4 Septenber 2006 1 VIBRATI ON CONTROLLER AND VI BRATI ON CONTROL METHOD 5

FI ELD OF THE | NVENTI ON The present invention relates to a vibration
controller for reducing vibrations of a driven objecﬁfﬁpeﬁéﬁrﬂgw novenent
by a driving force generating nmeans witli respect to directions of novenent
of the driven object, and a vibration control 10 nmethod of controlling
such vi brations. BACKGROUND ART Generally, the output torque of a rotary
machi ne, such as a notor, is transformed into driving force acting in a
15 driving direction by conbining a |inkage, and belts or ropes with

rotating nenber e q&ﬁ? the rotary
machi ne. In suc%@ é’ c%bﬂrgoﬁ@%gmt\g&w& | s eccen rlfgibrel ative to
a support nechanism with its axis of rotation not aligned with the axis of
the 20 support nechani sm or i£5§§§+§ﬂfi. g @ ? y of the rotating

menmber i3 not on the axis of Reihe &vﬁﬁ ! fqng menber and the
rotating nmenber i s*uéygsmrsmt hyxvmmajommnatemeosysnbmtupmm@sr@rﬂ@ﬁ t is
difficult t rive the dr .obj ect f Sxaple, in
an elevatorq§V%¥%§? ary v q@‘%%h%%né%{%mgfaFﬂgggﬁgya or systenldrlven by
a notor are byadseding fmmee weneiredling neaphadéh rerpent Soelarort s

- Jncluded inthe gl ee‘{ﬁf] Ue SR &R 'ée V'ob:{n fe%ce@ VEld | Lal{yrd £ &y e s m

with the rotHtion of edynamc al anced rotating nenber to spoil
ride quabit ynet3®dSiaft eariiar o Ysret |90whmdlebltﬁtlsq}bf-’h i n-phase vibrations of
t he conponents of the systemis different fromthat of a rotating notion,
~the. in-phase vibrations cannot be suppressed through the control of the
torque of the motor. Therefore, BAGEREPHNPyARAown in-phase vibration

suppr essing 35 ”Etd%fdﬁlryov%ﬁet@@tﬁ@@hﬁﬂiqif& 0&C& WAGMPhabhenegt fiding
menber so that the eccentricity and dynam c_unbal aﬁée of the rotating

nmenber may it SHEEAE ces d?rraﬂ%fi%ﬁ“il%sm%v@{ﬂevmq orge acting in a

i5 dr:Lv:Lng direction by combining a linkage, and belts or ropes

" with rotating members to drive a driven object for linear
motions by the rotary machine. In 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 if 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 is 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 motor are
‘caused tomove vertically in phase, and an elevator car included
' in the elevator system is vibrated vertically in synchronism
‘with the rotation of the dynamically unbalanced rotating
member to spoil ride quality.
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 . ih-phase vibrations cannot be
suppressed through the control of the torgue of the motor.
Therefore, a generally known in-phase v.iblra'tion suppressing
35 method improves the mechanical accuracy of the rotating membexn
g0 that the eccentricity and dynamlc unbalance of the rotatlng

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




4 Septenber 2006 2 of inproving the nechanical accuracy needs tine for
processing the rotating nenber and incorporating the rotating nenber into
t he system and hence increases the cost of the system4$%e@bﬁ_¥\?9%i onal

i n-phase vibration suppressing nethod 5 needs to process rotating nmenbers
I ncluded in a systemhighly accurately and to install the same highly
accur at el y, ofisigdsrotingshenmioidral cdBatehantyle o Bgmardf ptéguesdNg to

vi brati ons, T %ng_or%%%ds to processéhe rotating nmenmbers by advanced -

t echni ques. &onsequeﬁtnlgy, e T SN R GHL URLN | T SRR 1RY | RRPeRbI y t o
satisfy theidési thd spstéemnyamddarté dhididaseoftHd@osits bemnhSUMMNRYL OF THE
| NVENTI ON The pre§.ﬁntc(;r{1ventj on has bgen maq%fi n.view of the 15 foregoing
circunstances and 1t T YHEEY b *RAPEBPECT LA thHen SHPRL&SS INgRAERR t o
provi de 5a vhbedsiom prontess Fetatapghianbefs Sweniers i & EREakhonsgefya

driven obje S uhj ect t is vibrated due to the dynamc
unbal ance o%ggg%g%? ?&c%ﬁ? é%finag t}aojt%&%r?gsﬁg'ﬁb F?th ?r‘é%‘ﬂ?ﬂbeggsi egds
functi ons ofotise RPteysabmesdk teaduicd agihhandosd t Djud Hae st Bitathéhs |

improving thy reldabiLity st em n_order .to achieve_the. ‘

obj ect i ves, aavi _réa(%&o%oc ‘fr%‘%?gr%&cﬁ?a?#ﬁn?o"é\e“f"?‘?rs% LV H e He

present invEachaaauesl-udéensequdnilyngtioraestgefetati aysteansnénsasksvi ng a
drivenibj eghey2Bapi§Okat kY o8N P 0N U PV d L ST { Yi.0O
force of the drivi ng force é%% rg:henge\régar}r?sd;) aatl)rl rjﬁ?}i rfg“folf%%a sjpjelc{ﬂfyi ng
‘means for sPecFR§i AS&Slhrust or a torque to be generated by the driving
force generating neans; a .rotating notion neasuring neans for neasuring

rotating notions of the 30 rotati nlg nmenber; a rotation cal cul ati ng neans
including an angul ar posi t iSJAM{ARN QR T JINRENTLION: provi des an angul ar

position of the rohathpresBRRDERRAIGG OB KERUHA8E §HE VikAldMgDti on
measuripg neans, a trigononetric function processing unit that cal cul ates
2 sine*dr & %B%Q%:éng circumstances and it is therefore an object of the

present invention to provide a vibration controller capable

' of suppressingvibrations of adrivenobject of asystemsubject
that is vibrated due to the dynamic unbalance or eccentricity
pf a rotating member, of mee_;ting desired functions of the

20 system, of reducing the cost of the system, and Aimproving
the reliability of the system. |

' In order to achieve the objectives, a vibration controller
according to a first aspect of the present—invention includes: a
driving .force generati_ng. means for driving a driven object;

25 d rotating member driven for rotation by the driving force
of the driving force generating means; a driving force
specifying means for specifying a thrust or a torque to be
generated by the driv_ing force generating means; a . rotat:‘mg
motion measuring'means for measuring rotating motions of the

30 rotating member; a rotation calculating means including an
angular pos_ition transforming unit that provides an'angular;
position of the rotating member based on an output
of the rotating motion méasuring' means, a trigonometric
function processing unit that éalci;lates a sine or a cosine

35_ of an angle expressed by a linear function of the angulaf

position outputted from the rotating motion measuring means,

-and a gain adjusting unit that multiplies the oufput of the




35 of an angle expressed by a linear function of the angular position
outputted fromthe rotating notion nmeasuring neans, and a gain adjusting
unit that multiplies the output of the 4 Septenber ZOO%SQ%?§‘¥6896netric
function processing unit by a predetermsied gain; and a specified driving
force correcting neans for correcting an output of the driving force
speci fying neans based on result of calculation nmade by the rotation

cal cul at i ngFht9AROMERE 1FOEPLEA OBaPERCRS G hers by & et e reingd a

phase adj usgang; uBhl thalpd@vidipsas PIRYCESEELNEE AdLUThiNhe ANASEAS an
intercept of a linear function of the output of the angular position
“transform nMgPEREFEEING &hi suEAYgk, of hd 0 dnighiede xpress exbdyi fihiend | means

function oh thg angpl afePosi tion Es10htaNad by.addipg thg.adjusting,phase
to the gngul ar position, and the trigononetric function cal culating unit

cal cul ates ceeudpiidngr “ga8fne of the angl e obtained by adding the

adj usting phase t®héheotagubRrcaDstliheinglhedhs hf atd.on,cal Gul atdna, means

may further 1ilncl udd[e. an%]_r anﬂul.%r velocity transformng unit _that provides

the angul arP V2 GEHHYF oY RBLEGHRE T RE e adedrt Haeireddts Gitdut  of

the rotati mhanetian aedsudmepRaTsa andeai aagutabnVek oghd Youtpht igt yi ng
20.trigoponetric function

unit that i pl i the output of th .
cal cul ati n%%i?ﬁ%ﬁf?ﬁep%?r%f%%j TP RECTUARE B9 he Wyddtie s2shiv ditul ar
vﬂ(xﬂlQ_mﬂngb@éﬂpwaﬁygdbmghhﬂfmﬁhn@dqcﬁmﬂTszM@&mgwn&ipdaﬁtﬂdﬁatipn
cal cul atin t hers.incl.ude an. angul ar, acce| eration transform ng
“unit that gﬁ%ﬁ?@ﬁ%ﬂtﬁﬁg 835g§rﬁ1§“llﬂl artlllléaccae%e‘%sa{g]lg%% BT Re ?o?iﬁei r?d‘g’r@rﬁ}'er on
the basis dfosteiont pardothe herigoabinpgriot fonctrdasucaiguleans,g and.tan
angul ar accg| fhat 4 0hs T d R Y I t |t igQli e_.qut put..of the
trigononetric functi %_n caFcuI a‘%}igr?g%@t}trﬂe{ ggr“ﬁe&&‘%& ﬁggé?ﬁgfl?or?é auLgnq]tngoy t he
out put of tHe agiatingcerasat Fenthgoangadsfroprsagioni.t . '

15 The rotation calculating means may further include an
angular velocity transforming unit that provides the angular
- velocity of the rotating member on the basis of the output
ofthexbtatingmqtionmeasuringmeans,andanangularvelocity
7 multiplying unit that multiplies the output of the
20 trigonometricfunctioncalculatingunitorthegainédjusting
unit by fhe 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
thg output of the rotating motion measuring means, and an
angular acceleration multiplying unit that mﬁltiplies the
output of the trigonometric function calculating unit or the
gain adjusting unit by the output of the angular acceleration
30 transforming unit.
Thespecifieddrivingforcécorrectingmeansmayinclude'
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.




The specified driving force correcting nmeans may include an adder that
adds up the respective outputs of the driving force specifying neans and
the gain adjusting unit. The specified driving force d£$W§@FWﬁ ORRans may
i nclude - 35 an adder that adds up the4respective out puts of the dr|V|ng

force specifyi ng nmeans sand s kﬁ]gd e at| on multiplyin nit.
Sept ember 2006 ghe ss% it g?%g%f&fc%er%:e rcec?rtﬁggﬂeﬁﬁsf?ggﬂﬁwgrﬁg i ncl ude

an adder 't hat Ao gddg raé'éﬁe‘éli’lf\?@ §@I$}?ﬁﬂt§'~’©f0mt[altasngﬁil tine aagagker ation

mul tiplying umdcea@&athenam@ukabl ehoCibyr AWkt ipLYi t h ecified
driving for Cenﬁﬁ”g‘i& s ma¥ f%rther |nclt§ eaa%u'igg ve-[ gfégdds up

the respective out driving force specifying neans, the angul ar
vel ocity nultlpIy|WQEﬁnﬂblamddﬂhenggfbfﬁb¢5ﬂﬁd&i1H6h%angﬁﬁy%ﬂ§@h££ed

driving force jgenkaet \ rther. include an adder that adds up
respective outlputlsa% éﬁ]gﬂ i 3?%5 4 or BB S EPRT Hy e aHEPUth@TatiBal ar

accel erati on NEVLBEyi f@rc%nlwecﬂﬁﬁlamgmeansveltam t ynguldd penBgitpi t and

the gain adj mslitAglynhg. uJab@ 4t 3he0BasR! £l pg s may cal cul ate an
ensat ’'ng eccentricity of

eccentricity conpepsatin Fcn for co
the rotating m::rrbe‘?lh lﬁ% % %&%&E? oﬁm(of) coryectiag Ci“@#fﬁ*( @a¥ fhrghEr where
0 is the angulla?ltpbsﬁm mﬂerGthas Aidgaiyh mgdcmet becisNor adjeUghi\iguni t,

and 'Pl.is antagidisipdidr e hy, .t justing unit, and t he
specified drivin fo% ce g%r?grsergtl n rreangg% Blﬂa ?ce(c{tera'f’t?él JHtLipt 381“9t he

driving force"3peci HJf ng Rk dA ?%Yba@%lsfrlpbsflntgheu@ctcemmdl ¢hty gain
conpensati on E@plstIhg urdttat i on cal cul ati ng neans may cal cul ate a dynam c
unbal ance conpensating val ue FuBfor conpensating the dynam c unbal ance of
‘the rotating menber™y USFAGLEXpredsidptiny : means may ocaloulate an

eccentricity compensating value Fo, for compensating the
eccentricity o.f the rotating member by using Expression (1):

Fop =Gsin(o+y,) ... a

where 6 is the angular position, G, is a gain uged by the gaiﬁ

- - adjusting unit, and W, is an adjusting phase used by the phase
adjusting unit, andg '

the specifieddriving force correcting means may correct:

the output of the driving force specifying means on the basis
of the eccentricity compensation Fep.

The rotation calculating means may calculate a dynamic

" unbalance compensating value Fys for compensating the dynamic

unbalance of the rotating member by using Expression (2}:

Fy =G®sin(0+y,)  ..... 2

| where 8 is the angular position, ® is the angular velocity,
Gy is the gain used by the gain adjusting unit, and ¥; ig the
adjusting phase used by the phase adjusting unit, and
the specified driving force correctingmeans may correct
the output of the driving force specifying means on the basis
of the dynamic unbalance dompensating value Fgyp.

The rotation caloulating means -may caloulate an
eccentrlcity related unbalance compensating value Fer for
compensating the eccentricity-related unbalance of the
rotating member by using Expression (3):

Fog = G, sin(o 1, )+ acos(@_ﬁba)) IO ¢}




Fm =G&2co2 sin(e+02) ..... (2) where O is the angular position, wis the
angul ar velocity, & is the gain used by the gain adjusting unit, and V2
is the adjusting phase used by the phase adjusting urfl$ept r 2 speci fied
driving force correcting neans may correst the output of the driving force
speci fying means on the basis of the dynam c unbal ance conpensating val ue
FcO. The rotation cal cul ati ng means may cal cul ate an eccentricity-rel ated

unbal ance cofpeRdt iy the GBIREATIBPS1EbMperid s AGet RBIBLRENT#IeFt ¥ rel at ed
unbal ance ofutfie tHOhalguG rBrBeN e¥ +¥8hNIc EXR 8S§4 0N (sBd pyChhe G MR

Si n( 6+t 03) +acosI§al _3%‘) (Jé 4JSeptenber, 2006 5 where 0 is the angul ar
position, m#SIEREIRGGRE. ¢B8AcE: iy, an 2TESERBIRRAT AN SO SNSPRATC &3 i s
a gain used hyjhkeigai oniadj asting unit, and il'3 is an adjusting phase
used by the phase ,.adjusti, njt, .and_5 the specified driving force
Correct i Mg means. nHyS BBPFACH S HHIBERT oF CORBCGH LRGP SHRET ¥ ng
means on t hethasispuwf offtheheadantiniccfbyee edpd ek winlipnanne conpensasing

val ue FCF The.rotation calculatin ns i ncl ude a gain _changi ng neans
Tor 'set i ng Chavbar s oTr ERhEr b ho LA R TR oo s 20t RO R%T e ol
of predeterm ned vEheesodatdod ngplddldthinpeeans ngagonrsictliugie of ¢gabndri ven
obj ect. The i on. | ati.n | u h ngi nmeans -
for setting %ﬁ%g%%ggeﬁ%%ﬁghgg%hgggﬁgﬁﬁugﬁfxngg%n?f g@%ﬁ%ﬁﬁi %gﬁ‘é%ﬁ? ality
of predétfer nitmdl birvathmrsg biee erpdiurp Lilty 6 pirededpamanedg slormd 8¢oprding he

devi co that Eot e nelphasalgr SR ErllotaPns, ARV E R bUIEeE PITRe (o the
rotating directionTle¢ ratatdpst cadcudaiiag Me@EIBhdahginakugpst t Pmse
transfor m ngsiiih &1 A8 nd &ed Uds- 3Rt titlLehal Phaf@lof MHRIPALLRIaE fEsPHAHUL Of
the angul ar &/r?zlij?%lytghangingaplurality of predetermined values according

15 to the operating condition of the driven object.

The rotation calculating means may include a phase
setting device that sets the phase of the _phaée adjusting
unit according to the rotating direction of the rotating
member. _ .

20 The angular position transforming unit may include an
integrator for integrating the output of the angular velocity
transforming unit. -

The vibration controller may further include avibration

measuring means for measuring vibrations with respect to a
25 directioninwhich the driven object igs 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 agenerator. The rotatingmotion measuring means may include
an encoder.
The rotating member may be arotor included in anelectric
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.




transformng unit. The vibration controller may further include a vibration
measuring nmeans for neasuring vibrations with respect to a 25 direction in
which the driven object is driven. The vibration nmeasut $eiemeaf90omay

i ncl ude an accel eration measuring ngans for neasuring the accel eration of
the driven object. The rotating notion neasuring neans may include a

resol ver. The r8E&OHY Dt i o n%as%n‘?‘?ﬁﬁ@reéﬁ?etﬁ%y iHel Ude® ForeSgeherat or.

The rotati @gvgglttii%’nea%g?é nganpgg%ir%geeiep%élgﬁodagfencoder. The rotating

menber may be rotor 1 nclude n -an ctric notor. The rotating. menber
may be a nmmiomtstedavieng nithuaedonsn ofam delievat & j&ysiagiuiba 1wbasygemenber

my be a coipeRsatifh a3arsh erd I.n..an el t system The driven
obj ect may be an él lé’vat o? _cgl?'yi ncl ude q%r#ar%éﬁl%e ggégogégysf@ﬁ%n% Pt ember
2006 6 Acéardiemgobdeatseesonutaisieg mafbdihérmpveseiby ravanibanbyt here is

provi dagl agistiag. ebxpanbEOLLLNG VL PAALLODS, Ol fedriven oblS! Lpel yded in
a system Conprising a driving rorce generatiNg rmeans fareay vi fy” the
~driven obj drtiiviagr foacengpesitfaringr meemsf diorr epeididgying & thiwsingof or ce of
the driving {px ' driving for i f vl means
for speci’f%i ng ‘%ﬁ? grsti}%{&%égg%@%? u%ﬁ%grgglg nééorra% eg83§§?%§%§r;?%éfﬁ‘nsg, force
gener at i ngPHeafRLTediingr pactowpan propidedr ovy dédebydrieidpi vigred or ce
speci Tyl NgsfRaEEyINgUNH: By RIAUR] £ LHARE SATRAIAY DY 3L YR, JfLddie et hod
conprises: @a rotating notion nmeasuring step including a ste_B of “neasuring
an and® arTosits bt CCRBTIFBE at i hg TR amesien| e sinap isteludi ng a

step of opt&wiNgy & RreUCl AbaguSiAg fh LOsINE YoaR iaRdLe @fed |inear

function of the angular position-and a gain, and a step of 15 calculating a

conpensat | Fyt95it8 BEEBGTon & RALFOtEINT aRder 1gea1diing ny §t&p iafcl udi ng

a step of éheadeing™E proguatdd B sine or cosine of an angle as a linear '
function of the angular position and a gain, and a step of

15 calculating a compensating value based on the product; and a
determining step including a step of the determining a gain
that_reduces the amplitude of a predetermined vibrational

component generated in the driven object to a minimum.
The calculating step may use an angle obtained by adading

20 apredetermined adjusting phase value to the angular position
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 drivén object to a minimum.

The rotating motion measuring step may include a step
of detgi:mining the angular velocity of the rotating member,
and the calculating step may calculate the compensating value

'qn 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. ' ' l

The angular position measuring step may inc€lude a step

“of determining the angular acceleration of the rotating member,
and the calculating step may calculate the compénsating value

35 - on the basis of the product of the product of the sine or

| cosine and the gainand the angular accelerationof-therotating

_member.




that reduces the anplitude of a predeterm ned vibrational conponent
generated. in the driven object to a mninmum The calculating step nay use
an angl e obtained by adding 20 a predeterm ned adj ust4 %t%%@}@o lue to
the angul ar position as the angle that g@an be expressed by the linear
function of the angular position, and the gain determ ning step may
include a step of term ning an adjustin hase val ue sq that the

anpl i tude of the. DRECBEErHhetINADY LRT Gl G BEhEt L Vo8 Y dABFALeE PN ¢ he
driven obj ecbft a @riwéen mbyechhd ncta@iddn@nnat $en: aedsukvhighsyepremyonacl ude
a step of d%t er m ni Q%Et Qe angFI %éhvel oci ty .of. the rgt ati ng rreg‘ogr and
the cal cul at PAg SEEFTRETICATEutAtd S IRE Y RG FEPABICHPREBESI s of
t he Ipr oduc]t of.Et hhe?p?‘ﬂﬂmgtn;mr:bémeiﬂjm (77 Sﬁmo’f:@.si lﬂﬁy amir;g?_e:]c@a'rtnrqud_ t he
angul ar vel oci 0 e rotatin me r. e_angul a si,tion _measuring
step may ?nc%gdgh% MY o &Z’F@Fﬁnnmg 3 ﬁ’gugﬁgﬁrlggroé&%gﬁae%q glﬁmgfertgh_e
rotating nenmbee, earehtivec calrculyatdnnicsllp mmpatahcaliat etlide vibmpéensat i ng
val.ue 35 on IS Of .t duct. .of th roduct of the si . _cO0Sine
and the oal noaniteRatanyi o BIGE Bhiatl 1P P REHY S ko Bga tash

Sept enber 2086lchlitdngr meens rpegeptitdneigdficesviébretipuely compoaentss of
a driven obj incl uded i t | i i i A ed due
to the eccentﬁ ?L%ci% g?l%dy%%nﬁﬁytﬂibglggh(%gwno"?@a}é?g{'g%i ﬁ{}?ene%g’?: g??’\l}/%thl by a
mot or, b0 uscegrenentsr gféestdveilie notor or a thrust. If a plurality of

rotating members eregt@ﬁﬁﬁﬁgg%ﬂe ?y%g& @leueuwggga‘csgsﬂoﬁe( ¥i Ratki on

controller is provided wt pluralrty of angul ar Ititon calculating
means respecPivébg pFisypbr zetefarncefpshenrotaghagt yewherr-ot ati ng nmenbers
to reduce the vibrational 10 conponents effectively. Centrifugal force fO
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 drivlen object is di:iven, 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 drivenobject canbe controlled by changing the rotative force

of themotorintoadrivingforceactinginthedrivingdirection.
However, when the entire systemvibrates, it is very difficult
to suppress vibrations by controlling the rotative forde
becauseeaforcechangingmechanimnforchangingrotativeforce
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. '
Shakingforcch,i.e.,aforcegeneratedbytherotating
member dynamically unbalanced due to-the centrifugal force
35 -fc'and acting in the driving direction, is expressed by
Expression (5). | '

F, = f, sin(@+y) .....(5)




f =mrco2 (4) 15 where mis the mass of the rotating nenber, r is the

di stance between the center of gravity of the rotatin rrenber and the
axis.of rotation;, and wis angular velocity. The dynar‘ﬂg Rl 2R of the
rotating nmenber due to the 20 centrifug# force fc causes the systemto
generate vibrations, and a conponent 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 vi bzth@tre eﬁienemeldx;gulélepmsbtabno:ff mhetmaﬁldalhpmmme@an be

controlled b ngi ng the rot ve force
force acting | gg r(‘/l?%ﬁ an e £ o%has‘?—gwe er w%née vﬁée%g??rsgl skélsn em
vi br at es, |tfbscwe@wﬁhﬁha(ﬂﬂgulaﬂ)ﬁnﬁx¢@ss V|brat|ons by controlling the

rotative force rgg)chan ﬁqf NI NG XAl ve
force 30 %nto ||ne%%%§§F%ﬁﬁ%' g?e%? o?%%d %y conbf ni ng the rotating
menber with &.linkage and belts or ropes, vibrates as well as the driving
force generating neans. Shaking force Fc, i. e. , a force generated by the

rotating nmenber dynam cally unrbal anced d to the centrifugal force 35 f0
and .acting in the dr|V|d§A§¥ d&wr@nynt%+@ Hdsked by - Expbbssion (5). F = f
sin(B+vyi) ... (5 4 Septenber 2006 8 where 0 is the angul ar position of
t he dynam cal | y unbal anced rotating nenber, and Wis phase di fference

bet ween the shaking force and the angul ar position. 5 Expression (6)

obtai ned thr quahd @p| aGe stzfaaﬂsi‘gorftarcle Eoh&S)aplbBeveseni 04y, )éncH(HSOs) -----
(6) where Fob is shaki n force, s is | ace operator, .and 51%% 10.1s :
shaki ng #8rcé=t PHRLRP HOFRA ﬁ‘nﬁéﬁFe%‘é‘E FHHP ERPTRESENPAY 8P TIPS i ng

force Fo to tdre tmshaarg dPprer-ddlF atbi fe0Bhaking force F,, acting on
the driven object.

The driving force specifying means executes the servo

control of the driving force generaiting means so that the

15 angularvelocity w,of, forexample, adriving sheave (rotating

member) connected to the rotor of a motor coincides with a

desired angular velocity Wy, and the motor produces a torque

coinciding with a specified torqﬁe Ty provided by the driving

force specifying means. Driving force Fy exerted to the

20 driven object by the driving sheave is given by Expression

(7).
Eo()=rT,(8)GE ... (7)

where rp 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).

T =T, + Ko 7 sin(@+¢) ..... (8)

m

30 where 6 is the angular position of a dynamically balanced
rotating member, ® is the angular velocity of the rotating
member, k, is a gain adjustment parameter, andrq) is phase
'adjustment parameter.

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




the driven object. The driving force specifying nmeans executes the servo
- control of the driving force generating neans so that the éS angul ar _
velocity wnof, for exanple, a driving sh&ave (rotatiﬁb§ ?0 nnect ed
to the rotor of a nmotor coincides with a “desired angul ar velocity wm, and
the notor produces a torque coinciding with a specified torque To provided
by the drivi ngrifai cebgeea fyhe MRANSpIYitvidty £6F§ee FAM gée%ieggr; oithe 20
. driven object_by the grixﬁng sheave i s ?iven by Expression (7). F'o (s)
=r, nTo(s) & s) CEreserved REr EXPREFE1PRelP Adi us” of the driving sheave, and G
(s) is driving 25 force transfer function representing the transfer of
driving - force fromthe driving sheave to the driven object. Specified
torque To is defined as Expression. (8). T =To + co 2 sine + 0O .. (8) 30
where 0 is the angul aF, @9sik o) +af |k aotyim@ adld ) bal anced (gotating nmenber,
.wis the angular velocity of the rotating mneEnber, kmis a gain adjustnent
paraneter, and $ is phase adjustnent paraneter. From Expression (7) ,
driving fbrce Fno that acts on the 4 Septenber- 2006 9 driven object when
the specified torqug. T. i.s.qiven is_represented hy Expression (9), F,
(s):Fna(s)+L[an\/25iuj§h?6‘¥)l]Vé%§) oree ?‘“?%ﬁe EhEhLng io\FiCr‘?‘ga‘FBPE‘é:%a%fﬁ%n
shaki ng forcelmigcon thmnExyeassbbnpeds.) dd0® EXpressitQns forceF, i.e. ,
(6)and(9), ef f i I , k t su f.the driving force.and.the
shaki ng for ce&?él; ss\ﬁgezjt\tlI \%efﬁ]e‘h yalé]?(%%% S%Bgrnce( %]8;& t&ﬁ ‘Iq—lz%lfl%g se)'+I}kae’§i n(9
+)] G(s) +L[ nv iy sexBcespdpH($P) (10) Supposing that win Expression (10) is
fixed., ggb and o

F(s)=F,(s)+ L[kmm2 sin(6 + ¢)]G(s) + L[mrw2 sin(@ +y )]H (s)

Supposing that o in Expression (10) is fixed., Gagp and
15 Y¢ are the gaih and phase difference of G(s) ., and Hg, and Yu
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 Expressioh {(10) are expressed by Expressions (11)
and (12), respectively. |
20

L[fk, 0% sin(0 + 9)|G(5)]= G pk 0 sin(0 + 6+ 75)

25 o - L (12)

Therefore, when the gain adjustment parameter k, and
the phase adjustment parameter ¢ of Expression (8} are given
by: ' ’ ' . "




15 YG are the gain and phase difference of Gs), and Hdb and yH are the
gain and phase difference oft H's), and L-'' is inverse Laplace transform
‘the second and the third termof the right side of EXpP@éankss2090) are
expressed by Expressions (11) and (12),l@espectively. 20 L4[L[k,,,w2 sin(8
+ )] s)]= Gbkma2 sin(9 + 0 +yc (11) FE [L[7nrw2 sin(o +7p)] H(s)]= Hdbnrw2
sin(o +yi. +),H25 ..... (12) Therefore when the gain adjustnent paraneter
“km and the phase adjustkment ﬁzarIEt;be:ry;& of —E,»gpreSSJ on .((83) are given by: 4
Sept enmber 2006 10 k., . + Y 11 - C ..... (13) Ceb the
second and the third termof the ri ght si de of Expre55| on (10) cancel each
ot her and Expression (14) is 5 obtained. F(s) = F Q(s) ..... (14)
Consequent |y, the hir geicondl aghpdreerthind etéxnm naf ethe 10ightmstide of
effective fo ng t iV, bj ja§Ct; .can be
driven as |fE%§gF§%ﬁygn Q}qec({%ccgl dﬁhfgnégl?\‘% % ﬁgﬁﬁg%%?{ﬁg Qgrtlgetlérm | f
G(s) = H®), oygdaesdi-on (15) is obtai ned from EXpI’eSSI on (9). 15

F(s)=F,,, o(S)+L[ kmn2Si n( B+0) +, nr co2si n( 0+7p) ] G(s) ..... (15) Therefore, if
K,,, =-nr, =z/ ..... (16) 20 the vibrational an(l)nent can be elimnated
regardl ess of the value of th&@myfldp) vel ocity W Supposing that the

driven object is vibrated by an

Consequently, the vibrational component is eliminated

10 from the effective force F acting on the driven object and

the driven object can be driven as if the driven object is
driven only by the driving force Fy,.

If G(s) = H(s), Expression (15) is obtained from Expression

(9).

15
F(s) = F,(s) +L[kma)2 sin(4 + ¢)+mrwzsin(é 1 )]G(s) ..... (15)
Therefore, if
k,=-mr, ¢=9p ..... (16)
20

the vibrational component can be eliminated regardless of
.the value of the angular velocity .
Supposing that the driven object is wvibrated by an
eccentric rotating member, displacement zs caused by an
25 eccentricity with respect to the driving'direction is given
by:

z, =1, sin(@d +w{,) ..... (an

30 where ry is the amplitude of the vibration of the rotating

member due to the eccentricity of the rotating membeir, 84 is
“the angular position of the rotating member, and WYa is phase
difference. Shaking force Fyq that acts on the driven object

~due to the_displacement Za 18 g'iven by Expression (18) obtained




eccentric rotating nenber, displacenent Zd caused by an 25 eccentricity
W th respect to the driving direction is given by: Zd =r a sin(Cd + 0 d )
ce... (17) 30 where rd is the anplitude of the vi brat i4orsPimbend0f8ot at i ng
menber due to the eccentricity of the rothting nenber, Od is the angul ar
position of the rotating nenber, and Vd is phase difference. Shaking force

Fd that acts | opj t e_di %E‘Qﬂ* L kven by
Expression ( f@?oggsaﬂéggggesg%%g%%&{3[0(5)21 E‘Qﬁ‘?ﬁ?‘%‘gﬁ ap aa%gi %?gﬁg{gr m L
on an assunpftficacet laans fohra lbung tifoar deromy @asterfs uretlon fromZd to Fd is
D(s). Fd(s) = L[rd sin(Q +yid )]Ds) ..... (18) 5 The specified torque Td
is defined as Expression (19), wusing the angular position Odof the
eccentric rotating nmenber. = To + kd sin(Bd + .. (19) rrn 10 wherekdis

Td
gai n adj ust nent par anet er ’F@dﬁﬁ[”«fsﬁiﬁ@?ﬁ”ﬁ@@t ment  pgphameter. From

Expression (7), driving forc on the driven object when the
specified torque Td .is given is given by Expression (20). 15 ,.(s)
Fnro(s) +Lfkd sin(OQ +9d)]  s) ..... (20) Since the effective force F that
~acts on the driven object is the sumof the forces represented b\:/l
Expressi ons (18) af@#e gpeyifipnd warwes iTucl g feddnpd as Jumeassiphyf19) .

Expression (2L =.F ; Kk i 3 hReOd
1Y d)]D(s) . f%‘.js.)l.“g('%% ‘E‘f@‘%ﬁé‘" %%ﬁa"%@“é?%?ha %@Oeh(%h%dhgég%g%ﬁ ?’iegllbr%gt ating
menber in Expression (21) is fixed, the second and the third 25 term of
the right side of Expression 21}(1 are expressed by Exgdeisions (22) and
(23), respectively, in whilgk Ehe—gsintf, atd phase diff-di8hce of G(s) are Gdb
and yG the gain and phase différence of D(s) are Ddb and ID, and L-1

i ndi cat eppi NYRITR ks is gain adjustment parameter, and ¢qis phase adjustment
parameter. From Expression (7), driving force Fy that acts
on the driven object when the specified torque Ts is given

is given by Expression (20).
15 E(s)=Fe+Lksnl, 40, )l o 20)

Since theeffective 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[, sin(6, +v,)] D) - .- .. (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 y¢, the gain and phase
difference of D(s) are Dg and yp, and L1 indicates inverse
Laplace transform | ' |
30




'Laplace'tfansfofn130 4 Septenber 2006 12 L' [ L[ kdSi n(Cd +0e)

(s)] =CGdbkdsi n(Bd +Y'd +76) ..... (22)

Li [ L[ rosi n(Qd+ypd)] D(s)] Ddbr dSi n( Bd+Wi+I D) . . ... (23) SepkabsrdP® if the
gai n adj ustment paraneter kd and the pH&e adjustnent paraneter Wi of
Expression (19) are given by: kd_Ddbrd O d7Pd+YDYc ..... (24) &b 10 the

second and the third termof the right side of Expression (21) cancel each
ot her . Cons_equentlé1 [he_ \(i brationgl conpgnent is elimnated fromthe .
“effective force F d?kmgﬂlﬁm+ﬂﬁ (dﬁF d%ébﬁ@@f¢£wmb}he dr-i-veh2dbj ect can be
driven as 15 if the driven object is driven only by the driving force
F,,,o. " If s) - Is), F(s) = F,lo(s)+L[kd sin(ed +Yd)+rd sin(Bd
+tYd)]Es) ..... (25) 20 and, therefore, the vibrational conponent due to
the eccentricity of the rotating nmenber can be elimnated regardless of

t he angul ar vel ocity by satisfying Expression (26). kd = -rd, 'rd = W
d..... (26) 25 S{jd:ﬁﬁg‘é‘ﬂ{%dﬂ”at);@éﬂ]li@&m Pect i*s shook -by - (3@
eccentricity-related shaking force of the eccentric rotating mnenber. The

eccentricity- related shaking force Fr is obtained by nultiplying the
accel eration due to the displacenent zd 30 given by Expression (17) by nmass

- ma -shakers due to eerepefbekl Yif the gain adiustment parameter kg af@Ptgaber
2006 13 Wen cud is angul ar velocity at Od and a 1s angul ar accel eration

“‘at Od. the eRP@ntrfdivyimenht RerIpakehghes 6L cEXPrepsignvihopyare given
' by:

D
k, ='"“a§i7’d: s =Wa*+*¥p~Ye  +---- (29)
db :

10
the second and the third term of the right side of Expression
(21} cancel each other. Consequently, the wvibrational
component isr eliminated from the effective force F acting
on the driven object and the drivén object can be driven as
15 if the driven object is driven only by the driving force Fuo.

If G(s) = D(s),
F(s)=F ,(s)+ L[k y sin(@d_ +¢, )+ r,sin(g, +, )] Gs)  ..... (25)

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

ky==rgs $o=%, ... (26)
25 _ '
Suppose that the driven object is shook by the
eccentricity-related shaking force of the eccentric rotatling
member. Theeccentricity-relatedshakingforceF.isobtained
by multiplying the acceleration due to the dispiaeement Zg

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




Expression (27). Z F, = nere (- cod sin(Bd +yid )+ a cos(8d +~/id )) .....
(27) 5 Shaking force Fd that acts on the driven object due to_ _the
eccentricity-related shaking force Fr is expressed by4%9&|"’é[§‘§i2%6(28)
obt ai ned by Laplace transformL on an ak¥unption that shaking force

- transfer function fromFr to 10 Fd is R(s). Fd(s)=L[ndrd

(-wd2Si n( Bd+_ Yd) +acQs(04+y.i d Rés v e 2% . Speci fie r l: .S
defined as EXPFEsSR of ¢ l_a,l-) )ﬁé}ﬂ l}:gnagtup%lf(’m o%ilfi%nrpl&agﬁktgﬁg%gﬂg}éﬁhi c .
rotating nenber 6, 13k sctentricity-wdZasen(Making )foree FasiOgdvenpy | .
(29) where kr,_is gai.n_adj,ustnment paranmeter and i s phase adj ust nent
par anet er. F?gl%rﬁ%psrléjélsﬁgﬁﬁ(?), driving force Fmthat acts 20 on the

- driven object due to the specified torque Tr is given by Expression (30).
F,?, (s) =F,,,0(s)+L[k, (-wd2sin(Bd +.)+acos(ed +0ri)] G&s) ....(30) 25 The

effective force that facts 0 ¢ hen (@ l,.\(@i?J,@bj Gt +i¢sd) the sum @7)the forces
represented by ExpresSions (Zé) and . (30). erefore, - ------------ 4

Sept enber 2006 14 F = F,,,o0(s)+L[k,.(-Cod 2sin(Bd +or)+a cos(Bd +~,.))] G
+ L[!ndrd (- wd2 sin.(Qd +1Pd )+ a COS (Bd +i ))]JR (s) (31) 5 If the

angul ar velocity and of the eccentric rotating nenber in Expression (31)
15 fixed, the angmﬁfa]&(}féek‘éiéé'ﬁ{‘-thﬁ%zgct§%9%ﬁi@ﬁrﬁmh Sdheandaye s € the
gain and phase difference of s), and Rdb and YR are the gain and . phase
di f f er ence ofther@Egcendiqity ireliahast shakigihdeisantst 3Fme FHE and
10 the thi rdﬁ:@%{ﬁeﬁi&he(ﬁhgh%bﬂjaﬁ%éﬁ B¥PRgSie (8iinsFeraxm esnsath by

s S e Higt GBS higa oo HELLELMI2EALRESH Ehom . o

10 Fa is R(s}.

F, (S); L[mdrd (- w,” sin(6, +1, V+ acos(d, +v, ))] R(s) ..... (28)

SpecifiedtorqueTrisdefinedasExpression(29),using
.angular position 04 of the eccentric rotating member.
15 '
T =T, + £’—(-— w,” sin(6, +¢, )+ acos(d, +¢, )) e (29)

m

wherekrisgainadjustmentparameterand¢risphaseadjustment
parameter. From Expression (7)., driving force Fp that acts
20 on the driven object due to the specified torgque T, is given

- by Expression (30).

;'F,,, (s) =F(8)+ L[kr (~ w,” sin(6, + ¢, )+ acos(f, +4, ))] G(s) _...(30)

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

{30). Therefore,




15 L-1[ L[ mdr dwd2si n(0d+7/)d)] R(s)] Rdbndr dwd2si n( 9d+?Pd+YJ .... (33)
~Therefore, if the gain adjustnent paraneter kr and the phase adjustnent
paraneter fr of Expression (29) are given by: 20 kd=4K35P r2 6 = d+YR -
YG.....(34) Cdb the second and the thildd term of the right si de of
Expression (29) cancel each other. Consequently, the vibrational 25
conponent is elimnated fromthe effective force F acting 4 Septenber 2006
- 15 on the driven object and the driven object can be driven as if the
driven object is driven only by the driving force FO,,O If  s) s), 5
F(s)=F, nQ(s) +L[ k, (-wdzsi n( Bd+Q, ) +acos(ed+, )) +ndrdmd25|n(B

+yd)+acos(Bd+ d)] 4G s) ) tHhere ore t e vibrationa ent due
to the ecceft rS)CFtE,n@(S)HreL{é 2 'béx&()is raaﬂ'é% ﬁ]gﬁ)&g)ardl ess
of the angul ar vel ociffy O mhep a ustnent IS nad to me l ditions

gi ven by Expressiohl(lfﬂﬁﬂd ‘:19 +CQ’Jd— OdCOS U g '('#6)3 89%8
eccentricity-rel ated shakrng force acts on a dynanlcally unbal anced,
eccentric rotating menber, 0 = ea, and therefore the vibration of t he
driven object can be reduced by providing a specified torque T given by T
=To+k-n uwdZsi n(Bd +0) +kd sin(Bd +od) 20 rn Il r,~ . .. ... (37). + @D (-
sin(Bd +or /+ a cos(Bd +' r // rin and deternining the adjustnent

parameters km kd, kr, 4', 4'a and $r so as to satisfy Expressions (13),
(16), (2%), (26), If 3‘4)6 aim;u(l’ﬁ) vedpeity wa of the eccentric rotating

membexr in Expression (31) is fixed, the angular acceleration
a=0. Supposingthat Gap and ve are the gain and phase difference
of G(s), and Rg and Yz are the gain and phase difference of
R(s), and L' is inverse Laplace transform, the second and
10 thethirdtermof theright side of Expression (31) are expressed

by Expressions (li) and {12), respectively.

L"I[L[krwdz sin(6, + ¢, )] G(s)] =Gk sin(0, +¢ +vs) ... (32)

15 L‘l[L[mdr;,wd2 sin(6, +y, )]R(s)]= R,mr,w sin(6, +v, +y,) ....(33)

Therefore, if the gain adjustment parameter k. and the
jr_ihase adjustment parameter ¢, of Expression (29) are given
by: ‘

20
. R _
d=—5‘”’—~mdrd, R R (34)

db

the second and the third term of the right s_ide of Expression
{(29) cancel each other. Conseguently, the wvibrational

25 component is eliminated from the effective force F actling




‘BRI EF DESCRI PTI ON OF THE DRAW NGS The above and ot her objects, features and
advantages of the present invention will become nore aﬁ? omt he
- followi ng description taken in connection with the E?(E‘ﬁ’ﬁ ﬁéﬁ
drawings, in which: Fig. 1 is a perspecti¥e view of a vi bration control | er
4 Septenber 2006 16 in a first enbodi nent according to the present

[ nvention; thgthé b5 1feh! o6 keCt i@ abh9ek] Bpgbbercaonid adieen abown in
Fig. 1, Fig is a schematiC side elevation of an el evatorgﬂixﬂli‘__t:g%
M 4 s

provi ded wi t Aft hbevibieen o et A6l (BEVeR P PYrske dipodi
a graph showi ng a pat tGarg of v(%rr ation of specified angular velocity

speci fied by the vibration controller inthe first enbodinent with tine;

10 Fig. 5 is a graph showing a pattern of variation of acceleration
specified by the vibration controller in the first enbodinent with tine;
Fig. 6:-is a graph show nf a pattern of variation of acceleration specified

% S o ST e 4 e R T T

el eration specified by the
vibration control kefrj na;t’n@n(ef er,usdt)+ezms{dj WQ @(st)h tinme; Fig. 8is a
perspective view of a Vi E)ratr on controller 20 in a first nodification of
‘the vibration controller in the first enbodinment; Fig..9.i63%)perspective
view of a vibration controller in a second nodification of the vibration
controller inthe first enbodinment; 25 Fig. 10 is & schematic side -

el evation of an el enadh@forsyst e:mﬂeprmzbnletlimah aongemeritondgent ¥ol [t&e in a

second enbo%c”c%r}}trafglotr di n% teht he %%.%@t &r@ﬁﬁ?@f' Uin be eliminated

10 regardless of the angular velocity wa when adjustment is made
to meet conditions given by Expression (36).

ky==mgrys §.=v%,  --.-- (36)

15 . When eccentricity-related shaking force acts on a
dynamically unbalanced, eccentric rotating member, 0 = 0O4.
and therefore the vibration of the driven object can be reduced

by providing a specified torgue T given by:

T=T, +kia)d sin(8, +¢)+k—dsin(ﬂd +¢,)
T r
20 " L 87
+ ffﬁ-(— cud2 sin(@d + 9, )+ a cos(@a, +¢, ))

m

and determining the adjustment parameters Ko, ka, ke, ¢, ¢a
and ¢, so as to satisfy Expressions (13), (16), (24), (26).
(34) and (36).

25
'BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages

of the present invention will.becom_e more apparent from the
following description taken in connection with the

30 .accompanylng drawings, in which:
Fig. 1 is a perspective view of a v:r_bratlon controller




" Fig. 11 is a block diagramof the vibration controller shown in Fig. 10;
30 Fig. 12 is a uniaxial positioning table uni t inclugg i% a.Vvibration
controller in a third enmbodi nent accordi to the pr8SEREMPRLEMS on; Fig.
13 is a block diagramof the vibration ¢ ntroller in the third enbodi nent;
and 35 Fig. 14 is a block diagramof a vibration controller in a fourth

embodi ment aggof df Meis £ Oelﬁlﬂ@dﬂﬁ%’@rﬁcétﬁw&ﬂﬁdyotb thSqptendier 2066t iloh ;

DESCRI PTI ON OF THE. PREFERRED rre odi nent.s_of
present invention Wt bes Ge@B%é%EWIEEH“ Ot 5?‘8%% F%PW% aql}tarcolel t
drawi ngs. 5 &hewh babedyent A vibration controller in a flrst enbodi nment
according to the pres invention is Jndjcated eraII ce

0k go. FhS+ 5 X & Pifpnaflc Pl Sl S SRR Eh B acallon S ST

nuneral 1 in Figs.

i ndi cat ed atpreveaeaceviteriie 5v1'ﬂi€atﬁlceyammt$‘pitlem 51:10 t]se prbwsdtad with
arotary electr|§ nbﬁﬁ 11, which is a driving force generating nmeans, and
a movi ng obj ¥BYC9#™khich is a driven object. The vibration controller 1
is provided with =Rigotatisgangtapin mnesﬂmgng pm%&arqufrvﬂzﬁatﬁpn of

cal cul ating _neans. and ‘. 15.The. rot ur IS
conposed of;SP%¢}£§§%VéF“¥§E% s SEHRCa & Yni fggé rrgﬁgnféfgﬁ%Pand
capabl e of generallag anvbheagbrptopmbbdmmahttUlthetamg#e of rotation of

Corot et gL B PRI iR heklan 00ty oL vasfotlaseily

connect &4 to the ro ver ; and a rotation.
transnlttlngadeeleeaIQODOﬁnecnéde@obYhéher61bra§h@mtCQEKEQ%ﬂ%Ep%%IEh%f

-transmttlngf%ggt ﬁ&ﬁ&h?ﬁeﬁ% wiPE £9Let shaft 13 to the input shaft 17 of

t he resol ver rotation transnltflng device 19 is provided with, for
exanpl e, a univer sBigjofnisop arapupfhpwingearpablioer °§5V§51%BﬁﬁP|%€s t he

rotor, not showniepat9bAdspbRgdEngs. b@nna vibration controller in the
| 15 first embodiment with time;

Fig. 7 is a graph showing a pattern of variation of
acceleration specified by the vibration controller in the
first embodiment with time;

Fig. 8 is a perspective view of a vibration controller

20 in é first modification of the vibration cohtroller in the
first embodiment;

Fig. 9 is a perspective view of a vibration cont:oller
in a second modification of the vibration controller in the
first embodiment;

25 Fig. 10 is & schématic side elevation of an elevator
system provided with a vibration controller in a second
embodiment according to the present invention;

' Fig. 11 is é block diagram of the vibration controller
shown in Fig. 10;

30 Fig. 12 is a uniaxial positioning table unit included
in a vibration controller in a third embodiment adcording
"to the present invention;

Pig. 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.




stator 21 holding windings. The resolver 15 is provided with a signal
processing unit 23 capable of generating voltages in the range of , for
exanple, 0 to 5 V respectively corresponding to angulaPensaabeari286& in t he
range of O to 2n (rad) froma 30 predetethined origin. The stator 21 of the
resolver 15 is held fixedly on a bracket 25 by hol di ng nenbers 27. The
electric notor 11,i.e LML NG p ILRLK | i1l be

expl ai ned. The. el ect rl?%éﬁl?;{:%?téﬁ 161; ﬁ%%nlggu u@%%ﬁgﬁ%ﬁﬂ?ﬁd\ﬁ is held in
"pl ace by hol ders 3FPrefentiest embed8Benbs oif thepreschnd haven2dogreill be

| ntegrated. HgSleRld i dPhUicorkhdd ddiden: ditidd inaiadde rotor shaft
13, a stator housing 33 fixedly holding the stator of the €l ectric notor
11 therein, 4 Septenber 2006 18 a bearing 35 held on a central part of an
end wal | of the o1CHgM i@+ St ator housing 33 and supporting the rotor
shaft 13 forrotatiomn, a stieave 37, i. e. , a rotating nmenber, nmounted on
one end of the rotdrVihERti9B qr tradiah intthEisgatpmbedingit asqording
driving forceyo @hel e fdOClnveTRALA 144 IdWQHHY §ehOPE1138at G dita-dH NT
obj ect 14, a speed controller 39 that calculates™ a specified torque for
control | i ng tHEeRlatiHyFdgeedt d° Bhe I BEEF - ShhPt3 13No eHRIPRFYStEM t he

out put of theyijkealda@a 68NE&bt&hcd nakskaL i VirRg & seofddedm 5
recei'ves_power 10 f[gma t hr ee- phase ac power source 41 and makes the rotor

shaft 13'JenerBPEORLESE Hid e Tt oty ¢ HRESpRePed tor YHéChnts R IENS of

t he out put offdﬂf% sieerdaaa g ﬁﬂelaﬁl‘s,39.ndTEem@U11@iglto’?)jec§ﬂel4 ptviidly iWtd on
nmeasuri ng neans. LS given_to the rotation calculatipng neans a c2' .
The - 15 rot aﬁ]%nveé’alok’magtti'ngr%a B9 opgdEoT ﬁraﬁlghgaﬁr?)‘()’sqﬁ%aﬁ%%

t ransf or m ng aumicitasdSnighabttiivansatasuring weapstChof rdtatSignalalqurledsissy ng
unit 23 into qrres [ angul ar position of the rotor shaft 13; an
angul ar vel ocCi agclhst r%%f%drh‘rjnqagg‘ unit 47 that transforns the sane output into
a correspdndi ng andiiearo2@tiebow tiomhetisariogoneshalfdl 18; cemphase of :

adj usting unif 49,1482 s3 45d £ LR PASS L0 & Pl &Q%og%Pﬁhd@aﬂgﬁe

angul ar

~ of generating a voltage proportional to the angle of rotation:

of a rotor shaft 13 of the eléctric motor 11; an input shaft
17 directly connected to the rotor, not shown, of the resolver
20 15; and a rotation transmitting device 19 connected to the
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 rotoi:, not shown, holding windings, and a
stator 21 holding windings. The resclvex 15 is provided with
a signal processing unit 23 capable of generating voltages
intherangeof, forexample, 0 to5Vrespectivelycorresponding
to angular posifions in the range of 0 to 2m (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., the 'driving forcegenerating
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 motoxr
- 1l includes, inaddition to therotorshaft 13, a statorhousing

33 fixedly holding the statoxr of the electricmotor 11 therein,




" position transforming unit 45; an adder 53 that adds up the output (IP2)

of the phase adjusting unit 49 and the output (0) of the angular position:
transforming unit 45 a sine 25 calcul atjng unit 55 t HhPeEBRGIZEE0 ¢ he
output (0 + V2) of the adder 53 and cal'él ates the sine of the out put
(sin(0 + V2)) of the adder 53; a gain adjusting unit 57 that nmultiplies
the output of bBershgeseahetuliabhng "UBhtrED Par8nofdanstadl Raigabh, the

nmul tiplier 59 that sguares t he out put émb of the angular 30 velocjt
cal cul ati ng GAF2471CqhS B2 hef (opiSiteg 64 and guppgRt aﬁg’iﬁ%ur‘\}féﬂroﬁ]i‘i‘ét

de! tiplier, ghq’%oﬂbthlﬁhbﬁs 4 Bﬁeautagm, i‘%@Zﬁ imf@*lcati./nlﬁg nw‘m%ehe,Tmaﬁﬂﬁed

adj usting unit t out put of the multi er : e_phase

2 Usti ng unPh TS SBACY KBaGH0 o SRAFEHS 5P Al BbE my i CaaUES

colnst : tutse ai.85,t<g;g@mglmdﬁcce hj Umcth@rﬁl(hﬁmﬂcﬁmbmgxdﬂyiﬁﬁ;dﬁgh TEheopet ation
cal cul ati ng ns ' includes, .an angul a sition transformn nit

he e e TR E oy TRy Shasrty ledbtersarob8se 195 39 gt Srestanh rar

vel ocity prosisiesthfi ¢ hecangid gorvebwerd yling amsf eoabngnynspedd ofathbhase
adjusting unit,49' th j ust t.he phas ngle. of th t put,of . the

i ar oo EPEAE sPARE: D n R the Heede DY Aisferuss o, REPHineannof

out put 5 (4, &pndtotherphasenddpudtriindgngnibvd8e aRdthhée opatputvetOpowkr the
angul ar Si L] r f.ar m uni.t 'S, ine,,C u Lng [ . that
receivegﬁfhek%gﬁpét%g%e% %&?%eogc P§§e§d§§P§g§'4én§£§ahg%kgt5§gt%gﬁgfne of
the same out pheaft dhddemeratad dowigug edialsve thmmtspaditfiisd dorawe oot put
(sin(0 10 + ) -t.he zSi at,i-n ni ' l-Uskabl e gain

GL. The phasgknggé%%ngfuh?? %%k?ﬂkhébagagrEéggﬁaﬁgxgﬁglggﬁegbéalculating
unit 55' constitut&ha entpuhopdtthe dakmitingn moddlosy MeEishg idey means3Cl The

speed controkkeg;3en ago il g sy %ﬁl%ﬁ‘iﬁitg.ﬂ%[nﬁeaﬂg dBalia @nd thee
driving device 43 that serves together with the electric _notor 11 as a

dri vi ng ¥or cEC§ahérht FRYCUAREABY WGANS b2 HRSEREBed I 0P a7 Rpgition
under st andi ngrafbeosR€ad unit 45 that transforms an output of the signal

processing unit 23 into a corresponding angular position of

the rotor shaft 13; an angular velocity transforming unit

47 that transforms the same output intoa corresponding angular

20 wvelocity of the rotor shaft 13; a phase adjustirig unit 49
that adjusts the phase angle of the output of the angular
position transforming unit 45; an adder 53 that adds up the
output (y.) of the phase adjusting unit 49 and the output (0)

of the angular posit_ion transforming unit 45: a sine

25 calculating unit 55 that receives the output (0 + ;) of the
~adder 53 and calculates the sine of the output (sin(0 + ¢5))

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 wvelocity calculating unit 47; and a multiplier 61, i.e., an
angular velocity multiplier, that multiplies the gutput
(Gzsin(6 + ’ll)é)) of the gain adjuéting 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 ) incj.udeéfan angular

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




controller 39 includes a desired angular velocity pattern generator 65
‘that generates a desired angular velocity pattern 20 in which the angul ar
velocity of the rotor shaft 13 is to be controll ed, ﬁﬁﬁmgmgﬁﬁgp?qed t or que
calculating unit 67 that calculates a $Becified torque to control, the
angular velocity of the rotor shaft 13 so as to vary according to the

desired angul ffcYELOCL L PALLEE OO0 LPG RS R aOby iR, ARgheaPasdidetaut puts
of the desired angular velocity pattern generator 65 and the angul ar .
vel ocity trabsdoshopgingiunid747. Anpheeemdadis ting unjt ddhpébptediwisati on
adjusting a , S e ke ctd t specidéedc i que
cal cul ati ngdﬁlg‘%t pg%@%t h%%n% t?%l %El(rze Gdilyg%tggt %gt 3’%1?% gggﬁstai n B 30 unit 57'.
The drivi ng tesnggouBingdinidedsaseorivaxddar 69 'f bhat P het HEERRE power
recei ved.from.the e- e rgg 4l niR.C opgli nge dc
pover . afd anPt bt Ca P A A e e g D) e
converter 69that ANGwkdes ARl htEaNsKYI@ing poRdit oAStRe. BasTEdf the

35 respectiv f 2 5 gagul rleQsi i Qn £
transform nggﬁﬁ%i?aéiggs%ﬂ?ﬁaﬁfﬁ{eh%ect r ilén%o_t or f%t ener(gt eswlg) t%r gue
equal to thetbeatpdfesf Sheadddedlonlatiee theoeting of eHHRe 28Beitoo 71

I ncludes a fé%&'&ggéﬂgbagﬁg'ﬂﬁf@'uﬁli&ﬁ? '7§hfgggiuf%:[£é§thémﬁﬂpﬁ@(sih(6ng

angle on the basis of the output of th ler 68 and the outgut of the
angul ar 1fosi ti¥n h pANEHS SHnGgCHHTRLaitng YHd; 3t i By athaddHgirRASpS3 1 i on of
the sheave 3@, soThkaphhsa ddywea-iphpanitcisuy rert adeeessar yarfdrhisheivtectric

notor 11 to nerate a predeterm ned torque is supplied to t tric
not or 11, an‘aggc’tlfrll?fi'ilggoﬁnﬁgi %g730f)ﬂﬁttlg Bl iaest%lé)qorh%egtﬁfh%sggﬁgﬁégﬁrent
to the el ecteatcubadingldenicespdhse to the output of the firing angle
control unit 75. A singl e-ph . 77 | i

necessary for thelg%%rs ?%1 cggtgﬁgl\%%brggﬁ%r?sé&%%ﬁ&gl £§H§8 éﬁﬁgggﬁgg%
control l1& 3%eand,t aeddtheidgivded devdde U3 thet bfekvewi hgaptbek WikBrans,

lines with ‘a"Ph@r é?&’cEEEEeﬁgﬂgrSiﬂnéé a driving force generating means

~will be described to facilitate understanding. The speed
controller 39 includes a-desired angular velocity pattern
generator 65 that generates adesired angular velocity pattern
20 in which the angular velocity of the rotor shaft 13 is to
be controlled, 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 resgpective outputs of the desired angular veldcity pattern
generator 65 and the angular velocity transforming unit 47.
An .adder 68, i.e., a composite vibration adjusting adder,
adds up the respectivé outputs of the specified torque
calculating unit 67, the multiplier 61 and the gain adjusting
30 ‘unit 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 electric motor il generates

a torqgue equal to the output of the adder 68 The inverter




lines, and thick lines represent power lines around the 15 electric notor
11 and the vibration controller 1. The el evator system5 includes guide
rails 79 installed in a vertical position by a predef%§9ﬁmﬂ§$rﬁ89%od, t he
noving object 14 that noves vertically2® ong the guide rails 79, a first
rope 36 having one end connected to an upper part 20 of the noving object

14 by a predeterftnade BBhNedrihiae a5RARY & ord £cANGNA tSeCONdHy Sheavs $1 for
inverting the direction of tensionthat is induced in the rope 36 in
bearing the WRYHhELOBEHHANBUIAG Vbfbetbasis af dhmeBERBEGH tos a¥ffect ed

to the othesgenta ahd b@tFQmeoé&m shdiedetesnined PELASH-AASnGaMNY 25 a
to the tension _induced in the ro 6 by the

wei ght substggti alrlr%i%%u_a e 36

wei ght of th&”nBvh g the an@elar pesditdonpf dheigheavecthfa e 85

havi ng ome eadtnpssephedet &cachprehrt PAEésOiry hEoFOMIdE DOt esic Ifotdd the

ot her end cogfegged to %he counterwei ght 83 by a predeternm ned nethod, a
3 §8€8

second sheav 8 9BGLRERJAd PR IETET R foggEeg s Sa fPRRAGES eF Dt ng
turned Ey téﬁzeemadndswﬁ BB, md% of _t&@&g%&@iﬂqg;ﬁlﬁeﬁfewM g@pﬁlﬁés Dy !tsI
own wei ght, a sheave. support vice capabl e of danping the vertica
novenent of ?ﬁﬁegég ﬁﬁe§ﬁﬁé8§3§5ﬁbgﬁsﬁﬁe NPT ‘%EPF&Figﬁng? f#ﬁP?%ﬁﬁion of
t he second rbpetBé antpdb of tkstfaiingoahdibe S€SwiMLBheave BF. from
~transvense novenens. _.The noying object 14 includes frame .91 having a
10 2& sm@\% - % é mﬁr

(i gidi Ly O sutfi ol ehi BN RERSRA 5 { BREPb B Fed’ { naPBBI 6T (RS Topes 4
Sept enber 2006cefdaBy Bond 8Ly opercdiraal lo€r thei v$hHa3thon angetiralléhel f our
corners of ppg %@&?& génézooﬁi’éxdessf '%%éfpc‘ﬁ' g d4;akong Lhe gyl degfalls 79,

or gad incl ading

an el evator car ] carryrng a ersons, "and a suspensi on
97 that intefebpewingblockibimasmn binss wigh-#dn eguew oy premgintusi gred 1

vibrations of;fhe, ' 8Ras P AN 1 AR tﬁéﬁf@&ﬁ@%&&éﬂ‘ﬂl%e@ ddfuff e and

supports the car ¢ the frame 91. "An accel eration neasuring device 99,
i.e., 37 acttPeinitonohenshti My nEansvibsabiomcorntrolidle tar 95, i.e., a

~driven object, by Phdeadebebr Hechk dREhotk1 P aaYE. rails 79 installed
in a vertical position by a predetermined method, the moving
objeci: 14 that moves vertically along the guide rails 79,
a first repe 36 having one end connected to an. upper part
20 of the moving object 14 by a predetermined method, the sheave
37 and a secondary sheave 81 for inverting the direction of
_ _tension that is induced in the rope 36 in bearing the weight
of the moving object 14, a counterweight 83 connected ;to the
other end of the rope 36 by a predetermined method and having
25 a weight substantially équal to the tension induced in the
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 apredeterminedmethod, a second sheave '
30 87 suspended by the second rope 85 and capabie 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 h_aving arigidity

sufficient towithstand a tension exerted thereon by the ropes




10 the vertical acceleration of the car 95. The output of the acceleration
neasuring device 99 is transnmtted through a cable to an acceleration

_di splay 101 disposed near the rotation _calculating nebpePtapbesgd0c2' . The
accel eration display 101 records the valyi ng neasured accel eration on a
recorder chart. 15 The electric notor 11 is nounted on the base 29 and the

secondary Sh@@%@%s‘ Sgﬁy&@%ﬁ%mnmg é’ﬁ@r%%ng@ﬁ%@%égouf%cﬁtﬂéi@ed to

a nachi ne bed 103 g/ pr edet er mi ned net hod forma nmotor unit 104. The
machine bed 2b3the IJ(i3é1t53‘<':1l9lle15|0 Pl de ttélﬁ l“PHéPglb‘? adfong Bhel avh@e Tt S hown,

and is suppov@echrizgleﬁ}art%b@&\élsbfafId&!}fﬁ@ﬂgaaolro%dl@ﬁcﬂa@ngeﬁ&r&ﬁw sheave

81 can be rotated by the tension of the rope . The sheave support deV|ce
89 incl udes atBedr ISHFPEIF1uphor Fral %ﬂE‘%ﬁéE@é ghrer fran@mdSsIen

sheave gy deméﬂlfhaquaﬁcgfeir@&gft@ﬁﬂ!ﬂIﬁg)mltdaﬁs QEPeBist §o§é§e§6 nd he 25
i de the sheave 87 for vertical nopvenent. he | ower end of

bearing 109 t grli
t he sheave gﬁ?d 1q4Th sThe BFATSD ThdDdPeorATr PEoRRG18UBPOFRE TR ISATg. The

operati on of 9§ ke MhdERRNEN ICONKHA L ekaith onlifeddusing aabodementi vd | ) be
described. 30 In a waitjng state of the system where the drivi devi ce

43 i's connecPBAFEIFEAHHP R MSAMEI L I5EREr 1D A ERFLR] (e the; E‘F“gt
controller i%.eonneaed: dr0 obliecti, B a piask tRG-nfiowsr memuﬂcedrﬂeagﬁma

vi-brati roII t he spee ontro nd e |V|n ice 43
are in g*g’er aﬁ’ Jé#dcgi‘% A e[ﬁad%“‘a“rbio théed‘é@:re Pf‘éﬁ’l PBI o‘gf‘?@"epattern
gener at or 65acee2eratlonhmeaagniag &edmcetw o:tsttmmmmtemalfmrdlﬂghazero
When. t he ngu tor er S,.a.4

Sept enber 2 %ﬁfg %tarq%pe(zjg;(g g%‘e’%fﬁé& al¥ ‘?Egaga eﬁ]@%tsl% own in
Fig. 4 and chbcamguiag et Gy aofi €he. déisl'ler astcatigm‘laa:nomeﬂmsplyy Hiarts

noreasing, H06oRAETHY Ly AlOHEAGALCH R iopthy o SHBB S Ay

specified torque to e electric not or
the pr edént angul a‘?hqeﬂgﬁqumcbmoﬂ:pg 11 is mounted on the base 29 and the

secondary sheave 81 is supported on the bed 29. The bed 29
is attached to a machine bed 103 by a predetermined method
to form a motor unit 104. The machine bed 103 is installed
on a top flooxr 107 of a building, not shown, and is supported
20 on rubber vibration isolators 105. The secondary sheave 81
can be rotated by the tension of the rope 36.
The sheave support device 89 includes a bearing 109
supporting the sheave 87 for rotation, and a sheave guide
111 having members extending on the opposite sides of the
25 Dbearing 109 to guide the sheave 87 for vertical movement.
The lower end of the sheave gnide 111 is fixed to the bottom
floor 113 of the 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 controllerxr
39 and the driving device 43 are in operation, and the output
'35 of the desired angular velodity pattern generator 65 is zero,
the angular velocity of the rotor shaft 13 is zer_d. When the

.desired angular velocity pattern generator 65 generates a




rotor shaft proVi ded by the angular velocity transformng unit 47 and a

- desired angular velocity provided by the desired angul ar velocibg
i ed

generating unit 65. The specified torque_ calcul ated h&sﬂﬁ%ﬁgﬁég
torque calculating unit 67 is 10 sent tﬁ?ough the adder 68 to the driving
device 43. The firing angle control unit 75 controls the firing-angle of

the thyristqirapiidi gD adehrbainddgn el eebei 6y MRitderhla geneial €6 File
specified torque. The inverter 71 supplies an excitation current to the

. p
el ectric notbraidl thed s larevelreifdt of Hendietved RRoE-adn d&H%4d ¥ or que.
Consequent | ygt 46 SheawRisIhd0¥nbeshadi thed todig@le sAatt1dBisyanist 6at at i ng.

The rotation of the rotor shaft_ 13 is transmtted thé uggll_‘th rqtation
transmttinFakerieees ¢ shecihked foFauent? Pe19°1 o ¢ he ?”é(s ‘?/éeﬁ%%.rlf“ne

si gnal, Qr?%a.scbh 'flgiulahttlaé Hé”é:&ﬁ%f}t hﬁﬁq&ﬁmnﬁ/@?@?garaeénbﬁiﬁg‘dsf)ltmz t he

i ncrease of the angul ar position of the rotar shaft 13. _.The ul.ar

posi tion trdrRRFF rﬁ%h@fﬁré)xfo‘ﬁ%d‘?‘? 6 f e e 2T HPRE NS ttggf'éls?f&?rﬁélgsi gnal
processi ng ugit 23 amd @ & 2rgubagulp@sidicdl of prbeideday shafdesliledand t he

angul ar vel oci t transformng unit 47 transfaor t he out.put | t age of the
25 si gnal pr%%‘g%??lgv?ﬂrﬁ‘flt@é G & h §iat r536| ot RS loera/(%eox’%%) e, a

pseudo-di f f efend b BaABEA THi Shangpe @i £ ved oodtgue caled dldialy tmitthes ' S@geci fi ed

~cal cul at} ' 7 I h i QI -
Lhat ¢ hi0r oradihhesBich (e 6RASR L B sigs ShH REVLRE AL ° SRR RS The
desired anguiregleeboticdy w30 tpzh cenhrehswheifiifing angldhe thendiyrigffon he
rope 36 woungd, ; ALQUNEH DRARIGAE 8t £ hb2BRMI b et o dDentiyddiy oI #Ct 14

to raise the noving obj ec esited speed varying according to a
desired speedtepaue er I(Theriigivestshiold sheplaefashopkeitathen Leereraitdn of

the moving @Célécgﬁ‘%/é Errl]cgél '113d%n|df th@eeigéﬁiéflc%otér%enéf@té@tﬁ{é ng

menber, is ynam c al anced, a centrifugal force represented by

Expressit8n (Feetfiedrtommuece| efanspadgatEm Thesskpayefdrownbed opsthe =
”Tm(4) rotor shaft 13 starts rotating. The rotation of the rotor

shaft 13 is transmitted through the rotation transmitting
devicel9andtheinpﬁtshaft17totheresolver15. The signal
processing unit 23 raises the output voltage according to
20 the increase of the angular position of the rotor shaft 13.
The angular position transforming unit 45 transforms the
output voltage df the signal processingunit 23 into an angular
position of the rotor shaft 13, and the angular velocity
transforming unit 47 transforms the output voltage of the
25 signal processing unit 23 into an angular velocity by, for
' example, a pseudo-differentiator. This angular velocity is
fed back to the specified torque calculatingunit 67 to control
the rotation of the sheave 37 so that therotatingspeed (angular
velocity)oftheshéave37followsthedesiredangularvelocity
30 pattern shown in Fig. 4. The tension of the rope 36 wound
around the sheave 37 is transmitted to the moving pbject 14
toraisethemovingobject14atdesirédspeedvaryingaccording
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.




(Refer to "Summary of the Invention” for the significance 5 of quoted

expressi-ons.) Consequently, vibrations are generated about the center of

ogravity of the nmotor unit 104 supported on the rubber 4 Jemberaler 3H0% sol at or s

. 105, a vertical vibration conmponent, i .e?3a vibration conmponent in the

noving direction of the noving 10 object 14, of the vibrations is

propagated by the rope 36 to the noving object 14. Simlarly, the vertical

vi bration conponent is propagated to the counterweight 83. The vertical

‘vi bration conponent is propagat éd=ft her by- t he &‘Spe 85 to the sheave 87 -
Thus, the elevator system5 is noved vertically. 15 A vertical shaking

force acting on the notor unit 104 is given by Expression (5). FF = f

sin(O +ip) .. (Refemsto g SNnmany of ftdec JUVRRTI% s Tox the sdorgisapeer 14,

due to the tgrarptss @xpeddi®mbove shaking force, is given by

. Expression (6), and, the noving object 14 vibrates vertjcall in a

vi bration node shoW?™Sea8eRtly - Yibrapkeys éE?igﬁP\‘Kﬁé‘itﬁ(ﬂ(ﬁi%L}%Fg?C@F?r (6)

| f thg novi ggafotgleﬁiiﬂyfl dmu%]yi:bdsa&‘_esmlwttiloal byppbi:tfed 'ﬁhet&@mubbgm‘ovi n%4

at a desire Vi speed, the rtical . vihrations of the nmoving abject

'S Crane ot S0 RS0l e 8 f B TR TP EL ShPOBBORBHAS s for| <

ride qualitya gieatlitjonThempbheati dm doninoolingr direttibe @f adenmovinegnt i on

‘adds  the,out put Qf .the rotatiaoqn.calcul ati.ng_neans to t oyt put . of the

apeci 11 L0t e A s v, MR L aFoRRbTed B Fhek tBY; 32

gi ven by Expriesshenm¢éinghalt jectbrist.essStihélirSept Bmderer20iltal X4 bmwatiing

object 14. T 0, i i i e Is iven

fo the angul ST BSERRltGh PrOReparah ool HEGRIELES S "ERE R e

angul ar posi Midrai@pemprovpdegnbyistpropagated Hudindmhyt thastepeidigtaonit 45

32?t a48r eg ﬁg%ﬁx@ Qfche §PasemA! Enb &1 aR0RyIe Y1 L REvRARRS 34Ty Y
15 A vertical shaking force acting on the motor unit 104

is given by Expression {5).
F =f sin(ﬁ'-}w) ..... (5)

20 A shaking force that acts on the moving object 14, due
to the transmission of the above shaking force, is given by
Expression (6}, and the moving object 14 vibrates vertically

in a vibration mode shown in Fig.‘6.
25 F,(s)= Li}nrca2 sin(6 +y )]H ) ... (6)

If the moving object 14 thus vibrates vertically while
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 ridé 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 torgue calculating unit 67 to cancel out

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




the sine calculating unit 55 calculates the sine (sin(() + VA) of the
output (0 +V2) of the adder 53. A present angular velocity (w) of the
rotor shaft 13 provided by the angular velocity transfoRemRerglde 47 is
given to the nultiplier 59, 10 and the madtiplier 59 cal cul ates the square
of the angular velocity (0)2). The gain adjusting unit 57 nmultiplies the

output of the sine calculating unit 55 by a predeterm ned gain (&). The
mul tiplier 6TOMEPEIPRIKEL the gmepﬁ‘c‘tﬁ‘flttoﬁeth &° aﬁ&f’gﬂqecﬂéjr%ﬁ??séﬁl’@ t he
square of thReafguteriye)iadd YolbhéWdlgpray ipded diyn heanslfbirpingrubdt The

output of the nmultiplier 61 is that of the rotation caa ulatir_\g gegns C2;
that is, the4PotEReHI¢ar & 4ARRGUPEHhERE 1EroRPaLELPRe e REPY 16

cal cul ati on Bkt JUIHE PSS 102) t rails fdihidPuRst mM(eand)a pPedéfethingdi n G2

and the phase_ difference P2 in Expression (2) are equal to atgﬁl n-km and a
phase di f¥er Eﬁééeﬁ%ﬁb?éébédpr%‘ﬁl‘%‘(%rk?sgpﬁrpr( 55 & ﬂugfé??f et SakfhG force

acting on thendSs{myidd RNa2Ghgldni 6 s6aREEEh Bl OItthet fibnaqwiing 6obyesd 14
does not vibrate verti cal Ié and ascends Sa%fthl Y. gn: HdbrT£:+Yx-%/c (13)
Gdb 30 k,,, 9Ff fpe ogippt (U + Yak)oRdie @tdfoity 6oPEEEeRE FRIVGET
gesg:eng, a dleé'[l.begt@ng:di)abf ¥YREOBOtyr PHALE mmmmﬁmmpmmi phyiihgrt he .
esired angul ar vel oci atfern.s i | TRLLNE ner at e
by 4 SeptenbgPlfﬁerZY gga?ﬁéxﬁrg%? euduétngg}l\%r" E{}Le‘}l%git?yﬂg%tmt ern gel%gcr g?(’)r 65.
In this 16t abedaktbe, mtthtipélieri bhscabpubzient cthd s dogireodi she argnlaznd

(16) are valid., Thereforne, t condition represented.by LO 14) is
satisfied 'anHeI]ré’ﬁéL % h(énzﬁbvi ﬂgeogfﬂér&ta@lusggﬁgsgg%gsSgn%gﬁ%ﬁé%s.?hé

., Q(s) If thutphsaed Ihemsimeegadeulpsingt ynighsft bysa predearmieced 10
the sheave 3g.i§ fefed dife MRYEAMA LYY Yl DI t8R! output of the

gain adjusting unit 57 by the square of the angular velocity

15 (w?) provided by the multiplier 5%. The output of the
multiplier 61 is that of the rotation calculating means C2:
that is, the rotation calculating means C2 provides the result

of calculation using Expression (2).
20 Fy=G,w*sin(60+yw,)  ..... (2)

If the gain G; and the phase difference {, in Expression

- {2) are egual to a gain.k, and a phase difference ¢ expressed

by Expression (13) or (16), the shaking force acting on the

25 moving object 14 is cancelled out, the moving object 14 does

not vibrate vertically and ascends smoothly.

k z"“H—_mry ¢=w+yh'"'y6 .....-(13)

30 : ky=-mr, ¢=1 S.... (18

_ When the moving object 14 is to descend, adesired angular
velocity pattern obtained by multiplying the desired angular
35 wvelocity pattern shown in Fig. 4 _by -1 may be generated by._ ,




.'_ rd sin(Bd + "y d) ..... (17) A shaking force due to Rep

displaeenent given by Expression (17). This displacenent, sinmlarly to the

centrifugal force, affects the operation of the el evator sys 15 zd =
v S0ent i o

gi ven by Expression (18). The shaking f2%ce causes the noving object 14

to vibrate vertically. 20 Fd (s) = L[rd sin(Qd +yid )} D(s) ..... (18) The

vi bration controll er t ent, J.nvention ad tpyt, he

‘rotati-on calghﬁa??ﬁbrﬁga%%g %fﬁ”jahpputerBSQ e%%%ggﬁgﬁlfled % i

cal cul ati ng etiattebalso, caheekeaatlbhs sh@keagnteﬂceygExeneby1EnprééQDon

(18) that vibral gm o TBYLHY MELLefe THE 88£8Hf1é§)ref AU APy

vel ocity 7 isTgrve e angu
transform ngEu@mtesﬁcm (Lhe M(Htﬁﬂflaﬁ@mdjpeaneaﬁg@lmvm pdsiiecitoh 4( 0)

provi ded by t.he angul on transformng wunit 45 s and a
pr edet er 8eﬁﬁ§ g%a%gO%&%@') provided by the phase adjusting unit 49",

. and the S|ne cal culating unit 55 calculates the sine (sin(O + tpi)) of
“the output (0 + V1) of the ad?& The gain q mpstlng unit 57

mul tiplies the 35 output of thé e%ne“%a1culat|ng unit 55" by a
predeterm ned 4 Septenber 2006 26 gain (Gl) to obtain an output of the

‘rotation cal cul at g Lans,y &3y doPtng 2beulakit 17ingckuRRess o (1)

is provided by the rotation calculating means he angul ar pgsition
5 and t he0 angdiearshesiorily b1 £okcedt be eﬁaetveetlﬁeblz bY & Weotisgd)

cen (1) Ifatl%l%ameﬁlt %ﬁaehhﬁypﬁﬁﬁﬁegb%ﬁr ENEE. V“i‘hl'snd@é@'flﬁ%%hn@ﬁt 10 (1)

are equal to a gain phase fference y'd expressed ExpreSS|on
(24) or (26) smﬁelaéﬁazkltﬁg Bher cerdaiifvgadn foree . nﬁxfifﬁé‘tébjtgé’t O?E L 1o

cancel | ed oulpr the EdRG ADjREtehd sdoes not vibrate vertically and
ascends snoot hly.

15 zy=rysin(6, +w,) ..... an

A shaking force due to the displacement is given by
Expression {18). The shaking force causes the moving object
14 to vibrate vertically.
20

F,(s) = L[r,sin(6, +v,)]D(s) ..... (18)

ThevibrationcohtrollexﬂLofthepresentinventionadds

the output of the rotation calculating means C2" to the output

25 of the specified torque calculating unit 67 to cancel out
the shaking force given by Expression (18) that vibrates the
moving object 14. The.output (m) of the angular wvelocity
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 (yh) proVided'by

the phase adjusting unit 49, and the sine calculating unit

' 55' calculates the sine (sin(0 + ;)) of the output (0 + ¥1)

of the adder 53'. The gain adjusting unit 57" multipliies the

35 output of the sine calculating‘unit 557 bf a predetermined




15 kd DdaYd, od =d +YD Yc ..... (24) &b kd =_pd'" od -7Pd ..... (26) WWen
- the noving object 14 is to descend, a desired angular 20 velocity pattern
~ obtained by multiplying the desired angul ar vel ocity 4p¥ptesthsr & in Fig.
4 by -1 may be generated by the desired,angular velocity pattern generator
65. Thenoving object 14 descends snnoth?y. Al t hough the vibration
controller 1 in the first 25 enbodinent has been described as applied to
controlling SReD conpband brdm ar utpiuiret tbasadfattivn oavéoyabbheakahd due
to the dynagizc .unbal ance and eccentricity of the sheave 37, the gains Q.
and Gl and the phase differences *2 -kP1 can be adjusted by the follow ng
adj usti ng procedur 86538 t(a¥ caliculisd igm nsigd Expa-e@lsiand (Lhei phaseided
di fferences vyRzhard thj.s e, the acceleration
di spl ay di spl gys ver??ggFﬁvﬁ%%é?%%@%?e?ﬁg ér?ov?ﬁ%%tgtﬁ %%?&%P&?l%ﬁ%n in,
for exanpte, 3Bdgthe gpgaler medecitat ofhdle TotoR gha&t 33.(2) The gain Gl
is increased gradually, and the noving object 14 is raised and | owered
repeatedly until a change -- - ----5------- I 4 Sept enmber 2006
27 occurs in the anplitud€eor Gial&eri) cal vibrationdl) (3) The gain GL is
fixed upon the occurrence of a change in the anplitude of the vibrations
shown in Fig. 7.'(4% The nmoving object 14 is raised and | owered 5
repeatedl y while thE Pageini¢f erdridee phpgeidiciasetce (deor Bapedysiand t he

~phase dilfd er engeand douall X8tk WRAM kD& nadgGHLARE a9 £L0E nYIP) ] %ég?r e
vertical viby thons of.the ving ogject 14t o a mni mum '{ ke ﬁQV|ng
object 14'is ?ajﬁ%ﬂe%ﬁﬁoPoﬁgykd’ 1#5)eptheetingkimg | oxer agiingGen the
increased (deevéagem)jeandd tibecgatal aicutl x8e #EOInk e fesr aasgoel the

anplitude of ot vibrate vertically and ascends smoothly.

o 7 .
15 ky = “‘"é"dird’ e =Ys+¥p—Vs ... (24)
db
ky=-ry,, 9,=vw,  ..... (26)

When themoving object 14 is to déscend, adesired angular

20 velocity pattern obtained by multiplying the desired angula'r
velocity pattern shown in Fig. 4 by -1 may be generated by
the desired angularvelocitypattern generator 65. Themoving
object 14 descends smoothly.

Although the vibration controller 1 in the f£irst

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 Y, and Y; can be

_ adjusted by the following_adjusting pProcedure.

30 (1) All the gains G, and G; and the phase differences
P, and P, are set to zero. In this state, the acceleration
display displays verticai 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




vertical vibrations of the noving object 14 to a mninmum This operation
makes the gain GL and the phase difference , coincide with the gain kd and
t he phase difference d, 15 respectively. Thus, the ver%ﬁ@ﬁﬁnVﬂﬂpgﬁions of
the nmoving object 14 due to eccentricity7are cancelled out, and the

vi bration waveformshown in Fig. 6 is displayed by the acceleration

di splay 101. (6) The I ng obj.ect. 14 is raised and |l owered 20 repeatedly
cuntil a_chanﬁ%céEfuﬁgnﬁﬁet%@é%ﬁ%¥¥h&g 5P9J¥?ék¥¥$1GEEEFEBPEFronS shown in
Fig. 6, while the gaijn @eigahin BcLeasesdgupdiatey/octdyrdhes gdi acEanige fi xed
upon the occurrence of _a,chan In the amplitude of the_vibrations shown
R g6 oah BReTARRI e 8 stb PABeTians hein Judigs Trepoat odly
whi | e the phase di f{ér entre 1 md2iirg; | tbfjeased 4 (flecreased) ,amdd Lolverplase
difference "P2 is %@@Fd ugog the decrease_of the anplitude qf vertical
vibrations of *PRELOVING" bbF edt®4PPESE i et R®R (b) HFhe *REVERGOD] ect
14 is raised(aaserkeoweided aha@peakegh¥swhilierthengai i, G IS HdiCi@asedhe

(decreased), and' _ the in ] | xed_upon the.decre | i tude
of Cvertioal GBrBearEor e B S o T AL 1 BREERRS o A ORI
~oper ati on makbgette lgaito G2 meindntive phase difference P2 35 coincide with

the gain k, and the.pghas i . e 3. espectively.. Thu t | ca
vi-brations of the gg@ingfh%bﬁggé' 4 %ﬁge?% gfﬁa%$c§%ﬁﬁ§%5n%%daggw%g%?élIed
out, andl® Sspresitedly0ohiles thkegadoeleris iigroneaagdridesiroasadl,, ead

exanple, Fig kS indieS P aved ﬁgﬁ I L o0, i Tk {kxaenakl e the
confirmati 'ontg? %%(Ja'nelbf‘_n#%at_l o‘%i,o'?i t ﬁ%rﬁ%‘% Vi E)Bréaﬁﬁsa. Tlu_s,c_l%t he

vi bration coWerdifcéd vibratiens oft tdehowiviiga otgesll fidndtes MASLPEM-i cal
vibrations oip,lile,gRYLRGABhEELs Ithe Qb &, L41Ra DHLARKG SUNBAE ADEE, &8
eccentricity o? tﬁggsﬁeage %% Attributabl e o the %%cﬁaﬁ?ca |naccu]acy of
t he sheave ¢oincide with the gain k4 and the phase difference ba.

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 1is 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) Thegain 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 1Y, is increased
(decreased), and the phase difference . is fixed upon the
decreaseoftheamplitudeofverticalvibrationsofthenbving
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

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

object 14 due to dynamic unbalance are cancelled out, and




37 through torque control. Therefore, the required performance of the

el evator system such as the grade of ride 10 quality evaluated in terns of
the acceleration of the car 95 , and excellent ride dudsAeHPOELR%e i nsured
wi t hout depending on the rigidity of th@&8el evator system and machi ni ng
accuracy. Since the elevator system does not need special reinforcenent

and conponent I gh-s th teri,als. the elevator, 15 system
can be const rtutgéfe a%tslﬁq%vgl(?glsﬁgve%%%ﬁnogg thhén\'/ig?lét?%?f“%%%t (r)%Jr‘FEr TS5 n the
first enbodidismtlayedrioyi bd wictle lehettive rditsgtliagn bl cubakinag leeans: to
deal with th ’ L ver ti A |.ons_ of nov,i n Qhj.ect. 14 due to
dynam ¢ bal a?fce an ecco\éﬁtotffi gﬁ y‘?i)?ﬁ]@%éfgl nerszgﬁgfv?%fla‘??]Ory bﬁ%tlfloaﬂsl ng
means is not |imtdhuss thweyvidmdtilba cantrekianl donthefies trambdbingrdyi ded
with any Becessgfy, b f (5 ti ns. correspondi.ng to

t he nunber of gillnam cal h;? 3ﬁégﬁ§%éegg8r%%l§§§é%t }r)?gﬂg%f}%&‘irln%gn%?b eec?ts.1 he
dynami cal | y dhisaltantbe dvwciamte ambdlancs andgee2btmenhey 05 tioe dhiarveed to
t he sheave, tjye&m@&a%ﬂl bal.an - of ' tati may
be any nmenber, such as t e)(3 ?Egt gkgoﬁggﬂgﬁg 3%%&%&%’?%‘%0 %t%g@%ﬁe
rotatingnoti oY nddnaighy feanyei scpndricded ihdrefre esdilver radigred
const ruct | on el ddii AbENhdTRL9R 1 oI0YRASK! IUHTREMhd $:A0e bET A
thereto and various changes naybe ma(?e I'h the rotating notion nmeasuring

means. FbY ex&HRELY £eii@tadbrin dpme off denacmaleyad ivol tafyethe car

proportional giso aﬁdﬂ@xaaqmbaﬁ:_r\&eié)@&yi% chii®d I r&d@h tnBRY Rpdihithg
Mor eover, -altho%gh the rotation of the output shaft of 35 the electric

motor 11 is CPaMRFTHEEY eheheR BT EVERSHIand RAcHLDLEE AT HIRFR -he

i nput shaft Hince the d1evaitoroéyshem@sd N8t neuiCEpdc Bl hed o msdmgh ¢ he
rotation - ---- ==--- -=-- “------o- ---_---- 4 Septenber 2006 29

transmitting *FRTEPRLEHICTRETF SFdt L trarsidtactentals akbe efpator
restricti®mns sgms tiee daor meofcdnat muettaid @t tiddh Jastts .ng
Although the vibration contreoller 1 in the first
embodiment is provided with the two rotation calculating means
to deal with the compound vertical vibrations of the moving
object 14 due to dynamic balance and eccentricity, the number
20 of rotation calculating means is not limited to two, and the
vibration controllermay be providedwith any necessary number
of rotation calculating means corresponding to the number
of dynamically unbalanqed or eccentric rotating members.
The dynamically unbalanced and eccentric rotating
25 member isnotlimited to the sheave, the dynamically unbalanced
and eccentric rotating member may be any member, such as the
Totor of the electric motor.
Although the rotatingmotion measuring means isprovided
with the resolver, the construction of the rotating motion
30 measuring means is not limited thereto and various changes
may bemade in therotatingmotionﬁleasuringmeans. | quexample .
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 tb the rotor

of the resolver, such a m'e_thod ‘of using the xrotation




device 19 and the use of the input shaft 17. For exarfpl e, arotating
noti on neasuring means Cl' may be an optical encoder 5 119 includin

g
‘serrations 115 cut at equal angular intervals in an &éReEpiaRkerdf0& he rotor

shaft 13, and a signal processing unit 2% provided with an optical sensor
117 for detecting the serrations 115 as shown in Fig. 8. A rotating notion

nmeasuring nme ar. be, such ca | e of transmitting 10 the rotation
of the rotor a{;ﬁaa?“fmjlgg%/%? Stight s ?@I ?’%&%FHP%. shath }HURePoROt RAAGH tti ng
means, to a rayaryesrcocetod?3oasths howm idE Filgs Dt idoughadtde milbiati on
controller 1,.the d traoller and _the driving_device 43 are

di sposed sepaérl% %?%?P&l?(?ﬁt}r% 4% Orgt%hz?nfrnpggt FF‘{#itogg ‘orf YhXMBfyenent
and pl aces ofatrhéatibgatooionaasoklieg mkanishel spagbcanivpelican df-and t he
driving devic i NI bration.cont | er be .entirely or,_part.l

i ncl uded ?n t eélgﬁlec-égl%cl\c%lr#rso Irg:%lc())lnst ?1215 't \r‘}ﬁ%SQH@‘V}i %’ég‘éfa‘%lﬂélﬁ%vraé[gon
control | er anth @meepfaeart 2(f tbatrotdeshay bB, iaod adesdghal tghe Ebd adbintg

devi ce. Seco ]I_E,grbé)éj.i vi br.at,i ontroller 1' i 1 SEeco enhodi nent
accor di ng tonglhe pr esgn{ Wi%/eedn?{l?# \%VI%] I%PE%GS Naghdl a}?htsmié{]%‘?ce e to
Figs. 10 and the s#weratbensi bhdcestshévmrin Figt he. f ix stotemtbiod) neottidrs

provided wi t hdhe, L g QN lcyl at | reaps, C2 G2' on an
assunption t hat&ﬁue r%?[g‘%%%edlne%g b%ssPég géngén‘%)%g?'?ygﬁn yal Bnce ,1ng
eccent ri & 9sheldhe Totatipheod theatd bor cdatfitol 3 dmrpugina tivel lsec bAd , dntsodi nent
will 30 be descrdbpdics EPpheROE G ! Ly ag ) f stem
i ncl udi ng dynami cal | y unbal anced sh%aves&%'? %dé Q%%&S%‘%‘?ﬁ% ylﬁjavﬁg
negligi bl e ecti®i¥? t§i%¥$: The vibration controller 1' is provided with

‘rotating notion negstHduigh Meas Gipaadith' Eespesiiuel viforpneasyyddyy 35

the rotation of the sheaves 37 and 84, and rotation calculating means C2
and C2" of tHERERIGNA? faditroATivingdsyiced nge dispesedsenaeatsaly .
correspondi ngtHexd Rasendt Sapf @dairi2dd6ns on the arrangement and places

of the vibration controller 1, the speed controller 39 and
the driving device 43. The vibration controller may be
entirely or partly included in the speed controller or the
driving device or the vibration controller and the speed

20 controller may be included in the driving device.

Second Embodiment
t 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 two parallel rotation
calculatingmeans C2 and C2' on an assumption that the rotating
member is the dynamically unbalanced, eccentric sheave 37.
The wvibration controller 1° in the second embodiment will
30 Dbe described as applied to controlling the vibz_:atibns of a
system including dynamically unbalanced sheaves 37 and 87
_respectively having negligible eccentricities.
The vibration controller 1' is provided with rotating
motion measuring means €1 and C1° respectiv'ely for measuring
35 the rotatiori of the sheaves 37 and 84, and rotation calculating '
means C2 and C2" of the same configuration. . |

InFigs. 10 and 11, parts like or corresponding to those




30 of the vibration controller 1 in the first enbodinent are denoted by
the sane reference characters and the description thereof will be omtted,
- and conponents of the vibration controller 1' differihdenteinkesad8®s ucti on or
function fromthose 5 of the vibration ceatroller 1 are discrimnated by
attaching or """ to the reference characters fromthe corresponding
conponents of _t ?6%ibratiqn controller 1. The rotating notiqn neasuring

£ VPR TR SRR TPEG T Aciddithg & 1%iSte SHEPAIBENEhETEheave

neans O' haS a )
87, i.e., ldeaoteidabynghdreaher rePéoyhded:ndridttead aharditgasstiiptravhanged

at equal angular intervals about the axis of the side wall, and an optical
device 117 i IeE(?é’g:[ i""f'?‘]zail z?egn%ﬂ'“b?%‘f’es%ﬁ“igcoﬁﬂ?f‘e’?? 8t §Eﬁe31g5a$f’r8nupper
end of a beariongrbld vyl adiffedehgrim deds tehbdlon bafArmeticnt ada thokhbe
rotation of the 15 sheave 87 is given_through.an angul ar _position_.
| Panst orri ngPtoRRE GO PRt Pl dRrchiAns G2 P s REERES A abkEpangt i on
cal cul ati ng rmédnsrC2™ talihd at€srande qirawvadchesra fapactiie edriresgoading
conpensati ng in ression.(2) to.attenuate the vertical
vi brati ons OF%§5#§§%%§ %fbﬁﬁgig‘ x'%}%f)5QHﬁ5&iii5 - ... (2) Foa = &(0
An adder 68 , i.eTheardyatimg nedliancreadpndhignge ankeley]l,” haddm opttikal
respective o f, 1@ .S LTI tor 5. cal cul.ati uni t,.,.67 .and the
rotation cal %&‘ﬁﬁ‘iﬁ%ﬁg l%%anggga’hg?ﬁggcg"gg%e‘g%ﬁ p% %Ife tﬁq%aér(?dtgr? 68" g gi ven
to a driM nga debaténderber sproiviided withirwaliadi bidpeerl i t emraniged
torque for aktgpuahi RE-LDE-VELLd i ' L.h ' ' 14.
30 Third Enbadi aanptiphiar (BllcaM LY qdty e St e T B VAT
according t@nghénpo@ddeali fegaceod Wi Hnddadgds dni bediginef pobeessiag
unit 23°' attached to the upper end of a bearing 109 by a
predetermined method. Information about the rotation of the
15 sheave 87 is given through an angular position transforming
unit 45 to the rotation calculating means C27.
| The rotation calculating means C2" calculates and
provides a specified torgue compensating value using
Expression(z)toattenuatetheve:ticalvibrationsofanwving
20 object 14.

Fp =Gw’sin(0+y,)  ..... (2)

An adder 68', i.e., a dynamic balance adjusting adder,
adds up the respective outputs of a specified torque
25 calculating unit 67 and the rotation calculating means C2
and C2". The output of the adder 68" is given to a driving
device 43 as a specified vertical vibration attenuating torque
for attenuating the vertical vibrations of the moving object
14.
30
Third Embodiment

Avibrationcontrollerl” inathirdembodiment according
to the ﬁresent invention will be described with reference
to Figs. 12 and 13. The vibration controllers 1-and 1' in

35 thefirsfandthesecondembodimentareappliedtotheelevator.

‘system in which the rotary electric motor is the driving force




to Figs. 12 and 13. The vibration controllers 1 and 1' in 35 the first and
- 'the second enbodi nent are applied to the elevator systemin which the
rotary electric nmotor is the driving force 4 Septenbeﬂsfﬂt%‘begio%nerati ng
means, and the noving object 14 of the @&llevator systemis the driven
object. The driving force generating neans and the driven object of the

systemto which the present inv lon is. a l.ed. a t,..lim t he
el ectric notTFCF AR Y HEE MY n?%%%eecfnof&.nggﬁlte”\?%régi J(;)% %%%{gfioeﬁjaeré)ﬁ in
the third espodemens whd |dihieredesdrjdied aShaptietng of eremigedatating
positioning table s m.125 in whi t riven objegt. | | t.1.0ni ng
table 127, é‘h%a?%é‘“@fs? %%V§Pc8%8§2r0a$§ﬁg Syr?scéaﬁns%gﬁg#k? ﬁggrnpﬁo% ultg?i on
nmot or 129. lihJéwet Lom aks sdpplosed iaore meptt dhd tedstentiiebel ectuide smq fer

| i near ipduct.i not or . 129 .havi alj . Qr . l1td oni ng
table 129 kT MV BRSO R L g BE St g dERLPBS LB BRSO,
generati ng neahsd dniaddionent svidl bler dsscefued a® aprdpedt toed wikaxgtabn t he

posi tioni ng . 15.127 I S Oopft.k t hes i 4 0ning
Pabl e 107 AOpbEi oRRE Habfe FESedn S f a hadenr vRRCa Ddn 051808 140
notor 129, aaguesietionimg1BFbhaviRg, aatdshapedriybeg Seees openehehin¥gs 139

- attached tojggﬁ%gigg_ g/aiiﬁegénigguggégga%@ | 1367 to support the rollers

133a and 13 rotation, optic near sensor 141 for_ neasuring
the posil®i on of t hBhe posiadiadi pgsisbpringLatlepgateno’ dpcdiudsg the

including a Jrﬂ?é&eﬂnaeeeﬂoﬁaﬁ.&eae gggeﬁé&mg deyigead bt apera1spesndi ed
thrust calculating unit 147, and rotary encoders 123a and, 123b, i,e

rotating not¥em prektkempardabdecl?? #ad REVRBIRashr ihGrifdpesiedhniect ed
to the shaftgzof {hg, rollgFsrimdparoryl gbadirdtineomehaks, that shewds a
respectively. The specified thrust calculating unit 147 receive
i nf or mat i on” ERBEYECteII2hdQ B SREGRILRE B%E‘ilﬂcfﬁ? gt BBFétiﬁ?lﬁ'gagﬁP%ﬁ by
the optijgal 117ness1Bepsar3skd hndhLesghswpsettioy dike ppentiandngl48p180
recei yes t helg'yta uéoso:{t}_ggs %ee%il:‘rﬁgje (S)nggiggtén%rsnog%nglaj:[r{en& 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 suppoft 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 méasuring means Cl1", 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
3.5 provided with a coupier, not _shown, i.e., _a rotation
: transmitting means 19, rotating motion measuring means Cl"a

and Cl"b respectively including signal processing units 23 ".a




devi ce 145, and provides a specified thrust to make the positioning table
- 127 nove followi ng a predeterm ned speed pattern. The vibration controller
1" in the third enbodiment is 35 provided with a coupt8eptembar 280own, i. e.
a rotation transmtting neans 19, rotating notion nmeasuring neans Cl"a
and C"b respectively including signal processing units 23"a 4 Septenber
2006 32 and_23"h_for _converting.the_outputs of the rotary encoders 123a
and 123b int 8n§ogpegpgﬂﬁl HE"VE ?é@%sth Clsjte‘b‘ﬁ’?/é? ,the JiodaTsn R4 PEGaFSt i ng
"~ means C2'a and3@2'amd ma;t3tcaixcud> aterr eOpPeNSad | ﬁglth@@%tsrfa@@e&ﬂ:ﬁ_eﬁﬂ@t,i ng
vi brati ons,

t he centricities .the rollers 3a and 133b, of

t heposi ti oni ﬁé’%atttéﬁf’e 'F i3 LSRR t §f2 adlafléict¢%nbi %ﬁaﬁl i) Hiage
posi ti oni ng cbapkeashi2inigstiruzes, fammit&@nmdd&mgﬁﬁibrbt&onsand@@dﬁnthbc
vi bration. adjpustin er, t ad up e i ve uts, .of .the
orati on %al SHTRPLACHsaRS Torhe 1ot 8B il ta 5t She BeniraPransse
- Angul ar posi tabidet IZhefichmregpent te dﬁlrebtlblnem @&ﬁbmma@loemtabnnggneans

C2'a and C2 n rm.t tp f t.i ng notion. neasuri.ng
reans 1" & andPeb 327 TeodEayair hd A SHEE? EBy " e &% SR 20,
respectlvelyVlbﬁatﬁonmeuﬂﬁxngaeaar(t&&@ad@sepdﬂnirespechnvgaptbaMgth

b h . it

. agzgfgpng ?okFR@ﬁééﬁégﬁgh o%g%%gg?%Fﬁgﬁ%%g%%%? %3%§8Q£andggﬁg¥§% g%FGOf t he
linear i¥ucerahredider 129.vamaslam posytdenotrgnsiorkingeunbtatdonosf the
roller 133a Qﬁé395taggo@8§f§#$?££¥% hienSRELL Oe{ncig% 'R?%:'f%’m%'}f’o'}gl kRl e 127

follows the speed pattern e positioning t brates in
t he driving 8PERBERORE thife TitBtANGORO EHPR Med 1T irg meaniseCl{ ajant 6A55dI ment

conpensat es &Heovaéﬂ@ﬁl&f‘ Yo it Ity UsE Ofpe T RS TlidIGAT Ibﬁgucédc‘?nl@'@bor 129
due to the eccentr|C|t§§o 25 the roller 133a (133b) so that the

posi tioni ng ¥&BPECERYe not vibrate in the driving direction.
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 (133b).

20 Consequently, the speed of the pdsitioning table 127 follows

| the speed pattern, while the positioning table 127 vibrates

in the driﬁing 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 sexies
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.




Therefore, accuracy in machining the rollers 133a and 133b and accuracy in
installing the rollers 133a and 133b do- not need to be ver hi%h, whi ch
reduces the cost- of the 30 uniaxial positioning table %§§ﬁ@ﬁ%¥§@.6Position
i nformation provided by the optical |ingar sensor 141 is transforned by
two pseudo-differentiators 143 and 151 connected in series into an

accel eration of the positioning table 127 to determ ne values to be
_provided by gain adjusting units 57° and phase 35 adjusting units 49
included in Foentdt Embodiganaul ati ng neans C2'a and C2'b by the foregoing
adj usting procedure, d _.paranete .easily adjusted. 4 Septenber

S nob '
2006 33 Fourth Enbodi 'L‘rﬁtpjﬁrbi%?‘éﬁ%ﬁ%nﬁro| RES i"gg%ﬂa PBW%ent
enbodi rent  accomrdiing tto the presemnt: iinwenttion will be deseribed witdh 5

reference. to_Eigs. .1, d 14. The I,n adjusting units, and the phase

i ust 1 e unFPeszenbrtoriius 3 LGt o or £0% wehadaB e NG E LS R o
enbodi nent s&hef phedevaldjestingespddis Wil theHavidven iohheogaizd 1adires tiinng
units and th h dj usti unit.s Jmay set . proper edet erm ned val ues
accor di ng 1gh§o ﬁgsgpéggtfﬁgacghﬂfi'o%mﬁpaﬁﬁgngriﬁgﬁ 'ﬁﬁéﬁ V&t"&%avat or
system 5 provedpéchivieliyhe Hobeaerorthecgantn aliljesting und tshend dhetphase
enbodi ment i Lol ar . Y 5 _pr.ovided with the .vibration
control-ler 156? ltﬁlg;t Zlgf'%r%é’%é]g'ﬁg?f&ng%gﬁ egypcsrtee%{gtt%xg "y dﬁ%%}%%s gﬁcé)(ﬁdlf@,

i.e., 158G dEpvEReobpesrtingeicondd tiont lod fraveneirisleay abdecdystem 5 - travel s

a long, vertical shpoke @it hggg’@éh‘mgn_rﬁgggéﬁéat LA, ands t Qe s mgym

speed of the noving object 14 are high. evator system 5 7Ts provided
wi th rubber ¢PBtEeidRT 301 afsr $helfourdhi sybedimgh teligssiloiitlamdio tthe

transmt vi beabiaRsr20ydeBar 8t SRoPYaE QR ¥ e&r?é;tvfjh:&(f[ﬂto‘}{ cuth&%me: Kl oor
in moving the nmoving object 14 at the maxi mum speed. A speed controller 39
provi des a seb-dieddrsitpmrodingnt ¢ ggcerd; that ameaingrokiest Lhedd e -or t he

movi ng aly eck ddiven object, included in the Fformer 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 fotary electric motor 11 to the floor in moviﬁg
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 a rotating 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 adjusting unit 57 and the phase adjusting

unit 49 are adjusted to pre’deté_rmined values on the basis




of the elevator system5, and adirection signal D specifying 25 a rotating
- di.rection in which the output shaft of the electric notor 11 is to be
‘rotated. The vibration controller 1"' is provided wi thSeteraesit208¢ noti on
measuring nmeans C, rotation calculatimgneans C2 and C2"' , a gain
changing unit 153 that provides a predeterm ned value on the basis of the
set-speed 30 j,s:i nal V, a phase changing unit 155, a phase setting unit 157
that provi deS€*a PF SoetRE T HE) IHRIE DR hBepgain Frandayg é’étltsﬂégdaﬁiignal v
and t he direehkoadgkgnakeD, and an adder 159 that adds up the respective
out puts of the pha,ie chan i'%?Fb uni t_ 155 and the 2E"h,as.e setting unit 157. 35
In the rotation ca }aﬁlréﬁa&& gascrbating feans he 1pFdyigedEbFEgREaKaI n

adj usting unatcélegadibhehas®adidpthig 16uNtHadfrah8radhdstidol®put
pr edet errog ned asi.s 4 Septenber 2006 34 of the respective
f

outputs tﬂgvgé}fj‘?eﬁsa%%%%bﬂﬁlto% ahyenFheraingr Usht e Adtatisn
T61 that {rapelorim iha Guf B e O O O Sra B uni
47 into a co??esaplb%W@%Bgﬁyi&@c%F@?ﬁf?Hﬂl‘E%)“rﬁft ﬁﬁé5¥6iBFe§ﬁéFPr)%3, an
Angular bosi £ an o e B O A e s %0 for
setg'.J ting 2 ph%sghf%g‘% éggauggﬂlgsp%ﬁd{nétgt"o i 5%?%&‘_3‘9(0‘%‘ &ﬁ’é\ﬂgedean%et he
aggglraaégposcornespoadfﬁfr mngfwl -:bu’é@l;lﬁ gﬁ%t8f°b%-a?§ QfYO]Eﬂee gghﬁu%%rof t he
:dj usti ngj un ?éggf&nandat%gé’%@%ggt&?ﬁ %1‘ 3 hog1 é“-r%%uPSF)iSp%i %P‘S.ngugput
transf or ni ngodintie ¢§1®e1t 5% .0vundeddero6Bputh{d addPAp thed ct@pite (1y;)
output (05 VEyhePhadd 258t EHL SR {5 CaRa RARGR () o £ il efs) 1or
t he out put dPo$hbiendineasfaimmirg ingt 4Mis t6Prondeenbasimuof Ot-hesdut put
of ¢ .h§| 3?&”3 £B8B9hRE ANt 2ty un 0G5> ML LRI L8 aBds +HANBU Al 2658(6Tat1 on
o + Pa) of the output (8 + 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 (Gicos(0 + Y3)) of the gain
adjustingunit 57" by the output {a) 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 célculating means CZ, the
output of themultiplier 61", 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

€2 and C2"' given to the adder 68" is given by Expression

(3).

35 F.p -_—=G3(a)2sin(6+w3)+acos(9+w3)) . ... (3




20 unit) that nultiplies the output (G3cos(0 + 1V3)) of the gain adjusting
unit 57" by the output (a) of the angular acceleration calculating unit
161. The phase adjusting unit 49", the adder 53" and #RepteBberRd06
calculating unit 55" constitute a trigamnetric function cal cul ating
device C3". An adder68", 25 i.e., a nultiple vibration adjusting adder,

adds up the output . of a multiplier 61 (an_anqul ar vel ocgit | tiplying
unit), namely, t hg(_)BﬁFHHFnSIt‘LYt hg RS 1%Jo'?ld %&H%ﬁ “ﬁé‘d%’é{%ﬁ ugﬁég
out put of thBrpkesplioar (@), isagekgn thethut putivahgt Heviekatizon

cal cul ati ng neans C2"', agcil( the output of a specified torque 30

cal culating unit 67 =The ZUm®Hf stilie, Qut PUL rotation. cul ati ng
means C2 and C2"' Gi ven o) t He ar{gddert@bﬁs)g}'J ?gﬂg'i &ﬁ))—by Expresgi@%)n (3). 35
FcF =@3(co2 sin(8+zp3)+acos(8+113)) ..... (3) 4 Septenber 2006 35
Consequently, a specified torque cal culated by using Expression (29) is
given tod he drivi i aetawael3d?, Tinctuded HiY'thiis afleRason(Bdstent 59 das(Bd +

..... (29) 5 4.k el uded j is el.evator_system 5, _i whi ch
the moving obrael PEISyHe WRHETL bhebELe Sl RN R PrakRe-
accel er at i onthadmakdnyux aremlsettipeedndf thhemambmimg selj epeefi4ofir €hki gh,

and the rubbgp,yhBrats o8 h90LAL Wign 10ra (r}%verﬁbﬂ&\_‘v S G [yLsfs?ﬁftUrEi ent,
is eccentric, the 10 Bccentricriy-rél ated Shakling force due to the .
eccentricitylOdf hee shdare SiagHaridas esoabitesieve] yisheaceheriovi hjeobj ect

14 is mied abcbherTBXiur.3Reed Qﬂgkﬂﬂﬁnﬂ&gﬁagﬂﬁigﬁhQ£.e%Eceﬁ%rﬁg%}gg at

the maxi mum speed i s accCel erated or decel erated, e noving object 14
gener at es | oRGitHRIFRERVE BT dnicaRaserssexgesptvelipmden the MIwimd ebigcsrs 105

have a | ow elasis Ghdved GRefthicChnBRimuA SPEOE AWM twhd e Wokhaledpyekti cally
by the exceigl vely hi gh shaki rigwforce due to the eccentrici ti of © the
sheave 37 ontfAPYIHEL TheMeriSnm sheed dssageslenaled qraferedprratstat i ons

of the notorandithd@bwiclg obfeaddl i iddherates 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 motoxr 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
cbject 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 oﬁject 14 is

.vibratad.longitudinally'both&while the same is ascending and




20 to the shaking force due to the eccentricity of the sheave 37, on the
novi ng obj ect 14. The anplitude of the resultant shaking force of t he
verticcal vibrations of the notor unit 104 and the shakPerjeber®08ue to the
eccentricity of the sheave 37 and the phase difference between the

' resUItant shaki ng 25 force and the angul ar position of the rotor shaft 13
change at t% eed agid the et accel eration. The phase
difference is dlepen ent esols 5 r%ﬂ'l ng direction of the output shaft
of the electric nntIm:rtlielvﬂBInaltebnrceqntﬁycenenﬁ. t He: & Aoadjtusdnitgiin@rits 57

The vert1 cal "HPH Fora A0 ol st OBfict 18- oLy BESUEbRER Witon  he

nmovi ng obj esmnil4 1|5§ ashenplﬁla@e athangraig iwiitar Sraxnhauths efh&pe e t titoe

| ongi t udi pal obj.ect .14, c t be att ted whil e
t he novi ng obj\HeL(t:'{ al%zoré%td scgﬁa tﬁ%f 95 n?heéﬁ)ax%esec{algbeae% S*¥anged,
t he m(;w ng ohlinddts 2 &sd sn'bramtdadhboiag?*sadiﬂafézyexbﬁééthI)l egtﬂee S;ﬁf&d S
ascendi ng an 0) 6 ile.t .S descendin In the

vi bration cont ‘ﬂ%et&%%ﬁitg &6 3§f o%\‘rnt cco#d’ﬁe th%én\fllix&amgl %%Efsipget?r tion
as shown in REing the J-”Otﬁﬁ?é'-lgm tﬂull:thtahgong)f thetoulti8it shafpheseheledmgitngi.cuni t

155 and the Hase ¢ tidm e Wil rééﬁﬁﬁhtp%ﬂ&ﬂ%g éo*}%egéhﬂsr(%\%@goaﬂ:fdt%dm

gain adjusting units ase erences
phase aJa? us @sngn mﬂqeélwcetﬁdr-w'lfa‘@d)sbﬁhgngofqm gsiimgnas etmslidadle and

the rotatingsdid §ChhQge Qilffl@rél’%é’@hasﬂ"%fhtaé) e EBEQ.@IﬁﬁE\(Jr t6 tﬂ’@tn%{xﬂ'rt'c‘m Si nce

t he resul tant shaki ng orce can be regard as an eccentricity-related
af

shaki ng f or c&efraiPR§IaAnanihe tintea tinm dé-rtﬁf-ﬁ's’é’fdloﬁf ‘éh@n@@tplh'atsmﬁtg@

accor di ng t 0 thizee I@Xt FLEo%Bk ﬁ:peeﬂeaétd:éﬁterfﬁ@w&été@%hﬁﬂngf
out put shaft Qf the electric nmotor 11, the eccentricity-related shaking

force given9yeBXA¥ EZRFEHSLoR)(38) L8 o@asdd siRubpys sBecified todiire 15

gi ven byl Expasenopy EPresHivh (2be.| onghs Ydheal ong DEGEIRES viWrdtieHoVi ng
ObJ ect 14 Ca%fb%hgtngoe\pfr?& e%jecteXEr qoeer aattltre%uated in every operating

mode.

F,(s) = L[mdrd (—- w,?sin(6, +y, )+ acos(d, +y, ))]R(s) ..... (28)

20

T =T, +—;‘c—’—(— w,”sin(6, + ¢, )+ acos(d, +¢r)) ..... (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
ei_ther-analog devices or digital devices. |

As apparent from the foregoing description, the




node. F d(s)=L[nmdrd(-rod2sin(ed+11Cd)+acos(ed+1Pd))]R(s) ..... (28) 20 T,
= To + Cod 2 sin(ed + +a cos(ed +O4) ..... (29) T" Thus, the noving object
14 generates any |longitudinal 25 vibrations neither déBeptgmberd®i6 nor
during descent, and the nopving object 137does not generate any

| ongi tudi nal vibrations even if the maxi num set speed is |low for the

silent night _. ration of t el eyat.or system 5. Moreover, although the

anhgul.ar posi?ﬁ%ﬁ%ggfghpgpﬁﬁg ﬁ§6.8g$ﬁyé§ §§eﬁﬁ%1?3?@&&Pﬁgl§n%%ﬁgﬁt%t are

supposed to kdfardliogplyeeiloesngt tiee arigualadn opesot ittie dalicdnabbhgcdalices’
may be eithgr I V] r.digital devices. As..app t fromithe

- f or egoi ng de?gr ?%?i(g’%ffgﬁ%%%%@g&ngﬁb&é}rlaéﬂﬁ6ec%efls1iﬁjb?]a§f8%r ﬁ%ﬁtl?ooﬁ@e]rn%f t he

present i nvemeinpen svidpabt einproegfifigettiheelneateducialy abeuvabyatifonshef the

driven objec nam n nce and/ or. eccentri.city. of the

ot ating P neceinerit ot R BTbE e AR e AT R SEGR Rl MY

conponent of ofthéheysvaraided shotemeahdnceomsedpeentyydi tlye ofstée can

control | ed syst sequ I he C .ne ¢ ructed at | ow
costs. S noo TheoneryagtaREE AL e e B e B b o
and the syst &pesedunbreakgbiramenitalr evibbatiogsofanfie tlyst esyshembels
i nproved. 10yfkhe t-puent A4S | her wi 4 gﬂg
speci fical l yudesg%ﬁ(%%g%ﬁeFgf%nf‘%ml?ﬁgg?yﬁggjart| r?gggggr%ht ﬁéw @%olp anvdeati'pi rit
t hereof .19 Sept enb&Re20u8seng TnEpNEion may \hérepd bfiedm thtiwise ofp si ng:

a driving fougespenerabhNly®@aserivta HdrdMPwa thblChepaPitShly from the

scope and spirit thereof.




a rotating menber driven for rotation by the driving force of the driving
.force generating neans; a driving force specifying neans for specifying a
thrust or a torque to be generated by the driving for¢é&cpjembers200ag neans:

a rotating notion nmeasuring neans for neasyring rotating notions of the
rotating nenber; a rotation calculating 5@%@# ncl udi ng: an angul ar
position transformng unit that provides gul ar position of the
rotating nmenber based on an output of the rotating nption neasuring neans;

a trigononetrig_ funcii S| |t _that calculates a sine or a '
cosine of an angle e%p?gggégfgﬁyé%}‘ﬁgja Tt GRBPTHRB¥° t he angul ar posi tion
outputted from the cl=kving foricengepasating means; £@Ndra waid aadi-$$Ehng
unit that nul téplies, an output of the trigonometric function processing
unit by a predeterm ned gain; and a specified driving force correcting
means for correcti Ry Zotatipmmenbearheldnien Fo1f eoeatipachbiytAg aP#dsng
based on resulg¢gpfe CafC td e the rotatjon cal culating neans. 2.
The vibration cont?oﬁe{ﬁ@lgc%%?vdi[% %%@?aﬁ’?ﬁﬁ?a RY 730 Fhe rotation

cal cul ating neans ft @RéVinadiantesspephfiping adjanstfngspaticyhal HEEvages an

adj usti ng phas®r a5 taguial eHCeRt ' r.function of the output of the
angul ar position t rarﬁig‘éo?% ﬁg %%I?%r’%%%rb;ﬁé:%a g%fﬁ?’éggejﬂ‘oﬁﬁet%%n%:ﬂﬁja?g
function of tM&*hgul ar position is obtai ned by adding the adjusting
phase to the- angul ara pogbthefngad he tri ric function calculating
nge Ot meABNRTRL' sl LRE BT TRD by

unit is confiq:tj?re to calculate a sine or cosine” o
addi ng the adf P& HPDREEMS Gfe thandintatinsinéner4 Sept enber 2006 39

3. The.vibration. com retericic s tbwtattng! Abahd. 'W@S{lﬁii? Al %‘r?x r&iﬁié’é‘
cal cul ating n%%réitf.urtger i ncl udes “an, an%ul ar veflom ty Panstorm g unit
ﬁLém Faggf:]BaniL?g 1.-uut that provides an angular position

that provides~ana

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 rotating motion measuring means; and.a gain adjusting
unit that multiplies an output of the trigonometric function
Processing unit by apredetermined gain; and

a specified driving force correcting means for
correcting an o_utput'of the driving force specifying means
based on result of calculationmade by the rotationpalculat::i.ng

- 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 an intercept
of a li_near function of the output of the angular position
transforming unit, the angie -expressed by the linear function
of the angular position is obtained by adding the adjusting
* phase to the angular position, and the trigonometric function
calculating unit is cohfigure’d to calculate a sine or cosine
of thfe angle obtained by' adding the adjusting phase to the

angular position .




of the rotati ng' nmenber based on an output of the rotating notion neasuring

~ nmeans, and an angul ar velocity multiplying unit that nultiplies an output

of the trigononmetric function calculating unit or thet entember2986i ng unit
by a square of an angular velocity provgded by the angular velocity
transform.ng unit. 4. The vibration controller according to claim1,
wherein the rotatgﬁg | culatin further i ncludes an angul ar

accel eration-trans Yht et eﬂ r& TescaRIdRg i artadech é‘rhftrredﬁ‘ of
the rotating trh&rrineltamﬂothamlaallstthailﬂeaﬂbpﬁhﬁrtl@%rt:hﬁcltﬂi@é Et) dﬁ%}tdl% |
measuri ng nean n_angul ar __acce ion multi uni t that

nul tipli gs aﬁ’ ?l?tcﬂgc gﬁ“?ﬁ%’-‘?‘ﬁ‘%&}r&%?ﬁﬁ% E’fﬁr‘@tqeo% E‘azln?: BT ¥§IeitYor the
gai n adj ust iofg tinei troliya taim go uiemisie ro fh el aj’ﬂglﬂrﬁbu&@ﬁ:ﬁﬂ erfatﬁum rdaafisigor m ng
unit. 5. The ‘61_% %t}ngn 1(::lontroller accoy di n% to cla;‘?rri r |r1 the

speci fied driving fore8 t5PPERYFhYy &0 ARPUHRE ¥

respective owngdt shat mﬂﬂe:xtﬂl:h/&mgnf outpusrw:crthwmgmmtﬁm ﬂdm:tgainn

dj ust t trolle 3, wh
The spect 11 e grdte, PRA R BT LR b o R SFRRRG g L L e P e

up respecti v@nouapgtléanf tebocityi myrdwirdesl speci tyéngingEbns ard.ddigy
angul ar accelgrati-l %m%?t hrl)uy:r ng unit. 7. The vibration controller
e

according to claim rein’ the specified driving force correcting nmeans
i ncludes an adder that adds up respective outputs of the angul ar

accel erationy_nul t*rﬂleyxmgréﬂén glttr.jaﬁl%q:g Eé&r%fﬁghé&%htjﬁp%e’}% nit.

8. The vibration controll according to c erein e spécitied
driving forcé&h&orpéating %bﬁelahenadeeaxaﬁ ficher iSaptusttre ap @gul4d t hat

adds up respagleterawtBut S0 it IGHlJ‘cO&%tsgﬁﬁdJﬂdé&Q aHE%@xgmfa%e

angul ar velocity multiplying unit and the gain sting unit
vi brati on coRCFELFEALILBPHITRG FRtaF APt ek P8 Hhe 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 oufput 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

fmeans and the gain adjusting unit.

6. The vibration controller according to claim 3, wherein
the specified driving force correcting means 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 specifieddriving 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 accoxrding to claim 3, wherein

the specified driving force correctingmeans includes an adder




the specified driving force correcting nmeans includes an adder that adds
up respective outputs of the driving force specifying neans, the angul ar
accel eration nultiplying unit, the angular velocity n#ifeptpnber?§0anit and
the gain adjusting unit. 10. The vibrat4®mn controller according to claim
2, wherein the rotation calculating neans cal cul ates an eccentricity
conpensating_ yal ue FCD for conpensating an_eccentricity of the rotating
menber by usit%lattéfped:% BP FSAERG eV QLT B OEEBeLE STHIHGTCHRBEE 167185 he
angul ar posi tieans ,Gthies angydiar weAddityt heigablyiad ustitn@gnaniche gadnl F, is
an adjustingaﬁhas%.used g%éthe phase adjusting unit, and the specified
driving force dor é@@iH@ ans corrects an output of the driving force
speci fying nmeans on the basis of the eccentricity conpensation FcD. 11.

The vibratiop contpoller. according.to.claima3 erein _the rotation

cal cul ating %éans ?ﬁ?l ‘Gﬁ%@agl%]ﬁ%%'tf(ﬂlﬁﬁli ?\‘QCGE&?’PQ&%@BF@V‘{G? egfRin

adj usti ng phibe sz @ifiad drdephgdfore tomeart finnkehap ofcla«ubapaddelr t he
angul ar posi t.i r unit: the r tion cal culating neans

cal cul at es att %Efré%%]%%%as ae%el V@ooﬁ%)%%as[ ?ﬁ%%\?a‘%fev%l%y?ﬁ?e Egﬁﬁéﬁgéf‘?ng
dynam ¢ unbmkanse tdie ahgulatracaowlawsnhiem byl tsphyginhyenfial,| owe aggular
expr essi on: =.(2¢C i + ) e 0is.t angular pQsition, w
is the angulggiegﬁg%i&V?tﬁéggﬁggé%%éfnaﬁ@egﬁgygﬁﬁg %gﬂﬁsg&fgépgﬁé’unit,
andW2 is a adjusting phase used by the phase adjusting unit; and the

speci fied drhglng TREGEILE LG 1000 IRANRLCOLEEEA Prd RPREHRSS, SHB0e 141 an

output of the driV|n%_force speci fying neans on t SI'S ynam c
unbal ance cofipénsatrkdoraradcrdpting merasycplavilefesonnr eclcentadedityi ng to

claim4, whegginBentB@ihgt #hilge 8] RUAURDMRARI g ehidesed tRiaseyadicust i ng
~ the rotating member by using the following expression:
. Fep =G, Sin(H ‘H:L’i)
where 8 is the angular position, G; is a gain used by the gain
adjusting unit, and W, 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 Fep.

-11. The vibration controller according to claim 3, wherein
_thé rotation calculating means includes a phase adjusting
unit that provides an'adjus'ting 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 Fys for compexisating dynamic
unbalance of the rotating member by using the following

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

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

the specified driving force correcting means corrects




unit that provides an adjusting phase as an intercept of a |Ilinear function
of .an output of the angular position transformng unit; the rotation

cal cul ating neans cal cul ate an eccentricity unbal anced Beptpaber 2006i ng val ue
FcF for conpensating an eccentricity-rekated unbal ance of the rotating
menber by using the foI I OW ng expression: FcF =

G3(" a28|n(O+ws +acos(fl wher e is the angul ar position, cQ is the
" angul ar - vel ot ¥ él(t gft ggrlfdﬁrllé‘rg gBE‘éfBeﬁ%‘W /LI MESNShen g ¢y DasES by

the gain adjafsttiing dynamlmnmabaam@m@@mamgohm@ws@g. by the phase
adjusting unit; and the specified driving force correcting neans corrects
an. out put of the driving force specifying neans on the basis of the
eccentricity Inbal anmevd:bmaemeatdmg:ntallma: heEordi3ngThe cuibbmad | hed@itn ol | er

accordi ng to a| er ein e rot atl on cal.cu] ati n means J ncl udes a
G i s et PR AR

gai n changlng Teans or $8
changi ng a pinirtaltihat @iroyricdet anrmdgdstahgeghaseoaﬁhmg itrﬂ:afbmeroai iang

condition of i ct..1 The, vi bration. control accqr di ng to
claim2, wher eplﬁéaqén\fglﬂcgggga flo%nca?'éBP‘é i nf N DO 4SL
changi ng nedmarfdromeing ngid ;phase of the phase adjusting unlt by changi ng

a plurality of pre r m.n¢ ues, to,an gperatin ondltlon of
; . - %Q%g %841 aafon ronr?% medans Lgl E

the driven object. 15. The vibratio accordlng sfm 2,
wher ei n -t he SRt ica erbatange msnsatkudwlaeﬁhaferwmamgsactemg:e

that sets a Wé%@ht&ﬁ%ﬂ%?@@l&%ﬂ% nglg%é %%ﬂred:lsg\g {fng Jrember by .

A Py g Sept e rotat I ngodirecti o
t he rotating ‘Jr‘?é%rtheléﬂﬂwlﬂgoﬁamwscm rol l er according to claim 3,
wherein the angular position tran (sform ng unit includes an integrator for

i ntegrating an out put of thcharrgGLafsmé? e%)ﬂyabdsﬁm;ﬁug))m ng

where 6 is the angular position, ® is the angular velocity,
a 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 meaﬁs corrects
an output of the driving force specifying means on the basis

of the eccentricity unbalance compensating value Fcp.

- 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 claim 2, wherein
angular position calculating means includes a phase changing
means for settingaphase of the phaseadjustingunitbychanging
a plurality of predetermined values according to an operating

condition of the driven object.

15. The vibration controllier according to claim 2, wherein
the rotation calculating means includes a phase S_etting device

that sets a phase of the phase adjusting unit according to




unit. 17. The vibration controller according to claim1 further conprising
a vibration neasuring nmeans for neasuring vibrations with respect to a
direction in which the driven object is driven. 18. Th&ertembel08a
control l er according to claim 17, wherei42 the vibration neasuring neans

i ncludes an accel eration measuring neans for measuring an accel eration of

the driven bj .19, .The vi.brati controller according to claima1, .
wher ei n the%r g?%htﬁé%ngtlirgﬁ\ér%ggs F?rqr&enﬁé)ﬁgtilﬁgl 5'85@65‘resol ver. 20. The
vibration controller according to claim1, wherein the rotating notion

i i L . 21. Th | brati - | .
Toaordi ng tol8ral mpt R PO R Yo ek sl Ber b T SRy rihsEotiel udes
an encoder. tRe amgslag bpatitenndoranradmyirgconi tiing udes @ tntegnhebei n
th tati ' . ' i lectric. . .23, .Th
A St e gt A e S R e

a mai n sheavénifcl uded in an elevator system 24. The vibration controller
according to claim1l1l, wherein. the rotating nmenber is a conpensator sheave
included in an elevator system 4 Septenber 2006 43 25. The vibration
control | er aédderdi Ajetvllratien, costeralier wesoddingntobgbetmils famtdleavat or
car_inol udedobfpdh sgheVahory: BYSLERh Aoa BN OhAlnLORLO! LiNg YAt i ons
of a driven object 1ncluded in a systemconprising a driving rorce
generating HégﬁétﬂQPSdWFﬁhnﬁeﬁhécﬁrFveﬂ dyjeeiion imptdiioky thenidedven ven
for rotationobyedki ¥snarfigese of the driving force generating neans, and a
driving force specifying neans for specifying a thrust or a torque to be
generated by the driving force generating neans, by correcting an out put

provi ded by tbe 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.




driving force specifying neans by using a predeterm ned conpensating

val ue, ~said nmethod conprising: a rotating notion neasurlng step i ncluding a
step of measuring an angul ar position of the rotating4®epis@per, 2096
calculating.. step including a step of ob#aining a product of a sine or
cosine of an angle as a Iinear function of the, angular position and a

gain, and a p of calc a conpensati ng val ue based on the product;
and a determ’sinlgng STEp it & %lea? a&&f’gfiﬁ‘flﬁl he Aaigai n Hhede Feduces

anpl i t ude of theredstear nrbnedtvmrat eeBghtocomponelgRIELat &6 dieddieAri ven
object to a r%)ﬂ m 27. The vibration control nethod according to claim
26, wherein e Calculating step uses an angl e obtained by adding an

adj usting phase value to the angular position as the angl e that can be

expressed by e li,n function_ of ul ar i.tion, f he determ ning

step further élé]ncl u eg%ahsot ep ?Ongﬁ?@ r?dpr[ A t9§tF‘n PR LRAd%%e so

mat Ejh'e anplinaidsiedfin ke sysddet eompnmdmgbagdﬂm&hg Qﬁgfmimqﬁn@@?ﬁrﬁ ed in
e riven vi.bration copntro

met hod accor 3&15{% obgl (éuﬁm tth%ner %nt‘ryll:’é'erc%t a% 5 Aot one ’F’rﬁ‘é St ep

further incl mr0§a§ﬂ-9p oy dmsas D Forem ofnthik airmeﬂr@cfbycefgetﬂm:arml ng

menber,. and phglLi t t es_t he. conpensati.n

-Sept errber 2006@%3%%%% g%ﬁghg’ Lf{Jgeg E%%§%%§f$ eearbsf ofcﬂirct B5t% %‘Yelr& ne or

cosine and toh BhAE t W@mcarba/egemﬁnqﬁezﬂ l:tyhd:ha)tdaumglgmidme 29.

The vibratiory é;@}_tgtqnq’rq[{ &r}%(}tqngd q: et SIS q:lt ating

rther’ |nclu es tep Teas gu

noti on neasur]ng step ring an a
accel erat i on VR r5eBEe ngrerdhBeny mnﬁhérrzm thilhe @almlﬁld@memylmeeb

cal cul at es t R mprRans |ngd@I U RASRAHYH g 4gf, of the product of
the sine or cosine and gain, .and the angul ar acceleration of the
rotating nenber. rotatlng motion measuring step including a step of

measuring an angular pos:l.j:lon of the rotating member;

a calculating step ‘including a step of‘obtain‘ing a
prbduct of a sine or cosine of an angle as a linear function
of the'angu\lar 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 expressedby the linear function of angularposition,
and
the determlnlng step further includes a step of
determlnlng 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
-astep 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 whereéin 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.




