorqg t Ly v t on
the rotor shaft 13 gggrtg %%t%t#%apﬁoﬁggggﬁgt%oﬁaE?%rﬁe ?0?8%1§E§$? %g is
transmtted t BPEGdAiede angulabn ‘IQJ@@FﬁXtISPQCG@\?-Ieée kY dhe t Nabragdonshaf t

17 to the res%‘ﬁ%ﬁ:oﬂer he tplegral-sRr @aRoai M@ ntNid tB3 thigleSeS the out put
vol t age accordl ng to 20 the i1 ncrease of the angular position of the rotor

shaft 13.10he angul Ellgpo§| iiSoR CFAREf SPOVAGIUR Paksernandt Yrmd-athenoetput

vol tage of th@ctkedealatiidCapeicid ikl by23hieNta b2A taBAU RN tROI 1lerOAnOfnehe
rotor shaft 13, and the arrtr%@l ar vel OCIty transformng unit 47 transforns
t he out put voFt’-&&é §Mmboge t3MScessing unit 23 into an angul ar

¥eljo<t:)| tfé by, Lor exa'HPI eg aspae@dep@tl fstqemmtgl at pattefins o&n%&t’ilrat\iﬁhomﬂy i's
e ack to the speciti.ed tor nit .67 to rol the
otat;on of { RECEIERRI ISP SPCHELePh Y dis D asdel CORFantAPn dfodhly) o

t he sheaves 37 flialsltowmblodd ndei meidtbargmlear vel ocity 30 pattern shovvn in Fig.

4. The tension of t rope .36 wound.around t he sheav mtt to
t he novi ng obj ect 1?3 rgallgeat ﬁgal%lvr %‘&W&Qj Fe& pf}%g? g rvgrtfl%% € rying
according to ac@wJerIathmee@qmrﬁl@rm byFithe ¥idhraws onheondiriodtliean iof trhhae
accel eration qf; the d.h time. 35 1f the sheave 37, i.e.,
the rotating (r%er]rtgletr effﬂ%,\é! ynam E&Ltly unbal anced, a centrifugal force
represented by Expr é‘gﬂ of {stp nerspeatiwe el ew afon wikration comtyoller
nrco'' . 30- 4n a(%£r§%9E861EQGa§EHHBB¥ She LPEH AVESN | BhtL£ P 14:P8n the
significance 5 of quoted expressions.) Consequently,vibrations are

gener at ed abodtitste edhqddmegrt igravity of the notor unit 104 supported on

the rubber vibratiofiigsobaf 9125588 spe k@il ECH W idH ald DHr£OIPORIH 018 er
vi bration conmponent in the npving direction of the novi ngtlo obj ect 14, of

the vibrations™ & 5?8386&9%%1%%?%0?&)% the VEPrREIABVFARLEB}LET iy the
Simlarly, theivest ichdoddintrad; on corrponent is pr opagat ed to the

count erwel ght 83. The, vertical vibr t|o nen r opagat ed further
the rope %g to the rLelOS"} aTﬁﬁ ema ﬁa? ?V% QRs 3T ShSVEFOT
vertically. 15y%temrtpmldémkwmghf arcatmattumgl oronteo b 0r iuniat sk@brids
gi ven by Expr e; 5) 20 A shaking
force that acts on "&?trm%cnogr% Ijlge%'to ti} %em't hlemternatnsém ‘ssion of the

above shaking forceFig dgilves aaplEx:br@:segmn(oftSt)le vabpdat hen mon tp lolgrect

14 vibrates v 1 a \ghbration node shown in Fig. 6. 25 Fob (s) =
L~rnrcvz sin~ ﬁﬁﬁp) rKt(lij)rlJ 19 .. (6) If the noving object 14 thus
vibrates $@rtically R &2t he ema@aﬂowﬁgta@n&n@eﬁbéq Wt ignaipeded t he

vertical vibrat] QnS, Hrd oI RAME MDA in 4 I hilr @B Jd Gk rQuUBy Sthd he
suspensions 97 to the car 95, that spoils ride quality greatly.
to the present invention;

Fig. 13 is a block diagram of the vibration controller
in the third embodiment; and
35 Fig. 14 is a block diagram of a vibration controller

in a fourth embodiment according to the present invention.



The 'vi bration controller 1 of the present invention adds the output of the
rotation calculating neans C2 to the output of the specified torque
‘calculating unit 67 to cancel out 35 the shaking force given by Expression
( 6) that vibrates the 24 novi ng object7 14 . The output of the rotating
noti on neasuring nmeans Cl is given to the angular position transformng

unit 45 , the adder SW n 8 ded by the
angul ar position tran 0 %&&iﬁgﬁdﬁﬁéﬁse angle (~2
) provided by the phaafeaﬁjadsérﬁmgiimirttsﬂ&f tie rickens DEveat Lohadiligbeni t
55 cal cul ates .t he Slb ﬁ & ib % 4 &/P) f th% ogtﬁué é + ~2) of the
adder 53. A pPBEERLPEAQULLP TEEGELRTS( °t RETAGPER SRAFE™E8 provi ded by
the angul ar velocity transformng unit 47 is given to the multiplier 59 ,
10 and th%w ti I| [ 5 cal ctul ates the square of the angular velocity
(w2). The galk—ﬁgj—ugﬂ—rgg—uﬁﬁ- 57 multiplies the output of the sine

cal cul ating unit 55Ab&y11arq0tiamietc©mrtrn&degaim a ¥ st Embodintdrpd eecoding
rmltipliesth i q he
angul ar vel ociP yﬂﬁg%’(r@% F;Jr]g\l}lg%hg § téhgl%lctélqpld égngéaiﬁﬁestoggg trgklp%t he
mul tiplier 6lnumetradtldm Fhegsr dt ab|33.n dal Eudst ilngorieans eGZevatdrxatsyis$,emt he
rotation calcla syl t C I

Expr essi on (2;{ %bagvgﬁé&a% SI N~ Elé&ees nﬁ%ﬂaﬁ . ?é? ?ajf anLe garn gnd

t he phasel @i fﬁ@rm‘eld@dwntﬁ@resgrmel(eqtr)lcametequdl wibich g&i o ddivdng a
phase di Tfer eggce %;é@'é%\%&ﬂgb)ﬁeﬁﬁgreﬁa%‘ hotind Mided@d, wikith s_dga'gbj 9.

force acting on the obj ect i's cance out novi N
14 does not vidgiyea ebiertal | Thendbraddns cORSsORLer k"l&mm@rﬁed W"J;VX Yc

----- (13) Gdba3r9t5t1ngpmofﬂ6n1measufln? means C1( rb®atReh ceheuTR\ing
object 14 is to descen a desired angular velocity pattern obtained By

mul tiplyi ng t A®a@&siG2e@éhG?'ar 35 velocity pattern shown in Fig. 4 by -1

may be gepsrated byThear35a{:ﬂﬁ?dﬂﬂ!i&ﬂméagukihg\/@é&%TCM patd &b e ycat or
65. In this state the re

I ations. represente ressi ons and (
20 ) hre val | 0 TSREIEPBIE BRAae Al v bR e L BmEs DBt 8ed rapabLe;
is s?t |) sfied @rfdgéﬁéﬁet%?g amw&ﬁggetp:g;c?;toﬁﬂhcﬁaagleseem@ angoet &t y:otE(t?)on—
F~~o(s . eav nt e (0] r ot or, t IS
boconttic, 102 EREATAE I B B (ol Hel aptosn ity 55 Ly ekt
di spl acenent dinvénréygtExpreessiaied id)thelho sod| sypltasleowmni ofsthe lraslof viexr t he

centri fugﬁb fcirscea)nadf Cebiakis 19?53&&9&%9%& SLEVRS WorSd£d8 Fo ¥ ™ =

r-, sin-
rotor shaft 13 and capable of transmitting the rotation of

the rotor shaft 13 to the input shaft 17 of the resolver 15.

The rotation transmitting device 19 is provided with,

for example, a universal joint or a coupler. The resolver

25 15 comprises the rotor, not shown, holding windings, and a

stator 21 holding windings. The resolver 15 is provided with

a signal processing unit 23 capable of generating voltages

intherangeof, forexample, 0 to5Vrespectivelycorresponding

to angular positions in the range of 0 to 2n (rad) from a

30 predetermined origin. The stator 21 of the resolver 15 is
held fixedly on a bracket 25 by holding members 27.

Theelectricmotorll, i.e., thedrivingforcegenerating

means, will be explained. The electric motor 11 is mounted

on a base 29 and is held in place by holders 31, so that the

35 motor 11 and the base 29 are integrated. The electric motor

11 includes, inaddition to therotorshaft 13, astatorhousing

33 fixedly holding the stator of the electricmotor 11 therein,



A shaking force due to the displacenent is given by Expression ( 18) . The
shaki ng force causes the noving object 14 to vibrate vertically. 20 F~ (s)
= L~r~,sin(6~ +y~~ )~ D(s) . . . . . (18) The vibration controller 1 of the
present i nvention adds the output of the ¥botation cal culating neans C2' to
the output 25 of the specified torque calculating unit 67 to cancel out the

shaking [ or ce,0ben g BEPLESS! 8 & BnkrbbabaviDeales Lhe. fayhngsothect

14. The out put angul ar vel oci ansformng unit I'sS given to
t he angul ar peyiltndmicednstat et dpusiing 38 a:nd shpraggdéngsghe atpmpghaft
angul ar 30 posht LAVi t ngul 6 L f l uni t
45's and a prgaeftﬁagﬁégap asgeiggr??ég ilﬁ? %r O\a/Ei( Bgég%hg%érﬁlﬂéﬁeﬂgg}lgg?i ng
unit 49' , an@ntore shfect dheureteonghanittl 50 transmiaths Qe wt §ergusi-n ( 8

+~1) ) o tl?teeOUtﬁi:'_tLvin forde ) oFf tﬁg%fgg@flé%oto The %&@J&%b%@g
unit 57 mul tiplies the 35 output of the sine cal culating uni

pr edet er m ned36 tZ—'Bt@%lmﬁVénEBPb)JetCG bt apRead comtyerl ler Q%Eh@‘épéﬂpﬁﬁates
cal cul ating ”%aﬁée@f1e89|§d&}c}ué)ffoEaéGHt:f‘619£'n§'5EHE9r@EBVt‘:ﬁ@' Qﬁeéd]oﬁ the

provi ded by the rotation calcul ati ng nmeans for the angular position 5
and the angul &Pte&l 6bpff &f PRethotRasLh A% t]?Ba qmaput of $he-gipgation

(1) I'f thecaard1Perand bha RNAL VANl @eoiek 23 kREXRPEREINGR %@w@rl )
are equal_to a gain ka and a phase difference ~d expressed by Expression (

24 ) or (196 YErom Re e -mhassr @ ROWERy SONTCRe 4o #PRg MEiesc theg rodor
cancelhl ed igt shialFe mavgegeebtecft tjdi:qiﬁﬁiaqlﬂt‘all Vbbﬂaéesp'@éiff@dlluomefja gﬁncends
snmoot hl y. rbo ~~

T Y 1 e BRI iSRRG o e e FOEEY SORETEITET Ses rod |
angul ar 20 veI oci ty That batputbbai ﬂEd Jbrytaﬂtlirtg [rheyt 1gn tnteen sdasi e theamgpu ICAr

I h d d
2ngul ar Vel ocity S3ABPoFR BEhdrattrin SIS B8 CLetlatbnts 1o
snoot hl y. 1% t Imut@tt:rtohnecatLbnaartdmgamﬂams)Id?ertna:lurietshealh|&r$u325: @uisddiiment
has been descriAd ARl Ld:! P GHUY eLhhagoLhE SPTRAUAL KeTtAE W onal

vi brations of the nmoving ynam ¢ ance
eccentricity @rrqd@@aghmums?mtimtcgar qgrcesanddd;mgamlgmhermmtlon of

di fferences ~2th%“‘}otjoé%rahné§ﬁtei1 fne% @G&faf}evf qldqu gzr%‘iliffg}nﬂgﬁgtfoﬁﬁfiecdure-

30 (1) A1l the gains the ase |ffer nces are set
to zero. In trﬁ7st%@*étt§an§ﬁ@r5!§cté19e$%m$ ©HtEP§r§4r’é€3¢ }Irepragponding@gular

vi brationggof ({dgdmw 'H?f Qﬁiee%tjcﬂ: ShaFOW3 ;| %z phfs X5 Rst i Gnik Qreeat er

than that shown in Fig (.2) The gali n is increased gradually, and

the moving objtdat fm%stréa.té@j DhRFe GReHed Orfepté@( QRtPUnGf the pnepdar

position transforming unit 45; an adder 53 that adds up the
output (V,) of the phase adjusting unit 49 and the output (0)
of the angular position transforming unit 45; a sine
25 calculating unit 55 that receives the output (6 + y,) of the

adder 53 and calculates the sine of the output (sin(0 + y3))
of the adder 53; a gain adjusting unit 57 that multiplies

the output of the sine calculating unit 55 by an adjustable
gain, amultiplier 59 that squares the output (w) of the angular
30 velocity calculating unit 47; and a multiplier 61, i.e., an
angular velocity multiplier, that multiplies the output
(G2sin(0 + v;)) of the gain adjusting unit 57 by the output
(w?) of the multiplier 59. The phase adjusting unit 49, the
adder 53 and the sine calculating unit 55 constitute a

35 trigonometric function calculating device C3.
The rotation calculating means C2' includes an angular

position transforming unit 45's, i.e., an integrator, that



27 occurs in the anplitude of the vertical vibrations. ( 3 ) The gain Gl is
fi xed upon the occurrence of a change in the anplitude of the vibrations
‘'shown in Fig. 7. (4) The noving object 14 is raised and | owered 5
repeatedly while the phase difference ~119 increased (decreased), and the
phase difference ~1 is fixed upon the decrease of the anplitude of vertical

vi brations of .the noving object 14 to.a m ni| 5). The vin bject 14
is raised andlpBﬁE}'@Bei%r} ¥8F9CMV|¥?‘H$J€5851P& %gie Fé‘giwf e‘g%:g%él Y
(decreased), endnthergahg Walit 871 ixptaspond ket ey updtes df thiat adphstside of
vertical vibrations of the ving abject 14 to ] ni num _.Thi s_ope L on
makes the gai h?'&1P eth%“%ﬁ%sgr%di&%ngﬂé@uzl °£i g%?aé’”\ﬂ%?‘% h%°§%&[-%&kd and
t he phase difteaap€erminglimiesyiect, dal ygdddhs3’ thatvadds agd thieboatpohs of
t he noving object 14 due to eccepniricity are cancelled. out, and t

vi brat i onq:\/vavé’fpé)ﬁ P Enbh RPRATS ga.({":‘éuﬁts”tﬁléﬂlgcyél b)?ntdhghgcf?glté’l"l ti(Eﬁ o spl ay
101. (6) The nhei ngngbjlert ddsiskionmi sechrentbinoiway ecird® r dPpeast.edhy ahnel a
change occurs in the anmplitude_of fhe vertigcal vibrations shown in,FLg. 6,
whil e the gai ﬁa%‘iuigti"ﬁgr RN dsgr a%ﬁﬁ%?l@e.c?l‘?eﬁ e odfeﬁLhuTGZ(lBl)s'F fuﬂ))(%dogpon

t he occurrencthef addelrafdé mndt belanphieadthef sihe vEbkhei sameshotiputn Fig.
6. 25 (8) The ving,object 14 is raised.and | red repeate is t he
phase di ffereﬁgg a~§gi”§ 4%&%&&?@&1%ﬂ‘§§?ea %Tugﬁgp?ﬁgsg%aeséeu%'#%ghgg ~7

i s fixed Lpon+the) dedr ehsesiaie thé cadpltingden bt SET biycan adjrsdtabdres gefint he
movi ng obj ect ~14 Ml : e) Vi ' 34 1S5 r@sednand

| ower ed repeatGéE:II ;ﬁ”ﬁ]‘l‘p ggteg %lgﬁllg ﬁnﬁ?ﬁg?éagkg%o‘{aﬁ gase(_j), and t_ﬁe gai n
&Z is fixed upedcupatdaer amdd &5 't rongipl Y iRie? of T 8PRPRAFTIFbERPFEASNOf
the noving objcgGlbul4tlidg® adviicaues - Thi s operation makes the gain G and the
phase difference ~2 35 coincide with the gain kmand the phase difference
respectively. Thus, TEEeSReeti cantrables i39hasoR IHeV IR iGeF SoFREF1ET18ge to
dKnam' c Ltrt*]gal aa@%exsqlr encansel hedv@gg,d?mc% 45):8 ﬁrﬁiﬁt agmezlle@ a;toig@th\gavezlﬁmhm .
shown in, for exanmple( Fig. 5 is _displayed. by t accel eration display 101
to enabl e thetct,’@nﬁlrer?&tril& “i?ft°Fh&1elaiSnian§triléf¥rn8f %PﬁgengPFngglﬁgbfngﬁP%ns_
Thus, the vi bkanilome @dgcdilbad o Fddia iffatst wddsaditandiny el Thienapesdt he
vertical vibratigns af t nmovi.ng object 14 due to.the_ dynam.c unbal ance
and eccentri ciY 5101;?'1‘?5 eal\?glé‘%e&ttar%ﬁﬁtﬁﬁ e PIYRE Pﬁ?él?é’g:té’apalt%%ae%(@ur acy
of the sheave ggheidatmighs thadweneortred a désdrefiGraguldevetqoitegattern

per f or man of, t he .el.evat or r A Ity
eval uat edf(l?n t'er r‘@l(%ht & fg?e{‘\atea%eoa%%tfﬁghgg% 8:%%0?]( ésrrll(?cégtxclﬁl(eél ﬁ%ﬁttori de
qual ity can bée meurtet Miechow@ndepespdicid ied tHeaquiegicdilopleft imtge validy &t/or
system and maGhi i R RGHWALY o SPA AR §REHO oS KPP0 N AngiaRE:

speci al reinforcenent and conponent nenbers of high-strength nmaterials, the

el evat or 15 systi@aidah dfe ot ahafit 116y SCoRSs LAV RFAFE DR i on

controller 1 iyhd hfedirsd &n{%\ﬁﬂﬁ%lééi@fﬁﬁ&@'@é’;m bh the bweikolodt itde
cal cul ati ng means to deal with the conpound vertical vibrations of the
c

novi ng obfect CEFRAREIYE Ptwte Bal hhecdanired @RTIRT tPLAHE h R0 of
rotati on cal cleHdritd®dBSahd 119 drigilladvieQowey epdnshermihgaindn 47.
controller may be provided with any necessary nunbher of rotation
cal cul ati ng nEAa{hsa‘ﬁjcﬁl? &ondifrg thﬁ'g’orﬁﬂic?e)r(”g’frr%ﬁf’é}nac‘{aqq T AMFed or
eccentric rotaddy apnites.rddechyinsn oatbytanlod atitedsprdi€édedntiramiue
rotating 25 rrenagl[er i s_nhot Ii.m'fET_gd %‘oth rsé I | anical ]y glgpnced
and eccentric % %H#%‘b”f’l%%&? yt 3'5%@1:1 ﬁ%%’?,ﬂs%g%({és %gﬁréo%or of Sfhe
el ectric BoOtorunit 57'. The driving device 43 includes a converter 69 for
converting the ac power received from the three-phase ac power
source 41 into corresponding dc power, and an inverter 71
that converts the dc power provided by the converter 69 into
corresponding three-phase ac power on the basis of the
35 respective outputs of the adder 68 and the angular position
transforming unit 45's so that the electricmotor 11 generates

a torque equal to the output of the adder 68. The inverter



Al t hough the rotating notion neasuring nmeans is provided with the resolver,
the construction of the rotating notion 30 neasuring neans is not limted
‘thereto and various changes nmay be made in the rotating notion neasuring
means. For exanple, a generator capabl e of0 generating a voltage
proportional to the angular velocity of the input shaft may be used.

Mor eover, althou rotat of th out aft of the electric
notor 11 is t?gngﬁtctlsﬁgl l% %'ne tF ann tlfrf‘ljgt d%@ aﬁQCSngPIﬁE

i nput shaft 1’Ehym‘1tsrlterrf)imng)fantgﬂe mreihlevleaslswfhthermttmmt of tisd addehe

rotation r Vi ce shaft 17 does not ace
any restricti o%sglgﬁr%kliué Qp‘pc qﬁ; ]p% E ro %f%%ﬁ slrﬁrt ?Fﬁ&%&ﬁ“&é‘glgnéﬁd t he
use of the ingét sshadicdvingdhecangpl er posidtiatn ng |sh|ea|veasuwsmthEans
Cl' may be; an,ophical gﬁ%%%d% Eu}}f% kngLudiag, e”?t &g Seidr Gyt gb.ggual
angul ar |ntervals I'n an end par Pthe Fotar P and-a 5|gnal
processing unild 2 generiated avintedeteopiinsd tserpoe 14 7stppliedetoi hget he

serrations 1131@3+% %Wf?lo BrF19, Bna’h ﬁ%ﬁiﬂ%ﬁ‘?}d AN fﬁe%?tlért' %QIP??&Q%

may be such as capabl transmttin rotation o or shaft
13 through a ltbtfle@rpl@}?e ac current atOr dhet edactraasndter g dpamesprosea

rotary encodekolgea®utpan olen tﬁggflglnél 'éﬂﬁi”tghcBH%rtSbefJﬂ'i‘toagcom roller 1,

the speed controller 39 and th riving -device 43 are di sposed separately,
15 there ¥ e not an} reRFietRhAfe oACt ROWEL af@eRent 7dndSyRRkESS 0POWRE

vi bration conheelels@ard, fbmetﬁeesﬁefaﬁiwléﬁrtr?@vawattti%ndt;bwt%l%\ﬂ ge 43.
The vi bration control may be entirel partl included in the speed

control ler or f‘FreSBPFQI ﬁ@ni’iE9ﬂ-é§ro?9t v'FIPﬁ eﬁJTJO‘thﬂ)rﬁ‘?‘bllqeer“and IphEhgpeed
20 controller fmuomnlgmmedlagrahg drinisiel €ledh G roveedhre SOl gRAL A

vi bration conﬁr ol ler 1 ei ond enbodi ment accor di n to the resent
i nvention wilFH& desac,nrq b Gif t H1B8Sr EFRFERER T PoMeTs 11ngF AHCYAd Fhe
vi brationt 5:0nteELelc|tef:Lclmortotrh&1f angt thebedbirattions cph@\rbdedrvmlt h the two

parallel rotation calcul rrean ass t he
rotating member is t%k‘g yna %FW Wbaﬁ&ﬁ&géese%‘ye% FF’(‘: gp}eéa\}BS%ﬁ&?
vi brati on continoélwertiical polsdtienoby aephedlertrenrtnlwekil m&8thbé, dﬂm:mblvedgas

appl fed to contraldhi 19 Whe.v ALl 9as oL a,9Y 80 8l UREUGLOGYAGRLCHL! Y

unbal anced sheaves 3 7 resp ectivel vi ng i'ties.
The V|brat|onacénEB¢IE@mel36lbawnowldae eindh coonetited MDthnnuppasupamg

means Cl ggd SRRAL r r ; aves
37 and 8429(? a%(% F%tgatl onﬂééSF% f:g&ig%@sé’gﬁs?egiét%ﬁrg%&i%é‘%hgﬁ q]‘ché @ﬂeﬁt}

confi guration37 AnAj gssecamiaryy St@avt?aﬁtlsfprkbnmr’@mg etsfm)rﬁdmﬁg:m@rt 0fse

30 of the vibrakisadnCeRhEOld 8mdhddn therhl &dp ee@*ao%nmtrﬁt% RNQLednky the

sane reference characters and the description thereof e omttéd, and
conponent s of *EhENGi BRERPBRBIGRT dfl e CPUrdermedighf £A corRestediteh the

function fr orrbtttmeeﬁdcﬂf the mbé azts BY £ 9HeaRlte@ihed Re €hE68 drA RALRAGDY
attachin erence char acters fromthe corr es%ondl ng

conponent 5of atWS"\?Pl’J'r éPPaﬁaBBhPﬁgm %guﬁ to the tension induced in
rope 36 by the weight of the moving object 14, the electric

motor 11, a second rope 85 having one end connected to a lower
part of the moving object 14 and the other end connected to

the counterweight 83 by apredetermined method, a second sheave

30 87 suspended by the second rope 85 and capable of being turned
by the second rope 85 and of tensioning the second rope 85

by its own weight, and a sheave support device 89 capable

of damping the vertical movement of the second sheave 87 caused

by the variation of the tension of the second rope 85 and

35 of restraining the second sheave 87 from transverse movement.
Themovingobject 14 includes a frame 91 havingarigidity

sufficient towithstand a tension exerted thereon by the ropes



The ‘rotating notion neasuring neans Cl' has an optical encoder 119

including a side wall of the sheave 87, i.e., 10 a rotating nenber,
‘provided with radial ridges 115 arranged at equal angular intervals about
the axi's of the side wall, and an opticalz2idevice 117 included in a signal

processing unit 23" attached to the upper end of a bearing 109 by a
predeterm ned_net hod. I nformation about the rotat ie([‘)in gf th% 15 sheave 87 is
gi ven t hr ough38reBh$-afupeeiRhes FRALFo? FidTFamged a5 the CRET SPERFHR

cal cugati ng nBﬂ”?h@?r-anﬂ"l@lr ebagh Dile Qﬁiélmlo&]&h@glmﬁhd:gh(iu]eanSland
provi des a specified._torque conpensati ng val ue i ng .Expression 2 to
attenuat e the(%\g/erat‘? EFEV, %tﬁ’tra‘f?’f)r? %Prac H@éﬁ%‘?&@ﬁf@inﬂﬁe‘gs@%u 2
sin~6 + y~ 2 and a .suspersdorAn9addratb63n'tercieptsa the( aralysmanssidmal afice
adj usting adder,  adds up_the_respective.oufputs, of a cified tqrque.25
ol cul at i uREBnGSTERlBPRY PERAEFERLESH A T e b B8 Aep a6 Hhe

out put of thesaddRtofifh tBegfvamet®l aralrihd s aadd3uagpoatspebef ced

vertical vibration attenuating torgue for .attenuating the vertical
Vi brattons. of SPI HBb ERGTBH bt AhALSR] XA thoERE bRy B 4 Thne
control | er 1"annaaceherdtkobaonkasentisg oeahisng isoatbhachedsemtthenvcemt P6n wi | |
be described with referenc o. Fi.gs, .1 i i C ers 1
and 1' in 35 Che i gs r%’%%ﬁetc}t? esce%'or.? én%%%?%%?ggf%géﬁ%ﬁde%rﬂooﬂg hégu&

el evat or Hyst &ivei vewhiichlt decebenaylieh axf ihe werofSi s The avtipith@if thee

31 gener atl ng ARAASLLANdn! HBaERYHAG ABLECE 39 96 tREnEEYRLAT thYBLEM bS he

he E nera 8 t he

driven object. riving trorce g ting neans an riven obj ect of
t he system t ocabilerta aAr agcedematiionditdrday L0 hgpspegdedmearothe reiteédono t he

el ectric motogad ANdtiRe MBXhECPYURE 24 ThE Ad B+ O SO 141 1 n
the third enbodi mrent w Il be described as applied to a uniaxial positioning

tabl e system ¥FesordsfheRarkingmepsmrss) aeteierat s rhidore FRF €abrearsz, and

the drivipg force generait8eri®MBLdrS1a 14 MR tiadys tid baRleopo 12 th@ The
uni axi al positioning table system 125 includes the |jnear indycti %?Pog_%t or

129 having a [§® a2 £5£2Y68 hntsS tHPRISE/T &% et B5fe227 The D ’ng

IOarti a d[ ihvi &? d(t\tia;éhteﬁ?to h.lﬁa%r_aﬂrédmad n%p:f q:ry;:% @ew_e?;tdrm_grfmt n%ithbhgt .
exerts a thru ual to a specjfie st _on e positi.onin

, rollers 1333%% rﬂ%%b’“%ﬁ%’f)d?’ﬁ%gm[%e ngi PRGAING t?%‘illedalif g‘tnsg(‘?&i ‘“ons
near the opposint & eswl<lafort he7!éMheabui hdinyi arotmshownl 28nd s guipperftedne
137 having,a W shaped_cross_section eari 139, att ac e .Si

wal 15 of The g A0eRez,eibiat el Hbaats 493 1 ind G850RGEY e P
rotation) an Z@&aroie caltdtetedy ddvesdrensAbrf @f rbb@snopeg 3dhe position of the
positioning table 1 d rall 39" qign [ des)

pattern generating ﬁ"\ﬁ %é’l%%?% gngj%tgrgpgg&’ﬁ%%d 8t9h(rill?slé;1hcia%|s§u g’ﬁa%g'q}l?rs]ﬁ?%gﬂ,
and rotary encowrmoytizen thel shegwe i87% fon godEtignmoainch aedaavien guitins
Cl", having 23 eagiyidl) miiitdrs QedieH Wh Wie Dhpidsiwdf died Ad ane 1332

and 133b by couplers ( 'not shown, respectively. Thé specified thrust

cal cul ati %9 uheanisg (Jdeitre gyide rtha isheaao®7 e peoitiicd sovanent.
posi tioning taie 1b4erBAgUS£GHY shidavepgitat 11 nady rsRBY0E0 1¥He WY AUED a

pseudo-differentiator, 143 i1e building.

The operation of the vibration controller 1 in the first

embodiment will be described.
30 Inawaitingstate of the system, where thedrivingdevice
43 is connected to the three-phase ac power source 41, the
vibration controller is connected to the single-phase ac power
source 77, the vibration controller 1, the speed controller
39 and the driving device 43 are in operation, and the output
35 of the desired angular velocity pattern generator 65 is zero,
the angular velocity of the rotor shaft 13 is zero. When the

desired angular velocity pattern generator 65 generates a



30 receives the output of the desired speed pattern generating device 145,
-and provides a specified thrust to nake the positioning table 127 nove
‘following a predeterm ned speed pattern. The vibration controller 1 " in
the third enbodinment is 35 provided with2& coupler, not shown, i.e., a
rotation transmtting neans 19, rotating notion neasuring nmeans Cl"a and
Cl"b respectlvel i nc SI processi I " "b for
converting t he oﬁ?put‘s 0 e ro?ré?lfliae%c‘:’o% é’;&gt%%?%%?dn%fs%}?ﬁﬁgq I_2§g.
correspondlng4vmmdagms anguﬁﬁﬂﬂvaﬂﬂqmtyr@EathendeahreﬂaahgglaeamleQiGyand

C2' b that cal gyl sa ng.t hr M ,efue to
the 5 eccentr%glfles of I% 1%%%%S§§§§f%%é'%§%§ﬂy%: etgbggkﬁgﬁi%g
table 127 w thalesbatesta)sgedu.feeﬂlt:qrrque Whlbmgeherp(bsdtbaorthngeletathN is

dri ven, 20 Ao2afels O wnb- fas1 28 LTHRILELENERAN AL Suatigacpddes.

t hat adds up € respective ou uts o ro atl ating neans C2' a
and C2' b androherspheﬂtlﬁrommdedlbErtB@ angubat ave posity ohranshefming ng

ni s 45 Of L GRELIOf BhiaNaBaL SUh A NA G080 E2 D AR Dol HANSHOL I LA e

outputs of the rotating notion neasuring nmeans b 1 nto angul ar
positions of @hguﬂ-@rltétB%OQJBBﬁ gmeqmg rasite @S vellpe gBerifipd F@m’é‘P 133a

(133b) is eCCegt&hiatéaebgaehteQgtelfﬁtﬁe@araﬁs éaﬂeataﬁtﬂ§0ﬁnt@66¢nﬂsthe

positioning ta varies according t hé rotation of The roller 133a (

133b) , &M t AentHhrauaf thaadderced terdiv 8rdHingevireodyar e faring

synchroni sm %hale%r{&wﬁm 95 cfott%rt)ql |the éfﬁéfné 3330k o2t SoRgRaNenE! v,
the speed of the p05|t|on|ng%_e the speed pattern, while the

posi tioni ng t 8BLE Tyughihatekhe ﬁlﬁﬁérél?l“\ﬂtr?df der EéeﬁFéﬁeSﬂt’Eﬁ gperified

controller 1"tbRqhBe tfhé dlﬁ@@siéfrmt sciiyﬁlqre%ataas elbg tuanbat bﬁﬂr@ﬁtt be
t hrust of the I|ne r i nduction nﬁt %dﬁt t.he eccentricit 5 the

rol ler 133a (t283B}1eS5TLRatRE qiclﬂ? H§y9ﬁ89r9¥8PaF
the drivirg dspeetifaed ﬂ'chtﬁjﬁ or €,ona;©qw‘ea¢)lyl ntheashieaiveds 1 heunmbbarrstﬁGSa

and 133b and accuracy _i.n i e roIIe 33 nd _133b eed
to be very hiﬁﬂ,oﬁhfﬁﬁfFehg gafhﬁgﬁ%g t%ﬁ t he ﬁﬁ%%;ﬁoa %%o§| |g§%ﬂg
tabl e systent%BﬁftPasiuboMranbmiMEEdoMhpougthUebyothelopttrahshnh@ang

sensor 141 1,L63n5" 3 pd B yR.pagude-d) LREEUIA AL 142 gk 3bnar

connected in SEries into an accel era 05| 1 Ohi ng
det er m ne valpescessbagpunumdéd bylgasnthdjugtpng Mnﬂtggs7acanddphas§035

adj ust i ng, gini tﬁe‘l%ncrgagtug duw atngé%lgﬁlr gtag &83' GH! ald NG IEAR% 64 §3and

C2'b by the foregolng jUS araneters can be eaSily
adj ust ed. BQhEomgulamcnﬁsmmtom tﬁt@t%ﬁqmrtﬂ)rit%t | €9 tranpformeolheh

embodi ment ace%%@%ptatg@o@r&%m hayf,%b@@s%blurb& 083Gt dPLed atighil a2
reference to Figs . T% gai n_ ad ustlngPunlts and t he phase

adj usting uni tPQSdrftiPﬁ”e %ﬁ H-rr%ﬁ |¥Rtt%rﬁrf“’t‘)ﬂ etd | angnERe; ARPULET: N&lloﬁlllta
enbodi nent  sett rhinsdd rmanéde un ifteAPe ttrianelfyrmdowdecbuthie gailtaged) bFt ithe

uni S and,d e s BdUStng untLe IV, SEL BIOREL PGl ks
system 5 pr owe@kmhpﬂdet hatﬂsweuﬂd)ma:tfmmﬂtmtatdﬂ er Thi's anguh&rfmﬂrddttty is
crbod Tent L RS b G TR Aty LRt O
a ., therotatlonofthesheave37sothattherotatlngspeed(angular
velocity) of the sheave 37 follows the desired angular velocity
30 pattern shown in Fig. 4. The tension of the rope 36 wound
around the sheave 37 is transmitted to the moving object 14
toraise themovingobject 14 at desired speedvaryingaccording
to a desired speed pattern. Fig. 5 shows the variation of
the acceleration of the moving object 14 with time.
35 If the sheave 37, i.e., the rotating member, is
dynamically unbalanced, a centrifugal force represented by

Expression (4) acts on the elevator system 5.



15 d driven object, included in the former elevator system5 travels a

| ong, vertical stroke, and the maxi num accel erati on and the naxi num speed
‘of the noving object 14 are high . The elevator system5 is provided with
rubber’ vibration isolators 105 having a M3yh elasticity not to transmt

vi brations 20 generated by rotary electric notor 11 to the floor in noving
the noving object 14 at the maxi num speed. A speed controller 39 provides a
set-speed signal V on the basis of a maxi num set speed for the noving

obj ect 14 of the el evator systenf5=mrarid a directil@h signal D specifying 25
a rotating direction in which the output shaft of the electric notor 11 is
to be rotated. The vibration controller 1" ' is provided with a rotating
moti on neasur i(Rgfiegarte CSummatat iodn thel dovenitigniiedos €ReasdgBa'ficanaegai n
changi ng it predet erm ned val ue on the basis of the
set-speed 30 S%S%E%q%h %&%&gggﬁgﬁgn |ng unit 155, a phase setting unit 157
that provides a pre@@@@ﬁmunedlvmumbnﬂtndnsamsgsnetathdahﬁquhedeskgmal Vv
and the directy 5 h p.~ih e Lve
out put s of thgfoQggggb angi ng unlt ﬁggggﬁﬁ ?%i gﬁ%@eggggt?%g%ﬁﬁlﬁg?%%% 35

I n the rotati §dbEAtd@nat s Hep RRH L0 T2 a vedtien vl iea pravEodedopgnt hé - gai.n

adj usting Un'%.51b§8@15hec ﬁeﬁgkﬂ§&m&9m69h59481fé8t§9hQ§EQ§u§%ov1ng
predeterni ned val ues on the basis of the respective OUtEgés of the

gai n chan? ng °®diect133 .anf Hhe 36&6Pt19@5 Tife PrOPagR3R I RNVC (¥ ﬁﬁ@enééns

Cc2" ' incl ude&oamharuﬁwﬁﬁ?awﬁ%@ﬁ aty . ongimanat of M e Wikt ik&h tHdkation
transforns the out put the angul ar velocity transfornln%hunlt 47 |nto a

cor respondi ng QMQﬂQ§PtéE%EFQP§9FBﬁdC%thﬁC?H%t?BW%%ggﬁéﬁt 1Bhe verticgds

posi ti on transﬁlwmtri@mabhpéﬁen& islﬁﬁcﬁﬁgﬁdﬁd filiathe BYl €RE ﬁ@?@rmylt@r
position (8) q%f; rotor shaft ase aygustlng uni t 49" for setting

13
a phase angle FEH0ndi S tl’l“h’élgﬁf‘?ﬁﬂfs FeBr oS Bevetyertd Cadddl-ar
position 1%ansfornm agveritlicdld' shawihdefdmsd acifinighenotheuho ©br tdrel tadder
159, an adder .53 hat the 0 ut (~3) of the phase adjusting unit
49" and the od%bé?kf%Bﬁ%'%ﬁz e %&ﬁ@hﬂ%ﬂ ‘position transformng unit 45 "' s
to provide an output ( 8 + ~3 ) , 15 a c05|ne cal culating unit 55" that
cal cul ates the cosine ( cos ( A ﬁb e out ph ( 8+ ~3), again
adjusting unit 5 7 " that sets an a (GB) for the output of the
cosine calculating unit 55" on the ba5|s of t he out put of the gain changing
uni t 153, 26nd a mul b BhhRin§lEokEd aacraefege%ﬁraié AB MGt LBYYLEG £0 db T )
that multiplies the output G3cos L arn”adj usting unit
57" by the outtguthe hrapsmifsigngef dinecdover & abmnsaf@ncatm@ giien byl .

The phase adj gSdgreGd4id (69" and #Readdeingdb ARG Lhey HOSI A Es Q}@I@ilc%tﬂ %9
unit 55" constitute a trlgononetrlc function cal cul ati ng device C3" n

adder 68", 25 it & Vibragjion gods,ishown g ddi%ustsi-ng adder, adds up t he
out put of a multiplier 61 (an angul ar velocity nultlplylng unit), nanely,
the output of the rotation cal culating neans C2, the output of the
multiplier 61" , nanely, the output of the yotation cal cul ati ng neans C2"
, and the2dut put of a spedj,fd)edLo oudsia(BOywd Y Gyl at i ng. uni)67. The sum of
the outputs of the rotation calculating means C2 and C2"' given to the
adder 68" is given by Expression (3). 3 5 F~F = G3 ~c~' sin~-B + y~-3 ~ + a
cos~6 + ~3 ~) . . .. (3 35 Consequently) a specified torque
calculated by u5|ng i Vi g, i T,
calcul & ed by usi I%Xeﬁg%r%amg oB)elct ﬂhvtgfhst %Bh?stggofé_flglsgj_!ifg@)ﬁrem
the same is moving at a desired moving speed, the vertical

vibrations of the moving object 14 is transmitted through

30 the suspensions 97 to the car 95, that spoils ride quality
greatly.

The vibration controller 1 of the present invention adds

the output of the rotation calculating means C2 to the output

of the specified torque calculating unit 67 to cancel out

35 the shaking force given by Expression (6) that vibrates the



5 If a sheave 37 , included in this elevator system5 , in which the noving
object 14 travels a long, vertical stroke, the maxi num accel eration and the
‘maxi mum set speed of the noving object 14 are high, and the rubber
vibration isolators 105 have a low elastixgty coefficient, is eccentric)
the 10 eccentricity-related shaking force due to the eccentricity of the
sheave 37 increases excessively when the novi ngpo ect 14 is noved at the

maxi mum speed™aNARHEH aHel foviThy BBFREE of4the AP TRIPRBRPEHBEd i s

accel erated omedfigeCerad eflvedndot Hige rmvgdrgzuﬂlyo@:ltl% geaasgoemingnghtiudi nal
vibrations. 15 If the rubber vibration isolators 105 have a | ow el asél city

coefficient, &5motle agder PGsafds upan 889RdALi RAsLYiey (the Provdded,
hi gh shaki ng taecenglieait pokheieacerdns fodnimf uhhe shandea ﬁfedetélﬂmlnebber
vibration isolators 105. This vertical vibrations qof the notor un| tapa

act, in addit PBASS0PRGLE Ha 23 nRKPHI$S PYethEPRA5S A JBEEéHQrW&H
sheave 37 , ORnhkNe O Waduabjtealy dith t 55h€a Pell atesiehef sihe (rsesuletarqtz))

shaking force of the vertical vibrations of e tor_unit 104 a

shaki ng for ce®dudh FOOPF?BuecéénfrWﬁ tQF o1tshet tfé%ﬂv‘e%e 3% RRESERE Bﬂgéléar

di fference betr\éeeelttlye(msutft 8nt sbhedt nghabt f18 granddd®yangel angpasict i on
of the rotor sh

han at .t he i rat| on.
The phase di f?’??"é’ﬁé‘ graeggﬂﬁ%ﬁ?ga‘wﬁ% 4r7ru¥%§% q‘a?lgﬁ%ﬁgd?"r eﬁl on % %9
out put shadt afndt tuheeme&t:mp&larnt 59 ddlcUhates otheg sspuare fof rtélegamular

adjusting units.57. nd 572 the ha in 0 n' are
adj usted so tIYgtl t ve(r“fl CaI ?b?% I 0%§38g1‘#ﬁé rrg%?nsy g%ﬁ_@; ﬁ%b

att enuat ed vxh@rmttph:et edvithe slijneccalsuilatinge waiihg Sat bar Eapﬁﬁ@t@lt@rrﬂﬁﬁ!ﬂdnum
set speed, theliongict ydi nale \ﬂt') DL 0N H1 Whe ‘fl.'l'& Ql?!ee%tjgﬂ]tcwctthebe
attenuated while the movi ng ect 14 1 s descending. 35 the maxi num set
speed i s changédn Pﬁéuﬁﬁvpﬂg‘l@bﬁ: &ch by4the sgunLe @@ F]@)‘hgﬁftﬂ}ﬁ}r%["le}%'cﬁ

whi | e the; gamg (2 g&ﬁﬁ[ﬂ&ﬂ B‘?ﬁéchfeo??ﬁ:m fiéxhesé‘ane'rh% desgandi Bg. thie the

Vi bratlon contrall urth enbodi ment having a configuration
as shown in Fipltipdien gd §8; thahafyiths EﬂT’FtiB@,c?%‘%‘ﬂtﬂ% (ﬂ"%ﬁfg? r‘% uni t
155 and the phase: $61 ttiﬂégr&tamién taiceehtphanfdns Chorgaiited €8¢ efsule
gain adjusting units 57 and 57" %@(the hase %:fferences (~3) of the phase
adj ust i ng uni & FRLGY kg o%m $ Dhebditum set speed and t he
rotating direction of the output shaft of the electric nmotor 11. Since the
resul tant shaking force can be regarded 10 as an eccentricity-rel ated

shaki ng fggce having an aanFtudg @ngn@pba?e di fferengg) that change
according to the maxi num set §pee6| and ' the“fotating direction of the out put
shaft of the electric notor Il,the eccentricity-rel atedshaki ngforce given
by Expression ( 28 ) is cancelled out by a specified torque 15 given by
Expression (29). ThtIsf: thbegdionGh tamdi hhé phidsreafiiffisreficehl: iDBARFredglan 14

can be attenu iq( B~
fy— )+ a Cos?‘?)d g&?%}Rﬁpq atél'lﬂgk ”Bgﬁ(l?éshazéeslﬁl'ffleg:%“ceé )f;pr%sv§é~dlz
sin(B~ + ,. Wom (13) )ypr. (16) Epgking foRGe, 2Eh&NFR righe

obj ect 14zgenetatﬁ§g %g,é&nqutmdmceaie\a eﬁet | oS nRiildie bodeicitn 4 ags@at
nor during descent t he novi obj ect 14 does not nerate any

| ongi t udi nal V% a‘f%‘b’?%t%v‘é‘?tr'ﬁc?ﬁ]e\’ ngeﬁﬁ l%syt ow for the silent
ni ght operation of the el evator system5b. I\/breover aIthough t he angul ar
position cal cul ating 30 devi cLeﬁ_mof the foregoing embodi ments are supposed
to be anal og devices, the ang mMPOSp L iyoR calyul ating, degiigyes may be

ei t her anal og deV|ces or digit@G, deV|ces As apparent fromthe foregoing
description, the

30 k,=-mr, ¢=v  ..... (16)

When themovingobject 14 is todescend, adesired angular
velocity pattern obtained by multiplying the desired angular
35 velocity pattern shown in Fig. 4 by -1 may be generated by



37 vibration controller of the present invention is capable of effectively
reduci ng the vibrations of the driven object due to the dynam c unbal ance
‘and/or ,eccentricity of the rotating nmenber w thout inproving the mechani cal
accuracy of the 5 component of the systemSnd w t hout enhancing the
rigidity of the controlled system and, consequently, the system can be

constructed at. low costs . Since the driven pbject is not osed .

det ri ment al VIL'IB‘? ac{é%ecgﬁaxg[%rsygﬁgﬁ]lﬂzg BﬁBE%JéRa%?%?rQ%oerre i agﬁ iL']?%/S of

t he system castheei apsoyethe 10eThtipneseapreserhedoby nBypbessbdnsi €13 )

ot herw se than_as, specifically descrihed herein, w u t] f t he
scope and spi ??a (t]hez)r 8513."‘311%8 %ﬁﬁ\?%%fe%tsfab?%é%ﬁl c%%’%g%ll’ﬁslg?&edgw
conpri sing: aERpresajohof4) genaratisidedeand fhemcerihe mpvangy obdectbléct; a
rotating nber driven_faor tation by the driving force of the driving
force gengsatﬁﬁacﬁgéﬁs;smgoair:l?%'ng force specifying neans for specifying a
thrust or a torque to be generated by the driving force generating neans;
an rotating notion neasuring ne for asuring ating notions of the
rotating nenber; a rotation cal g@@atﬁﬂégﬁeans} 'i'héFﬁ@i ng: an angul ar
position transformng unit that provides an angular position of the
rotating member baseqrullh s Pitbuntelith 1R 20 LHY SHRIEHOM EESUENRG1BEANS,
a trigononetric function processing unit that calculates a sine or a cosine
of an angl® ekpeesbeaviey 37 lismdmrdashcte orove Yerthegldarbposdi veghical
outputt ed f r of ¢ aBeAhY gROSh bPTEASIEEA1A0 POTF] OThiBNd18pdaLemaAySti Ng

unit that nultiplies an oufput of the trigononetric function processing
unit by a pre8éMifgrdddtgaithe seatzifygsili £ogchri AERGCLEr EBecOPLERLLRY
means for cor peChihldedRvatorUlsvaielnh® .driving force specifying nmeans based
on result of calculation nade Dby the rotation calculating nmeans. 2 . The

vi bration controller according to claim1l, wherein the rotation calculating
means furtder includes a phasezadiushiong wp)t that. @7vi des an adj usting
phase as an intercept of a linear function of the output of the angular
position transformng unit, the angle expressed by the linear function of
the angul ar position ishaklihg feddey daeditiog thiee didplsicemgnihdse givenhdy

angul ar position, and th i gQRo. r fu j i it s
configured to EEEN"ae gléﬁheqlf)}%g%%’s??{ ﬁ'ggofg%%%%f%e%ulgg%arﬁﬂ%%? 3? Hé‘gi(ﬁtng
t he adj usti ng lghd=e vtibrate argtiaaldgysi ti on. 39 3 . The vibration
controll _eﬁoaccordi ng to claiml , wherein the rotation cal cul ati ng neans

further includes an angular velocity transformng unit that provides an
angul ar velocity of the rotating nenber based on an output of the rotating

noti on neasuring neans, and appul; ' mul ti pleyg uni t that
nul tiplies an output of theF“ﬁgul gg ‘br;g{ef‘;jrc "f]lj}%g:s'?i on capéﬁ?)g'?i ng unit or the
gain adjusting unit by a square of an angul ar velocity provided by the
angul ar velocity transformng unit. 4 . The vibration controller according
to claiml1, wherein the rotation cal cul ralti ng ns further includes &p

1 on adds

angul ar accel er at i o & BhRFBFHPRGORTFLLLRZT BF SeRECSHP R AGYFREL
accel erati on afhd batpataif npemhriancaheubasifgoiears opt pud the duteput

rotating pptio asuring means, and an .angul.ar acceleration multiplyving
uni t that Ergul t9 Ir%%b% Sﬁ?%’(ﬁ%ﬁﬁ WrYR ?q’]icd'g]h%%q i%mftuneg?{ i oh %%ﬂ%:% a 4‘29
unit or the gaine sthakimignfonoetgibyermbyobRspuession hel Bnghlaar vaibretesathen

transfornlnglﬂg&ing object 14. The output (w) of the angular velocity

transforming unit 47 is given to the angular position
transforming unit 45's, the adder 53' adds up an angular
30 position (0) provided by the angular position transforming
unit 45's and a predetermined phase angle (¢;) provided by
the phase adjusting unit 49', and the sine calculating unit
55' calculates the sine (sin(0 + 1)) of the output (0 + Y;)
of the adder 53’'. The gain adjusting unit 57' multiplies the

35 output of the sine calculating unit 55’ by a predetermined



5 . The vibration controller according to claim1, wherein the specified
driving force correcting neans includes an adder that adds up respective

‘outputs of the driving force specifying means and the gain adjusting unit.

6 . The vibration controller according tozglaim3 , wherein the specified
driving force correcting neans includes an adder that adds up respective
out puts of the dri inP force specifying neans and the angul ar accel eration
mul tiplyi ng ufidi™® gG% FRERA R R o ¢Hltherreloziviati nglcoletanmmeans
wherein the smecified driving force correcting neans includes an adder that
adds up respective %%gﬁts gf t he angul ar accel eration nmultiplying unit and
t he angul ar vel oci t% 5 RV HF Ut loBusingEXPRR 931 @n (doni & @rarided

according to dyathe Fotavienccal EWeas0e§ inklagd @ | %B&H@Eﬁ?uiﬁ&rpgﬁiiﬂ%dmans
i ncl udes ag add 40 that adds up respective outputs of the driving
force speci fyiaﬁﬁ T SGHAL, R ACG e odcithe miatamishafs &+ and the gain
adjusting unit. 9 . The vibration controller according to claim4 , wherein
the specified driving force correcti ans includes an adder that adds up
respective outputs of the d @Wfﬁgngggyl pecifying-neaﬁ@? t he angul ar
acceleration nultiplying unit, the angular velocity nmultiplying unit and
the gain adjusting %%j%. 10 .. The vibration controller according to claim?2
, wherein the rotat iron"R8aI98HSLE A IERS Phasiecdi &f esenne anctm Erinsiassion
conpensatl®g JduereAdydar teoapsiidki, Ehda 88881 dderfie Fb?%;{p‘}[e%tée'&g
member by usi pg hgéigggggw|gg4?x8£§§§ on:., FAD :E55|n~6+%~|~ where 8 Is the
angul ar position, IS a galn use t F& G SPARAARLEPTRE dMFing Aanthe i s
an adj usting pR¥3a@duskdeby thdpbaseeddpdstung e movand dbgespers fdorg
driving forcenger KEHIG %%%Q§I%ﬁﬁh£%5% %gc%g&gy%"%%) e driving force

the

speci fying means on the basis o eccentricit sation FAD 11. The
vi bration controller according to claim3 , wherein the rotation
cal cul ati ng neans i ncl udes a‘BQase adjusting unit that provides an

adj usti ngtphase as an i nk,e#oegt’—rgt a, Eiyneay fupction, of apqput put of the
angul ar position transform ng¥wnit; the rotation cal cul ati ng means

cal cul ates a dynam ¢ unbal ance conpensating value FU$ for conpensating
dynam ¢ unbal ance of the rotaiing menber by using the follow ng expression:
FUB = G-cv' sin~6 + y~, where B=T§%théfaﬂgular-posLt?@h, w is the angul ar
velocity, & is a gain used by the gain adjusting unit , and ~2 is a

adj usti ng phase usegd, b he phase adjusting unit; and the specified driving
force correcting negﬁgxgéﬁ.%&%pgogjgct14lstodescend,adesfredangular

20 velocity pattern obtained by multiplying the desired angular
velocity pattern shown in Fig. 4 by -1 may be generated by
thedesiredangularvelocitypatterngenerator65. The moving
object 14 descends smoothly.

Although the vibration controller 1 in the first

25 embodiment has been described as applied to controlling the
compound vertical vibrations of the moving object 14 due to
the dynamic unbalance and eccentricity of the sheave 37, the
gains G; and G; and the phase differences Y2 and Y; can be
adjusted by the following adjusting procedure.

30 (1) All the gains G, and G: and the phase differences
Y2 and ¢, are set to zero. In this state, the acceleration
display displays vertical vibrations of the moving object
14 as shown in, for example, Fig. 7 greater'than that shown
in Fig. 6.

35 (2) The gain G; is increased gradually, and the moving

object 14 is raised and lowered repeatedly until a change



41 an output of the driving force specifying means on the basis of the
~dynam ¢ unbal ance conpensating value FAD. 12 . The vibration controller
according to claim4 , wherein the rotation cal cul ating means includes a
phase adjusting unit that provides an adjafsting phase as an intercept of a
l'inear function of an output of the angular position transformng unit; the

rotation cal cul ating. ne s cal e a centr conpensatln
val ue F~F forCEShhensit 8 ﬁﬂpgﬁggﬁ?rlglﬁ t é& g£$§%g£8§ )
rotating nenber by (@3)ndgridgalinld;avs lﬁgxeﬂprpmstha oacurgence of a change

=~'73(CD2S111:-19; 8c?%§£1§F$% %~%H%3%%b¥gﬁign era?&gelgcggbar7p05|tlon cu

Is the angula} % e ‘angular "acce $ the gain used
by the gain adjusti(4)uniThe amdvi8gi okjec) b4t ity phdsedusad byoveredhase

dj ust t d f

21 out put %r FHREAFPOTHG oI Le EBci TUPRY sRaie anherbads ohoFRased” S
eccentricity yaearaasedgonprdsthe nohase udklfEdrdice {hdsvithxedi opovobheol | er
according Lo GLalThle JHEAE! aﬂ\rPthetJdét@fkff%'}tﬁ%laﬁ%ﬂf%mB§ ﬂﬁ%g@@ﬁga

gai n changi ng nmeans ror se the gain adjusting unit
changi ng a pIqbabctyléftpredmuaﬂmumed val ues according to an operatlng

condition of the dri Kggn Qﬂgc}nov&% a(%@ﬁ?& brat i ggmgggl |£{d agggégbag to

claim2 , wherein angdlar position c ating means includes a phase
chang|ngJﬁbansepeﬁtgéﬂwlngéephhgegéint%eJﬁhé@@r&@59§tKﬁ@cﬁﬁﬁﬁeﬁyrcﬁﬁﬁglng

a plurality okpnpr @Q%eagpigedfie@édl%&m@f@ld&ﬂ&s@ o¥Pehat 'aﬂ@l@@ﬁh@let bgn of
the driven object he vibration controller according to claim

wher ei n t he r ¥eatiledlc yibmoddong ﬁ@aﬁ?elW@W&&@%0936ﬁ§sé4séptPn&lHéWP@é t hat
sets a phase e} ;lhgpRBAsEoAThAISL: Nhd!YalinABE Urfd Rfel Phase difference Y,

coincide with the gain ks and the phase difference d¢a,

15 respectively. Thus, the vertical vibrations of the moving
object 14 due to eccentricity are cancelled out, and the
vibration waveform shown in Fig. 6 is displayed by the
acceleration display 101.

(6) The moving object 14 is raised and lowered

20 repeatedly until a change occurs in the amplitude of the
vertical vibrations shown in Fig. 6, while the gain G; is
increased gradually.

(7) The gain G, is £fixed upon the occurrence of a change
in the amplitude of the vibrations shown in Fig. 6.

25 (8) The moving object 14 is raised and lowered
repeatedly while the phase difference 1, is increased
(decreased), and the phase difference vy, is fixed upon the
decrease of the amplitude of vertical vibrations of the moving
object 14 to a minimum.

30 (9) The moving object 14 is raised and lowered
repeatedly while the gain G, is increased (decreased), and
the gain G, is fixed upon the decrease of the amplitude of
vertical vibrations of the moving object 14 to a minimum.
This operation makes the gain G, and the phase difference v,

35 coincide with the gain k, and the phase difference ¢,
respectively. Thus, the vertical vibrations of the moving

object 14 due to dynamic unbalance are cancelled out, and



42 a rotating direction of the rotating nmenber. 16 . The vibration
controller according to claim3 , wherein the angular position transformng
‘upit ipcludes an integrator for integrating an output of the angul ar

vel ocity transforming unit. 17. The vibra%on controller according to claim
1 further conprising a vibration neasuring nmeans for nmeasuring vibrations

Wiih respect kaea dbLeethefohnahbedshiendin ey, A hdrbilil Yoy, 3815 The

vi bration control accor |ngtoc alm e vibration
measuri ng rreadsSlpﬁ@bf@desbmntlmceceﬁéer@hlﬂ@aﬁaﬁpﬂtgwré&rls forengbsar ithg an

accel erati on efontfﬁgm%ftll%%nogbu?&telﬁanatm% YEDERAL -Gt th%t%ﬁgr di ng

to claim1, wheréin the rotating notion neasuring nmeans | ncl udes a
resolver. 20 . The Fhbsatitsnvibnetspneonisedddirngindhe &lnslt emhRdiarntt he

rotating rpti QR jRASHE thQE@Q§theﬁhugfﬁrétﬂgﬂgréfQﬁua%ﬁﬂﬂIﬂPdﬂj@%%tﬂQn

control ler according to claim1, wherein the rotating notion neasuring
means i ncl ude§ugntenthelddynamic uphalanseaandneeonn EBLFEEY LF dME S§ea¥ecl ai m

1, wherein thgrqiatiBgtaBiletol 8n8 mOERAniE&] Udad:durauy Jedid gneaker. 23
The vibration controller according to claim1, wherein the rotatin

member is a mBi/n $hERVWEN niPERE | AORATRLevat FheBpRana. 24he TREGHERS: i on

controller aC rr@f'di%atr&ecbﬁlﬂﬂeleﬁe%%b@é&éf@nr%h@hl a¢g tRBehdeSofride
conpensator eave included in an el evat or ¥ ste 43 25. The i bration

control | el%a (9(5‘1361116'13' ryadpgtad inyt&m@s afh |a\?€r?l(?l?a§81°n1 &ty &3t or
C?r ISC! Uded 139!5 ,aéh@éﬁ}éalmén&ﬁtd%ﬁué’:ﬁlty\caﬁtdm_ [ ﬂir@dd)w@tnbht]@pénlarmgi ons
of a driven object inc st em conprisin riving for

generating me UF%Fl@ﬁ%\h%ﬁ{gOFﬁg o%lir‘?/%t%]ggﬁ%?m %T%?Pﬁﬁlﬁ%ﬁﬁézﬁlr@rGYVen
for rotation lmmﬂel vnegaﬁeazramxoéykhemdrde\s ngt frm*e@hsgeoﬂahlrieﬁ.gpﬂmme,ntand a
drivingforce cif for I.n 0. r e
generated by t Q\;?rh%'?% 65319 Crhggl%eq}éc ?/H%Eﬁ?%%t Fhé e;llr%%oattt%rb
provi ded by tkseysctrelnvld"agl mmmdmm@m dopstissi ng a predeterm ned
compensating val ue, h?) Q)I%&Jasc'l%% Sod S 149 qotd 'trﬁ”tHEasf‘%Jziélg

step including a step asurlng an angul ar ‘positron of e rotating
menber; a cal cntedimerst &p proyiidédmyith the fwofrotattion aglguppsdnetmesms

sine or cosingPledn mhu Somp 164 Jémtdaqnvgi)rhtﬂﬁoﬁggéﬁfaEhé’%vter_ﬁ and

a gain, and a step of ca at1ng a conpensating val ue based on the
product; and ®bdadd ﬂrﬁrﬁwtﬁ@ﬂlﬁlw bdilegcs aneeceendaticifivhi ke pumber

20 of rotation calculating means is not limited to two, and the
vibration controller may be provided with any necessary number
of rotation calculating means corresponding to the number
of dynamically unbalanced or eccentric rotating members.

The dynamically unbalanced and eccentric rotating

25 member isnot limited to the sheave, the dynamically unbalanced
and eccentric rotating member may be any member, such as the
rotor of the electric motor.

Although therotatingmotionmeasuringmeans is provided
with the resolver, the construction of the rotating motion

30 measuring means is not limited thereto and various changes
may bemade intherotatingmotionmeasuringmeans. Forexample,
a generator capable of generating a voltage proportional to
the angular velocity of the input shaft may be used.

Moreover, although the rotation of the output shaft of

35 the electric motor 11 is transmitted by the rotation

transmitting device 19 and the input shaft 17 to the rotor

of the resolver, such a method of using the rotation



gain that reduces anplitude of a predeterm ned vibrational conponent
generated in the driven object to a mninmum 27. The vibration control

‘net hod, according to claim 26, wherein the calculating step uses an angle
obtained by addi ng an adjusting phase val2® to the angul ar position as the
angl e that can be expressed by the linear function of angular position, and

he d f h I
bhase val e SO ERETIid R iPY Hifict R hENR: BUeY s AR B et irapadce "9

conmponent genengt eesitiritche otiisi \oan thig] €otrmi ©fr etlec ed tht ianntramsmit28ngThe

vi bration contyol. rdin |m26 inth rmtlon
measuring st egeﬁ’dﬁehg:} %I L%ggsuﬁgs?gpﬁgg AT ngfgnﬁangg'loérr e\‘?/te ggl ty o
the rotating wenestisgdotienaeandus igaheahaCilignay bp amd:ptuiaabsnt:hder

compensat| §9. 14 MR NRHASEL: 80 1S PTG 8E ARG Pragiete0f e ahee Of

cosine and the“gain € angul a oci t menber
The vi br ati on igoatremnd mpetriod £ adees mbitog: BbaEtalIm 264 ahstgial m@qetstsangng

ot on measurifg Step LURkigeql RELHIZE 8ol R e dEASU IS A AN g

accel eration € rotati ng érein the calculating step
cal cul ates the:rreorqﬁe:m:m@ gl ueashahevronint sl dducd mottartetn}gr mgmnof

the sine or cqaliguan gz%ﬂ%agi" 739 bBesAtU 2T AGAH &' 19 iita ng

rotating nenber
A 3. A %13\0 AGEhr@ otaldenLoAhe A3 FIFNAS LAS3 Abraugh3asalleral2h, igea .,

9. AF. AZY A .. Ay %ﬁaﬁ%{? Ac"réréﬁ?nﬁ?t{pn%c eahe) ko AotlrerfloderA 123°3 A
AL AU 9- 5NShw(; Ywe : <

d13’\K| wgl gb] )(]%'H}VHH]Jétho‘eﬂ -ca‘3] c”™a] ca] ca] ca] ca] ca] ca] cTa] ca] ca] ca] ca]ca]ca] ca
] ca] ca] c”a] ca] ca] calalHAldn] &nlecaksbaheabeDBIEET8exr 1, the speed

e e R S L el

3y3| 367zupke’ [tH&d aalecayt cal¥ aksahdaltdabkCor e arrangement and places

al cal cal ca o] calgal qahaalaahoakeabeghed! 92l ealoabsah ol el sl sp U g 7<8

+<R<?=T=q=9>Wttrz >az v rig>aevceqkfza\ WinkevidtichdcatoateaVlea Wdycadd ca

W] cal] ca] Cav]ecn 1r4f§?‘l§rca;‘Jarat]l%ra]i%ac‘:\.{]u%aé]dcaLC%Lcalspegllca‘&(f@\@ff«];gaclfaghe
driving device or the vibration controller and the speed

20 controller may be included in the driving device.

Second Embodiment

A vibration controller 1’ in a second embodiment
according to the present invention will be described with
25 reference to Figs. 10 and 11. The vibration controller 1 in
the first embodiment is providedwith the twoparallel rotation
calculatingmeans C2 and C2' on an assumption that the rotating
member is the dynamically unbalanced, eccentric sheave 37.
The vibration controller 1' in the second embodiment will
30 be described as applied to controlling the vibrations of a
system including dynamically unbalanced sheaves 37 and 87
respectively having negligible eccentricities.
The vibration controller 1' is provided with rotating
motionlneasuringineans Cl and C1' respectively for measuring
35 the rotation of the sheaves 37 and 84, and rotation calculating
means C2 and C2" of the same configuration.

In Figs. 10 and 11, parts like or corresponding to those



a] caV] ca] ca????@a@® @ AWAAAAAAAAAAAAB} B~BBBBBBB* CHC} wpj e_ZUzupke [ V] ca] caV] ¢
al caV]ca V] ctaV] cal] ca] ca] ca] caV]ca]caV] ca]caV]calc
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ajcaV] ca denoted by the same reference characters and the description

e coca AT O GO R A AR fﬂ] ek

V] cMaV] ca] CaSSDntroller 1’ dlfferlng in constructlon or funct:Lon from those
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ca] ca] ca] Q@] ca]ﬂ%ae\éjl aV] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca]ca]ca]c

a]J ca] caV]ca] ca cg\ﬂlcca vvsz
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9f g~y] “zupkfa\W]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caV]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caVlca]calM 711" " #####E+$08&e&8X" "' () )

; } C a ] c;]rca] é; ]ni: gzum@r@]h\»ihkkcaé caliclecal aaiﬁﬁelxm} callea}g@a&aahgaiﬁg]amim] cajc
calcalca ca ajcalcalca T e

10% & () - SL#1@}E§J§ %’ ’%e] ;leﬁ%qu,e] ;‘gpkgé‘/«} £%)a #%%af%?@ torque

10% / & ()ZBhW(dXﬁulatlng unit 67 and the rotation calculating means C2
100100811 s I SRS Lo 19, aai (AR L 40180
10% & () T0" 10 R de 43 A BReC)fipaiftildall (1bBatign @attenuatBng torque
for attenuating the vertical vibrations of the moving object
14.
30
Third Embodiment

Avibrationcontrollerl” inathirdembodiment according

to the present invention will be described with reference
to Figs. 12 and 13. The vibration controllers 1 and 1' in
35 the first and the second embodiment are applied to the elevator

system in which the rotary electric motor is the driving force
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43', i.e., a driving force generating means, that exerts a

thrust equal to a specified thrust on the positioning table

15 127, rollers 133a and 133b supporting the positioning table

127 at positions near the opposite ends of the linear induction

motor 129, a guide frame 137 having a U-shaped cross section,

bearings 139 attached to the side walls of the guide frame

137 to support the rollers 133a and 133b for rotation, an

20 optical linear sensor 141 for measuring the position of the

positioning table 127, a speed controller 39’ including a

desired speed pattern generating device 145 and a specified

thrust calculating unit 147, and rotary encoders 123a and

123b, i.e., rotating motion measuring means Cl", having

25 measuring shafts connected to the shafts of the rollers 133a

and 133b by couplers, not shown, respectively. The specified

thrust calculating unit 147 receives information about the

position of the positioning table 127 measured by the optical

linear sensor 141 through a pseudo-differentiator 143,

30 receives the output of the desired speed pattern generating

device 145, and provides a specified thrust to make the

positioning table 127 move following a predetermined speed
pattern.

' The vibration controller 1" in the third embodiment is

35 provided with a coupler, not shown, i.e., a rotation

transmitting means 19, rotating motion measuring means Cl"a

and C1"b respectively including signal processing units 23"a
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109 () - - t AwARAABZBY B9BY 5 driven, and an adder 68", i.e., an eccentric
vibration adjusting adder, that adds up the respective outputs
of the rotation calculating means C2'a and C2'b and the speed
10 controller 39'. Angular position transforming units 45’ of
the rotation calculating means C2'a and C2'b transform the
outputs of the rotating motion measuring means Cl"a and C1"b
into angular positions of the rollers 133a and 133D,
respectively.
15 If the roller 133a (133b) is eccentric, the gap length
between the linear stator 126 and the positioning table 127
varies according to the rotation of the roller 133a (133b),
and the thrust of the linear induction motor 129 varies in
synchronism with the rotation of the roller 133a (133Db).
20 Conseqguently, the speed of the positioning table 127 follows
the speed pattern, while the positioning table 127 vibrates
in the driving direction. The vibration controller 1" in the
third embodiment compensates the variation of the thrust of
the linear induction motor 129 due to the eccentricity of
25 the roller 133a (133b) so that the positioning table 127 may
not vibrate in the driving direction.

Therefore, accuracy in machining the rollers 133a and
133b and accuracy in installing the rollers 133a and 133b
do not need to be very high, which reduces the cost of the

30 uniaxial positioning table system 125. Position information
provided by the optical linear sensor 141 is transformed by
two pseudo-differentiators 143 and 151 connected in series
into an acceleration of the positioning table 127 to determine
values to be provided by gain adjusting units 57’ and phase

35 adjustingunits 49' included in the rotation calculatingmeans
C2'a and C2'b by the foregoing adjusting procedure, and

parameters can be easily adjusted.



10197 109%&' ()-4

109 ()-0Y1109%&' ()-s!s-310% ()-0 & 10%& ()-F"109%& () - &{ B| B} B~BBB* CHCaB: 1!
~1‘0F10%& ()- 'V 1109 ()-!1910%& ()-T310% ()- @ 10%&k ()-" 10
10HCCDf Di DDDz[ <B: 1! 33
10#F10%&' ()-0f 109%& ()-n'10%& ()-L!"10%s& ()-L!"10% L& ()-L!"10% () - LDDDEB
EEF @:. 1! 101 109%&' ()-4! )"10%&' ()-t )"10% L& ()-t& 109% ()-&10%& ()-
10% ()- FXGY&Z G G GGHr S4 1! &109B& ()-Z 109B& ()-S 109B& ()-!1098BB&' () -
10>> 10>> 10>PburthO¥mb&dijnent>HHHI | #?2r S4 1! 0S
109B&' ()-!9"10% B} B& 12 1.L109BB& -Ts1009 & s10YB& - 3s109B& -133J
WKcLfLgl}[<14 10B: o*%a?r 4900 J(‘3r %%?Bs r(‘§1)’ s?%‘%B@%&e%‘%- Fy)
109B& () -!i L HccdERBE th- gthph:E‘sphh:l\/h.Mv‘éﬂtléﬁBwiﬂ.ELb' lae@cflib8d with

5 reference to Figs. 1, 3 and 14. The gain adjusting units and

the phase adjusting units of the vibration controllers in

the first to the third embodiment set fixed values,

respectively. However, thegainadjustingunits andthe phase

adjusting units may set proper predetermined values according
10 to the operating condition of the driven object.

An elevator system 5 provided with the wvibration
controller 1"' in the fourth embodiment is similar to the
elevator system 5 provided with the vibration controller 1
in the first embodiment, except that a moving object 14, i.e.,

15 a driven object, included in the former elevator system 5
travels a long, vertical stroke, and the maximum acceleration
and the maximum speed of the moving object 14 are high. The
elevator system 5 is provided with rubber vibration isolators
105 having a high elasticity not to transmit vibrations

20 generated by rotary electric motor 11 to the floor in moving
the moving object 14 at the maximum speed.

A speed controller 39 provides a set-speed signal V on
the basis of a maximum set speed for the moving object 14
of the elevator system 5, and a direction signal D specifying

25 arotating direction in which the output shaft of the electric
motor 11 is to be rotated. The vibration controller 1"’ is
provided with a rotating motion measuring means Cl, rotation
calculating means C2 and C2"', a gain changing unit 153 that
provides a predetermined value on the basis of the set-speed

30 signal V, a phase changing unit 155, a phase setting unit
157 that provides a predetermined value on the basis of the
set-speed signal V and the direction signal D, and an adder
159 that adds up the respective outputs of the phase changing
unit 155 and the phase setting unit 157.

35 In the rotation calculating means C2, values to be
provided by the gain adjustingunit 57 and the phase adjusting

unit 49 are adjusted to predetermined values on the basis
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acceleration transformingunit 161 that transforms the output

5 of the angular velocity transforming unit 47 into a
corresponding angular acceleration (a) of the rotor shaft

13, an angular position transforming unit 45's (integrator)
that provides an angular position (0) of the rotor shaft 13,

a phase adjusting unit 49" for setting a phase angle

10 corresponding to the output (0) provided by the angular
position transforming unit 45's on the basis of the output

of the adder 159, an adder 53" that adds up the output (V3)

of the phaseadjustingunit 49" and the output (0) of the angular
position transforming unit 45's to provide an output (0 + V3),

15 acosinecalculatingunit55” that calculates the cosine (cos(0
+ y3) of the output (6 + Y3), a gain adjusting unit 57" that
sets an amplitude (G3) for the output of the cosine calculating

unit 55" on the basis of the output of the gain changing unit

153, and a multiplier 61" (angular acceleration multiplying

20 unit) that multiplies the output (Gizcos(0 + ¢3)) of the gain
adjustingunit 57" by the output (o) of the angular acceleration
calculatingunit 161. The phase adjustingunit 49", the adder

53" and the cosine calculating unit 55" constitute a
trigonometric function calculatingdevice C3”. Anadder 68",

25 i.e., amultiple vibration adjusting adder, adds up the output
of a multiplier 61 (an angular velocity multiplying unit),
namely, the output of the rotation calculating means C2, the
output of themultiplier6l”, namely, the output of therotation

calculating means C2"', and the output of a specified torque
30 calculating unit 67.

. The sum of the outputs of the rotation calculating means

C2 and C2"' given to the adder 68" is glven by Expression

(3).

35 Fp =Ga(a)2 sin(6 + v, ) + acos(0+w3)) ..... (3)
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5 If a sheave 37, included in this elevator system 5, in
which the moving object 14 travels a long, vertical stroke,
the maximum acceleration and the maximum set speed of the
moving object 14 are high, and the rubber vibration isolators
105 have a low elasticity coefficient, is eccentric, the

10 eccentricity-related shaking force due to the eccentricity
of the sheave 37 increases excessively when the moving object
14 is moved at the maximum speed and when the moving object
14 moving at the maximum speed is accelerated or decelerated,
and the moving object 14 generates longitudinal vibrations.
15 If the rubber vibration isolators 105 have a low elasticity
coefficient, a motor unit 104 is vibrated vertically by the
excessively high shaking force due to the eccentricity of
the sheave 37 on the rubber vibration isolators 105. This
vertical vibrations of the motor unit 104 act, in addition
20 to the shaking force due to the eccentricity of the sheave
37, on the moving object 14. The amplitude of the resultant
shaking force of the vertical vibrations of the motor unit
104 and the shaking force due to the eccentricity of the sheave
37 and the phase difference between the resultant shaking
25 force and the angular position of the rotor shaft 13 change
at the maximum speed and the set acceleration. The phase
difference is dependent also on the rotating direction of
the output shaft of the electric motor 11. Therefore, even
if the gain adjusting units 57 and 57" and the phase adjusting
30 units 49 and 49" are adjusted so that the vertical vibrations
of the moving object 14 can be attenuated when the moving
object 14 is ascending at a particular maximum set speed,
the longitudinal vibrations of the moving object 14 cannot
be attenuated while the moving object 14 is descending. If
35 the maximum set speed is changed, the moving object 14 is

vibrated longitudinally both while the same is ascending and
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units 57 and 57" and the phase differences (Vy3;) of the phase
adjusting units 49 and 49" according to the maximum set speed
and the rotating direction of the output shaft of the electric
motor 11. Since the resultant shaking force can be regarded
10 as an eccentricity-related shaking force having an amplitude
and a phase difference that change according to the maximum
set speed and the rotating direction of the output shaft of
the electricmotor 11, the eccentricity-related shaking force
given by Expression (28) is cancelled out by a specified torque
15 given by Expression (29). Thus, the longitudinal vibrations
of the moving object 14 can be attenuated in every operating
mode.

F,(s) = L[mdrd (— w,” sin(6, +y, )+ acos(8, +v, ))]R(s) ..... (28)

20

T =T, + E’—(— w,’sin(8, + ¢, )+ acos(6, +¢, )) ..... (29)

m

Thus, the moving object 14 generates any longitudinal
25 vibrations neither during ascent nor during descent, and the
movingobject 14 does not generate any longitudinal vibrations
even if the maximum set speed is low for the silent night
operation of the elevator system 5.
Moreover, although the angular position calculating
30 devices of the foregoing embodiments are supposed to be analog
devices, the angular position calculating devices may be
either analog devices or digital devices.

As apparent from the foregoing description, the



L1/™109& ()-!/"109%@@& ()- - 10%@& ()-!xS)"10%& ()- " y& 10%& ()- A$

10%@& () - <uuvTvvvvvvxnbC !1310%& ()- 10@ 10@ 10@3:

10%a&' () - &910%@a& () - 710%@& ()-ss3 10%@& ()-vwx}yz| 0} zX6nmbC

FIY"109&R ()-/!|"109& ()-/!"109T& ()-/!~"3D%&' ()-/!t"10%&' ()-/10%& ()- @}]

~rPC 11}"10%"10%& ()-4 10%& ()- 10-- 10--

10--10"10% 0

11" 1098 () - 4%’%6/%3 3’ ‘2{5‘?&%%&(’) 4" %(?b/é’ﬁﬁsff‘t4+?“i‘65/é??)1shlqafc?°7éze £Xarpc

11"10% p" 10‘V&e@)febﬁllz@9@8r®u01@9 Ihel 9ibradvene)clithel @Ry ¢n -ob \gaiUsRe

e d0se () ! YOLORE dihiandc LA Ghoo! dnd O ebbertct LI 63 crle Tkl 8V7
member without improving the mechanical accuracy of the

5 component of the system and without enhancing the rigidity
of the controlled system and, consequently, the system can
be constructed at low costs. Since the driven object is not
exposed to detrimental vibrations and the system is
unbreakable, the reliability of the system can be improved.

10 The present invention may be modified otherwise than
as specifically described herein without departing from the
scope and spirit thereof.
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a rotating member driven for rotation by the driving
force of the driving force generating means;

a driving force specifyingmeans for specifying a thrust
or a torque to be generated by the driving force generating
means;

an rotating motion measuring means for measuring
rotating motions of the rotating member;

a rotation calculating means including: an angular
position transforming unit that provides an angular position
of the rotating member based on an output of the rotating
motion measuring means; a trigonometric function processing
unit that calculates a sine or a cosine of an angle expressed
by a linear function of the angular position outputted from
the angular position detecting portion; and a gain adjusting
unit that multiplies an output of the trigonometric function
processing unit by a predetermined gain; and

a specified driving force correcting means for
correcting an output of the driving force specifying means
based onresult of calculationmade by the rotation calculating

means.

2. The vibration controller according to claim 1, wherein
the rotation calculating means further includes a phase
adjustingunit that provides an adjusting phase as anintercept
of a linear function of the output of the angular position
transfbrmingunit,theangleexpressedbytmeJjnearfunction
of the angular position is obtained by adding the adjusting
phase to the angular position, and the trigonometric function
calculating unit is configured to calculate a sine or cosine
of the angle obtained by adding the adjusting phase to the

angular position.

10- -
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motion measuring means, and an angular velocity multiplying
unit that multiplies an output of the trigonometric function
calculating unit or the gain adjusting unit by a square of
an angular velocity provided by the angular velocity

transforming unit.

4. The vibration controller according to claim 1, wherein
the rotation calculating means further includes an angular
acceleration transforming unit that provides an angular
acceleration of the rotating member on the basis of an output
of the rotating motion measuring means, and an angular
acceleration multiplying unit that multiplies an output of
the trigonometric function calculating unit or the gain

adjusting unit by an output of the angular acceleration

transforming unit.

5. The vibration controller according to claim 1, wherein
the specified driving force correctingmeans includes an adder
that adds up respective outputs of the driving force specifying

‘means and the gain adjusting unit.

6. The vibration controller according to claim 3, wherein
the specified driving force correctingmeans includes an adder
that adds up respective outputs of the driving force specifying
means and the angular acceleration multiplying unit.

7. The vibration controller according to claim 4, wherein
the specified driving force correctingmeans includes an adder
that adds up respective outputs of the angular acceleration

multiplying unit and the angular velocity multiplying unit.

8. The vibration controller according to claim 3, wherein

the specified driving force correctingmeans includes an adder
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10. The vibration controller according to claim 2, wherein
the rotation calculating means calculates an eccentricity
compensating value F¢p for compensating an eccentricity of
the rotating member by using the following expression:
Fy, = G, sin(6 +y,)

where 0 is the angular position, G; is a gain used by the gain
adjusting unit, and ¥; is an adjusting phase used by the phase
adjusting unit, and

the specified driving force correcting means corrects
an output of the driving force specifying means on the basis

of the eccentricity compensation Fcp.

11. The vibration controller according to claim 3, wherein
the rotation calculating means includes a phase adjusting
unit that provides an adjusting phase as an intercept of a
linear function of an output of the angular position
transforming unit;

the rotation calculating means calculates a dynamic
unbalance compensating value Fyg for compensating dynamic
unbalance of the rotating member by using the following

expression:
Fyy =G,0%sin(6 +v,)

where 0 is the angular positidn, w is the angular velocity,
G,isagainusedby thegainadjustingunit, andW¥,;isaadjusting
phase used by the phase adjusting unit; and

the specified driving force correcting means corrects
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12. The vibration controller according to claim 4, wherein
the rotation calculating means includes a phase adjusting
unit that provides an adjusting phase as an intercept of a
linear function of an output of the angular position
transforming unit;
the rotation calculating means calculate an
eccentricityunbalance compensatingvalueF¢ for compensating
an eccentricity-related unbalance of the rotating member by

using the following expression:
F, = G3(a)2 sin(6 +1, )+ acos(6 +1/13))

where 0 is the angular position, w is the angular velocity,
o is the angular acceleration, G; is the gain used by the gain
adjusting unit, and ¥; is an adjusting phase used by the phase
adjusting unit; and

the specified driving force correcting means corrects
an output of the driving force specifying means on the basis

of the eccentricity unbalance compensating value Fcr.

13. The vibration controller according to claim 1, wherein
the rotation calculating means includes a gain changing means
for setting a gain of the gain adjusting unit by changing
a plurality of predetermined values according to an operating

condition of the driven object.

14. The vibration controller according to c¢laim 2, wherein
angular position calculating means includes a phase changing
means for settingaphase of the phaseadjustingunit by changing
a plurality of predetermined values according to an operating
condition of the driven object.

15. The vibration controller according to claim 2, wherein
the rotation calculatingmeans includes a phase settingdevice

that sets a phase of the phase adjusting unit according to



10! "109%& ()-!t"109%& ()-GzX9r S4! &S 109d& ()-m - 10%&' ()-s!s- 10%T& ()-s!i-
1099 T& ()-s!d- 10%T& ()-s- 109%& ()-s$ {\=! 10%& ()-3MLO%& ()-M 10T
"10T 10Ts,,- 1090& ()-! &S 109FT& ()-m s&S 10%T& ()-m dE{\=!"2 10%& ()-L*
10907& ()-@® % 1099& ()-L# 1090& ()-&9$1084} & ()- - 109%F4& ()-bC 10%& ()-
10%g& ()- ~10%g& ()- 10T 10T 10T L9 10%& ()- @3- 10%& ()- ~?bCl &&-

101 6s6@ 100 P) La2E I PRoaR e iebogh e batatatl Tekbel % oogoa() as, -

10%g& () - PgHC 10! 9 10%& ()- & 10%& () - &10%& () - 10%& () -3’ 10%2&' ()-> 10

iScf/;ifj(E)“ﬂi}S'Eh& Tor Ere IR S ephEoddh) s ot HI S Famtobe drpy o

10%2& () - @®- 1DhemsiqylBupeiEit0o9T redsfming wade &n ﬂ-@&SlW@&t@}JrQ@OI
10% & () - / 109 ( ] !
10968& () - 10%{%?‘) Rté@%%gtgghgut&\t OMgejand%l]aQ‘@éﬂ.éél‘@y transforming
unit.
17. The vibration controller according to claim 1 further

comprising a vibration measuring means for measuring
vibrations with respect to a direction in which the driven

object is driven.

18. The vibration controller according to claim 17, wherein
the vibration measuring means includes an acceleration
measuring means for measuring an acceleration of the driven
object.

19. The vibration controller according to claim 1, wherein

the rotating motion measuring means includes a resolver.

20. The vibration controller according to claim 1, wherein

the rotating motion measuring means includes a generator.

21. The vibration controller according to claim 1, wherein

the rotating motion measuring means includes an encoder.

22. The vibration controller according to claim 1, wherein

the rotating member is a rotor included in an electric motor.

23. The vibration controller according to claim 1, wherein
the rotating member is a main sheave included in an elevator
system.

24. The vibration controller according to claim 1, wherein
the rotating member is a compensator sheave included in an

elevator system.
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>{ N$' included in a system comprising a driving force generating
means for driving the driven object, a rotating member driven
for rotation by driving force of the driving force generating
means, and a driving force specifying means for specifying
a thrust or a torque to be generated by the driving force
generating means, by correcting an output provided by the
driving force specifying means by using a predetermined
compensating value, said method comprising:
a rotating motion measuring step including a step of
measuring an angular position of the rotating member;
a calculating step including a step of obtaining a
product of a sine or cosine of an angle as a linear function
of the angular position and a gain, and a step of calculating
a compensating value based on the product; and
a determining step including a step of determining a
gain that reduces amplitude of a predetermined vibrational

component generated in the driven object to a minimum.

27. The vibration control method according to claim 26,

wherein the calculating step uses an angle obtained by adding
an adjusting phase value to the angular position as the angle

that can be expressed by the linear functionof angularposition,
and

the determining step further includes a step of
determining the adjusting phase value so that the amplitude
of the predetermined vibrational component generated in the

driven object is reduced to a minimum.

28. The vibration control method according to claim 26,
wherein the rotating motion measuring step further includes
a step of measuring an angular velocity of the rotating member,

and wherein the calculating step calculates the compensating
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value based on the product of the product of the sine or cosine

and the gain, and the angular velocity of the rotating member.

29. The vibration control method according to claim 26,
wherein the rotating motion measuring step further includes
a step of measuring an angular acceleration of the rotating
member, and wherein the calculating step calculates the
compensating value based on the product of the product of
the sine or cosine and the gain, and the angular acceleration

of the rotating member.



