WO 2005/ 036543 PCT/ SG2003/ 000247 -1 BALANCI NG APPARATUS AND METHOD FI ELD
OF THE I NVENTI ON The present invention relates to an apparatus and net hod
for varying a rotational balance status of a device. In particular, it
relates to an apparatus and nethod for reducing a rotational inbalance of

a device thayohasuidkied or variable inbalance at a relagkﬁﬁkﬁmh@Mh¥ﬁevel
BACKGROUND OF THE | NVENTI ON Due to uneven distribution of mass

rotational parts, machines or devices generally encounter an |nbalance
when rotating. In certain applications,*ﬂhe i nbal ance generates vibrations
whi ch can cause wear and damage to machine parts such as bearings,

bushi ngs, shafts and gearg,y! (ﬁ@&n ﬁghy as hard disc
drives (HDD) and servo pa AN rg&;ﬁ%ﬁ% lﬁgzﬁgﬁ?@e can contribute to
track m sregistration and hence affect positioning accuracy of the
read/ wite ion, inbalance can result in disc
sl i ppage angﬁeggﬁégﬁﬁgé&%gﬁNigghéarings. In these applications, the
rotational inbalance is undesirable, hence reduction of the inbal ance

ed to reduce

becones necessar Bal anci ng. t echnol ogi es are devel o
rot ati onal inbalﬁh%@ﬂﬁﬁ“8W3§PnF%MB§ d%é@P@?%?%ﬂ%qﬁﬁ?dﬁ%ﬂﬁfﬁéﬁééﬁﬂgﬁ%be wear
and damage ohlan®cnne fRViSe. ]hﬁbaﬂ"f@@%r N latePRV apPR Rl azszir}hétﬁocﬁfb&? WiaGHg Of

read/ wite heads cg gﬁjncﬁgfsed adopting appropriate Dbal anC|ng
t echnol ogi e&IORMMH? exige faghasdbsdh o1 Gylieels igeaiaicarl arelatizely v

measur enent i@#%l.t he i nbal ance val ue and position, and addi ng a bal anci ng
mass onto or renoving an excessive nass fromthe rel evant area of the
machi ne so that the inbal ance can be reduced and/ or conpensated. Various

appr oaches @m@mkyyﬁgﬁgqnipﬁnn@#ﬁwfﬂngotational i mbal ance. In. one
attenpt as disclosed in US Patent No 422,776 issued to Thorson et at, an

apparatus for balancing a disc pack assenbly provides inbal ance correction

by the use of prggigiQbve rq?srﬁ% {IBF 8RR IS:QTS L Sofile ARS8, L0 a spin
not or at various sel ect e ocatio
generally encounter an imbalance when rotating. In certain applications, the imbalance

generates vibrations which can cause wear and damage to machine parts such as bearings,
bushings, shafts and gears. In magnetic disc drives such as hard disc drives (HDD) and
servo pack writers (SPW), the imbalance can contribute to track misregistration and hence
affect positioning accuracy of the read/write head clement. In addition, imbalance can
result in disc slippage and excessive wear of bearings. In these applications, the rotational

imbalance is undesirable, hence reduction of the imbalance becomes necessary.

Balancing technologies are developed to reduce rotational imbalance in order to
reduce vibrations, and hence reduce wear and damage of machine parts. In HDDs and
SPWs, positioning accuracy of read/write heads can be increased by adopting appropriate
balancing technelogies. Conventional balancing technologies generally include
measurement of the imbalance value and position, and adding a balancing mass onto or
removing an excessive mass from the relevant area of the machine so that the imbalance

can be reduced and/or compensated.

Various approaches are developed for reducing rotational imbalance. In one
attempt as disclosed in US Patent No. 5,422,776 issued to Thorson et al, an apparatus for
balancing a disc pack assembly provides imbalance correction by the use of precision

manufactured plugs which are attached to a spin motor at various selected locations.



WO 2005/ 036543 PCT/ S&G2003/ 000247 -2 Unfortunately, because the plugs are
permanently fixed to the disc pack, the bal ancing process cannot be
reversed, hence this attenpt is not suitable for inbalance reduction in

t he event where the inbal ance status is changed during operation. In

addition, th af, utilizing this approach is relati I S
Pat ent 6, 219,% 2 (%?Oggidsed to Kune et al discloses a disc r%&%@zﬁgﬁg‘gﬁgr at us

conprising a turntable and a holding frame with an annul ar groove that is
circunferentially partitioned to forma-#arality of accommbdati ng portions
to accommodate steel balls. Due to rotation of the turntable or disc, each

steel ball i di spl.aced within the acco dati.ng _portion and noves from
the inner si g’BfO_&’rmﬁF}&CbB&%}’é%ﬁﬁﬁ@ﬁl&F F‘f?d’e‘_ﬁﬁ?ﬂn??tgn&feg t‘?ﬂ‘@ dbgﬁﬂ’é‘flf’ thealangipge eby
correcting tpecdsibamareadvaical RnWai:ekBmpas GeNLRLLIOfor BRI InkY re@fictil$: di sc s
deviated froman axis of a rotary shaft of turntable. According to this

patent, bal alVeEHEE Wapiedhefmbalgneestatusdsiclispardrbriag apeatiang dn addiiaetggest of o t he

di st ance of Qﬁ&&@tthi@@pﬁga&hgm%%@%i f the gravity fromthe axis of
rotation. The bal ancing process can be reversed in the event that the

i nbal ance status is changed. However, in order for the balancing balls to

move to the bal angs p bl Al anc centrifugal force
nmust be suffici e_;}ﬁ yﬁﬁrﬁg?lbﬁgg%?‘%ﬂ?ﬁ%?g%%%ﬁdéi%?’ﬁ%% Cg%;er%{a; T f%p%l r?tutshi S manner
has a rel at i spaipysingw twratabletaind b byldingridmiservithean ssnviet greenctthdilie for t he

conpensat i on.;of,. T&W : tive I | evel,... as for exanple in the
case of a HDD  of ﬁ‘ﬁ'tel@(lgnr?gg%hgg P?’“é%ﬁ/}éé? ?%Xﬁo%ﬁ%t{}lgé)of@nﬁ t sufficient
for appl i catdcomsmsdathsiesd bHBD Dupito SRANbn B thegurnmblchve 1B, aaeh @edhBAtist 0 provi de
a bal anci ng [ .and neth having a .relatively.high. sensitivity,
which i suiPEbRES pipin %F%%%’ggar“é‘é Dagiep Ang ROXpaTe AHESIGREPS n t he
initial i nbacamoeodatihggoritisn reethabuteedide, thewby sstedetiag thie AmBaladdeDstaff e S al so
a need to provide.a bal ancing.apparatus and .mefhod having a rel atively
hi gh sensi tiAits? "f%‘ﬁ%ﬁ’?ﬂ? @%ﬂ %Faé“*‘adr%‘?m BA L a}rﬁc@t%g‘&@ﬂ%ﬁmﬁwe-
applications wherein the initial value of inbalance changes frequently,
such as in an SPW . . . . .
According to this patent, balancing balls are displaced by the centrifugal force due

to the distance of deviation of the center of the gravity from the axis of rotation. The

balancing process can be reversed in the event that the imbalance status is changed.

However, in order for the balancing balls to move to the balancing positions to reduce

imbalance, the centrifugal force must be sufficiently high. Accordingly, balancing

operation in this manner has a relatively low sensitivity, and hence is not suitable for the

conipensation of imbalance at a relatively low level, as for example in the case of a HDD

or SPW. The imbalance reduction achieved is not sufficient for applications such as HDD
or SPW.

There is therefore a need to provide a balancing apparatus and method having a
relatively high sensitivity, which is suitable for imbalance reduction in applications
wherein the initial imbalance value is relatively low, such as in an HDD, There is also a
need to provide a balancing apparatus and method having a relatively high sensitivity,
which is suitable for imbalance reduction in applications wherein the initial value of

mmbalance changes frequently, such as in an SPW.



WD 2005/ 030543 PCT/ SG2003/ 000247 -3- SUMMARY OF THE I NVENTION I n
accordance with a first aspect of the present invention, there is provided
an apparatus for varying a bal ance status of a rotating device. The
apparatus conprises a base body for attaching to the rotating device, a

plurality ofwbalh@ngisag nmenbers arranged to be disposed _ xi s of
rotation of the base body, and a driving device for act%ﬂ?{%q%%ﬂﬂ?zﬁgl ling

t he novenent of the plurality of balancing nenbers. Each of the plurality
of bal anci ng nenbers is novably nounted 1t the base body for novenent
between a respective first radially inner position and a respective second

radial ly out SUMW?b%QFMﬁ@]ﬁ\J}Q(ﬁPpar atus of the present invention is
evice an

attached to a rotating rotates theretogether in an initial
state before the bal ancing process, the plurality of bal ancing nmenbers are

initially retain . by st. position. The drivi.ng devjce can be
control | ably act ?j\%{aa'? éeoéaa?ge é’let%érﬁ A 5Sp§°tf°glabeé’r‘:(§ﬁnt6%‘éenb?rgﬁtfffeelsé’f"védéaé%t ed

bal anci ng nesperasys foseryasg 4 baldics pliae of 4 tatiag deate diikabpnghd@nprher from
the first pogjtion to. second osjition to vary the, bal ancing status.
Sensor s andogds%:lc))cﬁ rtt87 ?t%‘?l%ﬁﬁ?? %1%@@ dP‘GC%IéPE%’FBrH%%y hapscing memberigrgnssd us
before and tafteeispbdes ai‘tmaemmﬁcis(b\?rdtiftfbnlwE@%&%dﬂ%ﬁ%rdﬁvin%fdﬁﬁg@f& mbal ance
i s reduced af F.er th ment of the sel ected bal ancig_g menbers, one or

mov,

more ot her bRPEHEF UHBWﬁE"r woyyent pidheplypfid balspoingmenpersi Rephdéilicce in a

sim|ar nmanngiraliytor baltdten LA shb @ 8isiIab 3 Bentel %ﬂtﬂ%éé&%{;hﬁb?hoivénén‘?acr‘eo'- H
e

the inbal ance status of the rotating déevice changes, rotation speed of
the device gﬁiﬁ"“ﬁ% ATERERLA TeY radaliy dnnep pesitiontsad @ eespedtiva gedond wdielly awei ng.  on
bal anci ng ngsegies, i n order to allow the bal ancing nenbers to return to the
first end. In this way the initial state can be restored, and the

bal anci ng procedure can be repeated by displacing one or nore bal anci ng

menbers in di fferenh ROSHh QRS R pfesdil MRl n accordance with a
second aspect of the present invemtion. T e%ngglgkg&%?doﬂ\?iacf8%8¥ TEFTRBY for
varyi ng a bapiaise thestegelisr pfananitehstatebdiet fiednalaacing picbtsa) theplatatityasfd an
al tered balancing members are initially retained at the first position. The driving device can be
confroliably activated to generate a force on one or more of selected balancing members,
s0 as to displace the selected balancing member from the first position to the second

position to vary the balancing status.

Sensors and a controller may be used to determine the balancing status before and
after the movement of the balancing members. If the imbalance is reduced after the
movement of the selected balancing members, one or more other balancing members may
be displaced by the driving device in a similar manner until the desired imbalance
reduction level is reached. If the imbalance status of the rotating device changes, the
rotation speed of the device can be reduced so as to lower the centrifugal force acting on
balancing members in order to allow the balancing members to return {o the first end. In
this way the initial state can be restored, and the balancing procedure can be repeated by

displacing one or more balancing members in different positions in a similar manner.

In accordance with a second aspect of the present invention, there is provided a
method for varying a balance status of a device between an initial state and an altered
state, the rotating device having an axis of rotation, the method comiprises mounting a

plurality of balancing members to the device around the axis of rotation, and displacing



state, the rotating device having an axis of rotation, the nethod conprises
mounting a plurality of balancing nenbers to the device around the axis of
rotation, and displaci ng WO 2005/ 036543 PCT/ S&G003/ 000247 -4 one or nore

sel ect ed bal ancing nenbers to a second position which is away fromthe axis

of rotation. woaehksmisst he plurality of bal anci ng nenbers ﬁ@g@\gmoyﬂmunt ed
for novenent between a respective first radially inner position and

respective second radially outer position. The device rotates while the
plurality of balancing menbers are retdimed at the first position. A force
is applied to a selected bal ancing nenber so that to displace the selected

bal anci ng neshed: rﬁd’r@é@léa&% bfalaflﬁﬁ%ﬁgﬁlb&ﬂs%gego d sﬁgﬁ%%hquﬁbz[g (]io m %%.XISI n the

meantime, the_ renai nder al'anci ng members are retain

respective ‘PfTP@f‘%o%qcflloéthﬁplwléY phadeniiog alenbatsaswevablamostedfor t her ef ore be
varied. |In opg.&Head t, f.orce i ied to the
sel ected bal anci ng rrt{e:frg are%@ot?e?ﬁ%tg%dgﬁ E&er P a&ldﬁgesgﬁ&\fﬁae% er to the
second posi tiagially dei tositinm| bet®ps>emnﬁtattahehmapm:em@yoﬂmlahuﬁlgmefdaérs@MW' e,

conpari son sta us .to determ effect of the

di spl acerren?lf e%aiﬁgﬁteiﬂggﬁse hcc?ilh%pp 1@%@%@%&%%%}@?*@@ gathet @duct i on
of i nbal ancedwgiacﬂésaisnbctgd Bﬂdlcurfgrhéiﬁ)drﬁbﬁﬂtm’lﬁﬁt pditioh sl tHe@eboRd bodi@n 4@ an
accept abl e “ﬁ¥ E Qf . ore anC|n nmenbers can be" displaced by
appl yi ng foreds THREFEGIe Fpamdg ‘?ﬁ%"a‘? peme éﬁ@éeeﬁtaﬂlﬁdéhthﬁéf?ﬁé?%iﬁhl e

| evel , the foseositionn e dtstnatiethnbakais tAdhaBERas S 2680 be fixed to the
second position. If the inbal ance status of the rotating device changes,

t he bal anci ng nmenbers can be returned back to the first position,

ei t her reduci ng Flh@lerdﬁfbaﬁinfbﬂﬁhn %@&?dinélrﬁeﬁcflﬁmg%vdpﬁﬁed t‘arth@a%@c%h'%gla&‘clﬁg?r ce on
bal anci ng nenb :{&I’%dl rection towards the axis of rotation hat one

or nore ot hél?m © thstperted %WCB’@WW%@@ISQ%MMG@@ t he i nbal ance.
BRI EF DESCRI PTI C]\l OF THE DRAW NGS These and ot her aspects and advant ages of
the present invention will be described in detail with reference to the
acconpanyi ng dr afifigeual sigpsiteqinethpdmay mclude, fopmemple tamerivoread Bhowi ng an

appar at us aggieshd\dathOro ARREHD 8l FRA of the displacement of the selected balancing
member. In the event that reduction of imbalance is desired, and if the imbalance is
reduced but not to an acceptable level, one or more other balancing members can be
displaced by applying forces thereon. If the imbalance is reduced to an acceptable level,

the one or more displaced balancing members can be fixed to the second position.

If the imbalance status of the rotating device changes, the balancing members can
be returned back to the first position, by either reducing the rotational speed of the device
or applying a force on balancing members in a direction towards the axis of rotation, so

that one or more other balancing members can be displaced to reduce the imbalance.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the present invention will be described

in detail with reference to the accompanying drawings, in which:

Fig. 1A is a perspective view showing an apparatus according to one embodiment

of the present invention;



of the present invention; WO 2005/ 036543 PCl/ S&003/000247 -5 Fig. | Bis
a perspective view show ng an apparatus according to another enbodi nent of
the present invention; Fig. 2A is a perspective view show ng the apparat us
of Fig. 1A when attached to a rotational device and rotating in an initial
state; Fig. @B®de/m@spartial top view of Fig. 2A; Fig. 3AdfEs@opSosRective
vi ew showi ng the apparatus of Fig. 1A when attached to a rotational device
and rotating in an altered state; Fig. 3Bis a partial top view of Fig. 3A
Fig. 3Cis a partial cross sectional viéwof Fig. 3B along A-A; Fig. 3D is
a partial cross sectional view showing an alternative configuration of

Fig. 3C Fig. 3E#s @& i : ﬁﬁb% i her
alternative conf i%%r%tl?grlilﬁsgéfc?%g.&%g% gl?gﬂfa%%g\gcct%g%{%%g@?} an appar at us
accor di ng t otrelnslirpens 6the presspé inveWionshowi ng an  exanpl e schene of i mbal ance
reduction; Fig. 5is a top view show ng an apparatus according to a further
enbodi nent of the present invention; Fig. 6 is a top view show ng an

appar at us accor dilig 2Adis a pbuspactier viewlshaiing the apfaritheot Hig. 6 semlieni anvapt kon; Fi g.

7is atop v shgwi.n n aratus_.according to a further enbodi nent of
t he presentljof%%ag??%%?q”‘aﬁ’%‘%&?’é%&% B | SG2003/ 000247 - 6 Fig. 8is a

top view showi ng an apparatus according to a further enbodi nent of the

present inventi O%-ig. 2B is a partial top view of Fig. 2A;

Fig. 3A is a perspective view showing the apparatus of Fig, 1A when attached io a

rotational device and rotating in an altered state;
Fig. 3B is a partial top view of Fig. 3A;
Fig. 3C is a partial cross sectional view of Fig. 3B along A-A;

Fig, 3D is a partial cross sectional view showing an alternative configuration of
Fig. 3C;

Fig. 3E is a partial cross sectional view showing another alternative configuration
of Fig. 3C;

Fig. 4 is a top view of an apparatus according to the present invention showing an

example scheme of imbalance reduction;

Fig. 5 is a top view showing an apparatus according to a further embodiment of the

present invention,

Fig. 6 is a top view showing an apparatus according to a further embodiment of the

present invention;

Fig. 7 is a top view showing an apparatus according to a further embodiment of the
present invention;



Fig. 9A is a block diagram show ng a nethod for varying a bal ance status
according to the present invention; Fig. 9B is a block diagram showi ng a
nmet hod followi ng the steps of Fig. 9A with additional steps to reduce the
i mbal ance; Fig. 9Cis a block diagram showi ng a nethod foll ow ng the steps
of Fig. 9A wiidhroosadehssi onal steps to increase the inbal apggqiizl4ED
DESCRI PTI ON OF THE PREFERED EMBODI MENTS Fi gs. 1A, 1B, 2A, , 3A, and 3B
show an apparatus 10 for varying a rotational inbalance of a rotating

devi ce according to one enbodi nent of th& present invention. The rotating
devi ce onto which the apparatus of the present invention is attachable, is
shown generally as a disc 2 (Fig. 2A). Apparatus 10 conprises a base body,
such as a base plate 100, a plurality of bal ancing nenbers, such as twelve
steel balls 202, BO4& s aiqp E@W shoavnigl an apghriatris nepoctiing e, fusiue bmbeliasnt of the
electronagne:mé% ﬁlgxsc,z has an axis of rotation 2a. Base plate 100 has
an axi s of tatt on f&‘66=a, and can be attached to disc 2 through the
alignnent wth axis of rotation 2a. Base plate 100 is therefore rotatable
together with di W t spect to,axis of rotatjon 2a. Alternatively,
ot her nunbers of§§%§”§F§5P°k§w m shguipeggmatied foggargips ¢ halapgepetigan be used

accordi ng t cacthiingreseptestViOREtRHN. Twel ve grooves 102, 104, ..., 124 are
formed on base plate 100. Each groove lies along a radial direction of
base plate 100, and all the grooves 102, 104,..., 124 are disposed along a

circunference of Hase iphaler 489 :A'H | f at | : Chiy, Qr oove
has a first end fg%a, 1104a it 12%2&53?;11?%110%532&%%‘%F%gfe%%?%g'i%% |ﬂglgs. 2A

and 2B for &dfitigas! sigps toiydugafhedehelancs: axi s of rotation 100a, and a second
end 102b, 104b, ..., 124b (only 102b is indicated in Figs. 2A and 2B for
illustration) away fromaxis of rotation 100a. For WO 2005/ 036543

PCT/ SG2003/ 00024 ¥1g. 97 inableclofiagrhinsbewiag harethodifellavisg tiectens offiiz. hewitlent er  of

the steel balhsiotbens a4 I, & 102a, 104a, ..., 124a) to axis of
rotation 100a 1i g refékrrgléf&%geg%;@gﬂ%&g'g. 2B) , and the distance fromthe
center of the steel balls (when at the second end 102b, 104b, ..., 124b)

DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS

Figs. 1A, 1B, 24, 2B, 3A, and 3B show an apparatus 10 for varying a rotational
imbalance of a rotating device according to one embodiment of the present invention. The
rotating device onto which the apparatus of the present invention is attachable, is shown
generally as a disc 2 (Fig. 2A). Apparatus 10 comprises a base body, such as a base plate
100, a plurality of balancing members, such as twelve steel balls 202, 204, ..., 224, and a
driving device, such as an electromagnet 320. Disc 2 has an axis of rotation 2a. Base
plate 100 has an axis of rotation 100a, and can be attached to disc 2 through the alignment
with axis of rotation 2a. Base plate 100 is therefore rotatable together with disc 2 with
respect to axis of rotation 2a. Alternatively, other numbers of the steel balls, such as 18,

306 or the like can be used according to the present invention.

Twelve grooves 102, 104, ..., 124 are formed on base plate 100, Each groove Hes
along a radial direction of base plate 100, and all the grooves 102, 104, ..., 124 are
disposed along a circumference of base plate 100 around axis of rotation 100a. Each
groove has a first end 102a, 104a, ..., 124a (only 102a is indicated in Figs. 2A and 2B for
illustration) adjacent to axis of rotation 100a, and a second end 102b, 104b, ..., 124b (only

102b is indicated in Figs. 2A and 2B for illustration) away from axis of rotation100a. For



to axis of rotation 100a is referred to as Ph (Fig. 313). In one exenplary
exanpl e, all the grooves are evenly disposed. Each steel ball has a

di mrension |l ess than the width of grooves 102, 104, ..., 124. Steel balls
202, 204, ..., 224 are disposed one each in a correspondi ng groove, and
are novabl e BexyweneFibrst end 102a, 104a, ..., 124a andpiherse@pmnds end
102b, 104b, ..., 124b, respectively. A first retaining nenber, such as a
per manent magnet ring 310 is disposed adjacent to first ends 102a, 104a,
., 124a of grooves 102, 104,..., 124. "Alternatively, a plurality of
i ndi vi dual pernmanent magnets 312 may be placed adjacent to first ends 102a,
104a, ..., l2Aaof@gsteNoNind Asthicd foklBe chERS iR s{eeﬁaaﬁé ?@rﬂeﬂ%@‘{h}éﬁ%@ﬁcﬁ st eel
balls 202, 2 224 are_ attached to first ends 2a by an attraction

force Fpntofﬂ%@rhﬁﬁentlhﬁbheﬁmﬂﬁﬁﬁﬂ“@ﬂ@oa&emeﬁehhaﬁﬁﬁﬁﬁ@52@2Amhﬁd 2B. The
nmagnet i zat i offis@fice man magnet s
312 is conflguredH?ﬁ@ﬁﬁgag?QRﬁg%g?{%2%#?%%’?g$ggﬁg%é?gg%%ig%5’to?ﬂ%%

bal | s 202, 2@4xisof rotatppd 0pxisgefenstdeto apRb (L. 3R). over cone centri f ugal forces
Fel of steel ball s 202, 204, ..., 224 when disc 2, base plate 100 and
steel balls 202, 204, ..., 224 rotate under a predeternined oper ati onal
speed. Under thidn Qp@@@mp&irss@iaﬂtplebaltme piaves dO6venBnikpstade [Ballpdites bRA0Ras 204,

..., 224 rot h th t
subst anti ot 150 ehorfredint Bdlblodhe® BF (BECS B S Rubionth 208 s
"initial sta2dure de@aecbhns@aczt mh@gteésba’idzﬂg grhmaaeapmbaabmna&ﬁ fmiteey balls

202, 204, r ot the it st total force Ftl
applied to elgg?ﬁzl%g St 628‘2(? Z’ 103b, 221424%51"35H§PTW BEpm Fel (1)
El ectromagnet 320 is dlsposed adjacent to second ends 102b, 104b, ..., 124b

of grooves 102, and does not rotate with disc 2 and base

plate 100. Wen Asﬂ‘ﬁ‘bfle a@&i&/ﬁltlﬂf’%’l ek 7 aoarmansa wasnet EnediOis diseased 320

gener at es amdﬁbﬁﬁtdi@r@mtwm?ﬁ foance. ma&fgr@pel 2tﬂ)4a sabeched,siRe ,bal |,
all .2Q2. as shown in Fi B and WO 2005/ 036543

such as steehﬁg
PCT/ SG2003/ G624 of Ingivigyp] H’?&n%tl%tlt%lﬁts 3i2may b@elaﬁﬁsisﬁdﬁceﬁéo Btst ended0s 102,
104, ..., 1240and b@kans ehowahess, 18f Wﬂeﬁ% e‘é‘cahgna[rfﬁ%cstteeﬁ BuflBs pgmagnet

320 can be %S ect ed through a sensor
are attached to {irst ends 102a by an attiactlon force Fpm of permanent magnet ring

310, as shown in Figs. 2A and 2B. The magnetization of permanent magnet ring 310 or
individual permanent magnets 312 is configured such that the attraction force Fpm applied
to steel balls 202, 204, ..., 224 is greater enough to overcome centrifugal forces Fel of
steel balls 202, 204, ..., 224 when disc 2, base plate 100 and steel balls 202, 204, ..., 224
rotate under a predetermined operational speed. Under this speed, disc 2, base plate 100
and steel balls 202, 204, ..., 224 rotate in a state in which the balance status is not
substantially varied. In this context, this state is referred to as “initial state”. When disc 2
together with base plate 100 and steel balls 202, 204, ..., 224 rotate in the initial state, the
total force Ft1 applied to each of steel balls 202, 204, ..., 224 is:

Ftl =Fpm - Fcl (1)

Electromagnet 320 is disposed adjacent to second ends 102b, 104b, ..., 124b of
grooves 102, 104, ..., 124, and does not rotate with disc 2 and base plate 100. When
supplied with electrical current, electromagnet 320 generates an electromagnetic force Fe

to apply to a selected steel ball, such as steel ball 202 as shown in Figs.2B and 3B.



coupled to axis of rotation 100a. A controller 340 is coupled to sensor 330
and el ectromagnet 320 to receive detected signals fromsensor 330 and
control the activation and deactivation of electronmagnet 320. Upon
starting of the bal anci ng process, electromagnet 320 is activated when one
of the groowss2003654104, ... , 124 (groove 102 as shownpfEgtgiohddeaissati on)
rotates to a position in alignment with el ectronmagnet 320. El ectromagnet
320 is so configured such that when acti,vated, el ectromagnetic force Fe
generated thereby is greater than total #orce Ftl. As a result, steel bal
202 in groove 102 will be displaced fromfirst end 102a towards second end

102b, as shown i My iy g%tatﬁﬁ @'Mﬁvg’ﬁbsﬁ%ﬁ%ka%@ésqu31"04590?21%1%'?)‘31 &(Zﬁend 102b

centrifugal force Fc2 is a on stee 202, 'Si'nce secon

is |located fqmﬂslfiérmﬁvmweﬁrf@ﬁie@tm@%ﬁ F6tcan bodetcragdhrovehrn fensos 830 Eig 2102a,
Fo2 1S O Al bR dileroBlonioBRCAlNHEARE LAY LOGILNG JRONSLTAAL T on of

per manent magn tic ring IVI per mnent magnet's 312, Ra, Rb and
attraction datroma@ehdod rekive titbectbdéiboM ﬁncgnsmamﬁi)(mmmﬁel the ActRefBor Ra /

Ro (2) Fcl a~ERn ctilfct%nig%le%lot%%g%%g be appreciated that under this

configuration, to second end 102b, centrifugal force
Fc2 applied on steel ball 202 overcones attraction force Fpm of permanent

magnetic ring 310. and therefo when elec romagnet_ 320 1S ctivated to
vt ol bt ounake peig e e b AR S S Rle B B a0 e Bl RIS o2

when di sc 2t1amgiomseozgliaae 104 (RéBleas2 R iRE shatdal) estien &tk gRRIcat | onal
speed. Since steel plLaced fromfirst epd 102a to second end

102b, and stR&EwHEH ‘§1al %iactf%@et% Blectyspagnetda) i soreoptigused sy daipher 1064,

., 124a, hafangeelsd@biagnddt f6lbSEe &ﬂeﬁ&téﬂ%ﬁér&% ated RhiSrof@ Rir€kt1, WRlas state
is referred to as "altered state". WO 2005/ 036543 PCT/ SG2003/ 000247 -9 By

conparing t kesulbaieghball 2R dp goows L2l herigpiaged %?Iatﬁést oBth H e figvards seeprsl
state”, theen@id®Chs Bbwh REFi¥aRIAALEIGR, can be determ ned. In the event that

reduction of inbalance is
When located at second end 102b, a centrifugal force Fe2 is applied on steel ball
202. Since second end 102b is located further away from axis of rotation 100a than first
end 102a, Fc2 is greater than Fel. By properly configuring the magnetization of
permanent magnetic ring 310 or individual permanent magnets 312, Ra, Rb and attraction

force Fpm satisfy the following conditions:
Fcl /Fc2 =Ra/Rb @
Fcl < Fpm < Fc2 3

It should be appreciated that under this configuration, when being displaced to
second end 102b, centrifugal force Fc2 applied on steel ball 202 overcomes attraction
force Fpm of permanent magnetic ring 310 and therefore, when electromagnet 320 is
deactivated to remove electromagnetic force Fe, steel ball 202 stays at second end 102b
when disc 2 and base plate 100 rotates under the predetermined operational speed. Since
steel ball 202 is displaced from first end 102a to second end 102b, and steel balls 204, 206,

., 224 remain at first ends 104a, 1064, ..., 124a, balance status of disc 2 is varied. In

this context, this state is referred to as “altered state™.



desired, and the inbal ance has not been reduced to an acceptabl e |evel,

el ectromagnet 320 nmmybe activated when anot her groove, such as groove 104,
rotates to a position in alignnent with el ectromagnet 320, so that steel
ball 204 in groove 104 can be displaced fromfirst end 104a to second end
104b. Wth t W dxphbaszenent of steel ball 204, the bal apegsciaddag0f di sc
2 is further varied, and conparison of bal ancing status can be nmade again
to determine the variation of the |nbala@Fe Further steel balls nmaybe
displaced in a simlar manner until the“desired imbal ance variation |evel
is achieved. If the inbal ance status is changed after steel ball 202 is

di spl aced to the Bﬁ@mnﬁnnmdbam sklsafr iRNAitig BRRM ofd 1digitrdl £A&, R | Ower ed
so that the c fgﬁﬁi‘éilf{%‘e forc on steel ball 202 can be reduced. 'Wen

centri fugal agol g etdﬁ‘ﬁﬁmﬁﬁfi rIa ¢e syttt sestuting o imbgdaicaiment
magnet i c 11 ngesi#dd aneheehblbl 0% bELYEdEed 8 of hicthiabR %ilh %@fquﬁa[%f:a%banc' ng

process can then be repeated by displacing a ferent stee SO t hat
a new | evel B b afsat ‘Ehﬁmﬁapthawreweeawhb%gra@m ¥ engtatdsrio appiifiwdni ons where

axis of rot may be
tilted tomfﬂfﬁgﬁlﬁygﬁe%g%? n'f’%"& t%{h?ﬁt%g 52 g %ig(%zcan.%%isl’lf%‘%ﬁ | ower
t han second @wﬁlﬂgmioﬂ@mewm end 194, Wﬁbtftehhﬁplatcanassafsfeemmleéd)tl el | s 202,
204, ..., 22 c t] Sirst :

Two or mor e%s%%e ﬂ%gﬁa&;ﬂé&%ﬁg gh)gthre @Z%Eg’tl V&Y padl S%‘b?%@éﬁc’flg {;ﬁlé C?éfgeorﬂﬁf%end in
the above rigpinde det@owuhe varkitign oﬂIhaSnl&ﬂBnee( a}mi)ihez, stédbmillssﬁ@ﬂie dipldeed @r e

di spl aced t%s’iPﬁzg?ﬁa%gé} lFlIPldSGSl gng n}g%varle 10% 1'%?:5% nce U of a disc

42. Centrifuga or ces aII forma
resul t ant force F which acts opp05|te to, and reduces inbalance Ul. Fixing

nmeans may be pro ed .at second. e 0 ves tQ perpmanently or
temporarily att agfﬁgowg’agp Qn%?tgsﬁé P‘ie?ﬁ%?té |b§ﬁ@§% jsdisplacedhig tg‘éi?@?fﬂi end. In
one exanpl e ead, thesﬁotﬁmnampdEdgfd@cZaﬁf&sw&eéﬁﬁth@trthé &ud e féz§e & Qvd dgd at
second end When_sel ected steel "balls are displaced

to second e?@g &%%‘?ﬁéﬁcgm% eWP‘é%EﬂnFlfB$al f%ﬁfa?cgﬁ%@ss\/@@@%?t@Bé@%Fpm of
PCT/ SQ003/ p&trddidnt makfetic ring 310, steel ball 202 returns to first end 102a. The balancing

process can then be repeated by displacing a different steel ball, so that 2 new level of

imbalance variation can be achieved,

In applications where axis of rotation 2a is vertically orientated, grooves 102, 104,
... » 124 may be tilted towards axis of rotation with first end 102a, 104a, ..., 124a lower
than second end 102b, 104b, ..., 124b, so that to assist steel balls 202, 204, ..., 224 0

attach to the respective first end, as shown in Fig. 3C.

Two or more steel balls can be respectively displaced to the second end in the
above manner. Shown in Fig, 4 as an example, four steel balls are displaced to the second
end in order to reduce an imbalance Ul of a disc 42. Centrifugal forces F1, F2,¥F3 and F4

of cach steel ball form a resultant force F which acts opposite to, and reduces imbalance
Ul.

Fixing means may be provided at second end of the grooves to permanently or
temporarily attach one or more selecied steels balls at the second end. In one example as
shown in Fig. 5, adhesive 580 or the like is provided at second end 502b, 504b, ... , 524b.

When selected steel balls are displaced to second end whersby the result of imbalance



reduction is acceptable, adhesive 580 fixes the steel balls at the second
end to forma permanent inbal ance-reduction apparatus. |In another exanple,
the grooves are filled with a solidifiable liquid 590. Wen sel ected st eel
balls are displaced to respective second end to yield a satisfactory

i mbal ance reW@c0¢gR6desult, liquid 590 is solidified by parsxbherongl7
excitation (not shown), so that the selected steel balls can be permanently
fixed at the second end. In another exaﬂyle shown in Fig. 3D, where axis
of rotation 2a is vertically orientated, grooves 102, .104, ... , 124
(shown as groove 114 for illustration) may be tilted away from axis of

rotation. sugbudibais debdpidble? AdhediV2850 A4 dhe steel balld 2kBe ERBAYNAAS fdrinlast  end
114a for iIIustrati,B) i s higher than second end 102b, 104b, ..., 124b

(shown as seRBHEUEHPAILIOT AR PPRISH YRR aipther spmmladhsgeryes seflPdWEk speed
isr educed ééwlalffabllethadd%@nf '\mﬁ @élb&&i sté’éﬂ i)elus%?éd@tlac%& f%% rpgétlde%cc%ﬁéend

204, 4 (shown as steel il lustration) attac
second en d MWM BEptisaeiary lmhﬂlﬁil‘@ 16‘3@1011 Iﬁsuifn beie FokisanmidiBedkhiomrextemaki g.  3E,

where axis Qb tﬁah?ﬁdt% éo%hé{%etéef%@l!ed ¥tea%hﬁﬁaﬁ%ggmn§§%ﬁl\§?ﬁce(&%}le 104,

, 124 have a recess or st (onl'y one recess or st I's shown for

i | lustrati orfecadjendent to second end 114b so that mhen rotational speed is
reduced, this recess or step assists to retain steel balls 202, 204, 224
at the second ends, as shown in Fig. 3E with one steel ball 214 for
iIlustration. Aslsaovwher exanfilgshobn in RigadD appas atitef ramdor 2H gertically furt her

enbodi nent of rese enti t wo ou f ooves . 650, a 660 are
formed on aotl)lgétgt% %’I ?ove%g(é)z i Fi P g{l(sa?% ?ngid%\{;oé'gﬁ‘ég%émfﬁ?aébﬁﬁﬁ@nsi on
smal | er t hamwagfdmaxis odlrcstpﬁrﬁmiiclaﬂla’eﬁk@ﬂbnd(lbﬁaﬂmce qu@h&ma@@m&n@r oup of
grooves 660. | 652 a d at rooves 650.
When bei ng c}llgﬂgﬂ 8@8“% f‘r“fén% R/‘F%@ecﬁ‘lé{ﬁ“égla%lﬁgox%l gg]ez%)z oo st eel
bal | s 662, @5(21mrfobﬂu§;falueﬁ); Ed&bWﬁHn&@daﬁ&ﬁﬂs cdd 'R r&d¥BLd, 8fis ﬁﬁcﬂ%bnﬂ?@sﬁ‘dt@nc an be
used to flne une tdg @R%@a&fe variation / reductlon in conPIenentln

with bi gger "Gl assfst stpgibp g’rzdﬁ wa gosteshball Rlfor ilsteatign) tp attagh tan
appar at us ageRndkRyl 148, ARBEME M 18T 'Iiﬂﬁr{?orthePE}cahﬁﬁe sHBHASE P, SIVARE R

per manent nagnetlc bal ancers 760 are novabl y di'sposed in grooves 0

Per manent mRGTELICR 285 RHicels orretrtet grogyesg83lddni. t H24rhevarishes Pesigiol e, such

as N {ontly one recess or step 254 is shown for illustration) adjacent to second end 114b so that -
when rotational speed is reduced, this recess or step assists to retain steel balls 202, 204,

.., 224 at the second ends, as shown in Fig. 3E with one steel ball 214 for illustration.

As shown in Fig. 6, in an apparatus according to a further emibodiment of the
present invention, two groups of grooves 650 and 660 are formed on a base plate 600, A
first group of grooves 650 has a dimension smaller than, and are disposed at each
clearance of, the second group of grooves 660. Smaller steel balls 652 are movably
disposed at grooves 650. When being displaced by the driving device 610, bigger and
smaller steel balls 662, 652 can be selectively displaced. The smaller steel balls can be
used to fine-tune the imbalance variation / reduction, in complementing with bigger steel
balls 662 in grooves 660.

As shown in Fig. 7, in an apparatus according to another embodiment of the
present invention, permanent magnetic balancers 760 are movably disposed in grooves
750. Permanent magnetic balancers 760 are disposed with one magnetic pole, such as N-

pole, facing the axis of rotation 72. In this embodiment, a steel ring 730 is disposed



pole, facing the axis of rotation 72. In this enbodinent, a steel ring 730
is di sposed WO 2005/ 036543 PC 1/ S62003/ 000247 -11 adjacent to the first
ends 702a of grooves 750 such that when rotating in the initial state,

per manent magneti c bal ancers 760 are attached to steel ring 730. During the

process of redumingssetati onal inbalance, if a sel ected pefs@IGhzaRONELI C
bal ancer is displaced to second end 702b and yi el ds an unsatistactory
result, the electronmagnet 710 can be ac%{vated by supplying a reverse

el ectric current thereto, so that a repulSive force is generated to push

t he sel ected permanent nmagnetic bal ancer back to first end 702a restoring

the initial ; . Alak 4 . hat the
dosi red | bl e R0 B RE T30 R gt o P SR B iR el
enbodi ment ofermprenpmegehie bilancent7o0 aresttaskhnd fostdel grg B30.an  appar at us for

i mbal ance reduction conprises two base plates 850 and 860, both are
attached to the rotating device 82 and are rotatable together. The top

plate is shown damingdidprowmst ofavdipifoastataabinthlantd, ifstsehticOpermangld base

pl ate has grooves fornmed t.heregn and .o et of bal ancers novably di sposed
in the gr oovnégg.’mﬁ%%a?%lﬁfréﬁé‘éﬁgce@é% 5688“%“@&02‘&%10 %?JQS ThEspslsiry 1,’69%1}: the
el ect r omagnedletBh@genl 06:20 be kbtiyatcd Ay siiPNinda fREROHAHOcRieni HBBloARCHAL

reducti on accordi.ng.to .the present nvention. In a first block 910, a
plurality ofa”ﬁﬁlﬂﬁﬁ‘gfoﬁcﬁl ‘Wﬁ&‘% t%lP’éghébacsé’ ted peragent myEasticdrkrca biskde - at a
first positifas oadj7emasiioring BOnR §taRf ThObAkcHR Pceld@n BRKILE SepehtBd & Next

bl ock 920, tﬂe device'is rotated while the plurality of bal ancing nenbers
are ret ai nedn&he depigedimpalpnagseductiogoanbg aaingsh t her bi ock 930, an ext er nal
force is applied on one or nore of the plurality of balancing nenbers to
di spl ace the bal ancing nenber fromthe first position to a second position
away from the axi$cHfing gt atirther enpbedinrat pighnpricsrat inyprsionshewmineiie. & an he

bal anci ng_ maghekits AF Suekel Rathidh bl £ vAR051IL 8% alledbalane ng status
can now be Vvaried. As shown in Fig. 9B, int event that’ reduction of

i mbal ance i $tterdsd fodlic rofdiak dpGerad2 angraqrotatele toarthand@he fop phitois khe0,
conparing t %ﬁl’ti‘&ﬂ?&lt efFror LRAE S IRELRLS. %chll ke Iﬁgt%%gs érggves formed thereon and

one set of balancers movably disposed in the grooves. The balancers can be displaced by

the respective electromagnets 810 and 820.

Fig. 9A shows a method 900 of imbalance reduction according to the present
invention. In a first block 910, a plurality of balancing members are attached to a
rotational device at a first position adjacent to an axis of rotation of the device. In a next
block 920, the device is rotated while the plurality of balancing members are retained at
the first position. In a further block 930, an external force is applied on one or more of the
plurality of balancing members to displace the balancing member from the first position to
a second position away from the axis of rotation. In the meantime, the remainder of the
balancing members are retained at the first position. The balancing status can now be

varied.

As shown in Fig. 9B, in the event that reductjon of imbalance is desired, additional
steps may include, in block 940, comparing the imbalance status before and/or after the
displacement of the at least one balancing members. If the imbalance value is reduced but

has not reached the desired level, one or more other balancing members are displaced fo



di spl acenent of the at |east one bal ancing nenbers. |If the inbal ance val ue
is reduced but has not reached the desired | evel, one or nore other

bal anci ng nmenbers are di splaced to WO 2005/ 036543 PCTI S&003/ 000247 -12

t he second end (block 942). If the desired inbal ance reduction is achieved,
t he di spl acewo 2belvassas ng nmenber can be fixed at the secopdrades@sashown in
bl ock 944. |f the inbal ance value is undesirably increased, the nethod
further conprises, shown in block 946,1%glomﬁng the at |east one of the
plurality of bal ancing nmenbers to nove Hack to the first end, and
repeating the bal anci ng process by di spl aci ng anot her balanC|ng menber

(bl ock 948) .md éec&m%h@om& sauafrme%tegéedtﬁ%aaﬁda@e@e@dms Qémév*e@ R &i3RMed

invention is not limted reduction of inbalance, but can al so be
ext ended |nb&}@mmwpmbwssamh@ﬁéedtaﬁémsnwé@s@ apphovninhlosh844.i s desirable. As
shown in Fig. 9C in the event that increase of inbalance is desired,
additional steps may include, in block 950, conparing the inbal ance status
bef ore and/or affiter inttalnck thledsem@mrab@f intrassedtthd ma‘chod fmbeta@irgpnisésng

menbers. cre ed b not. ached the
desired | eve{igﬁbﬁlg’? % RA aéb?"mrgt ﬁe aﬁ?ﬁ?éﬁm n§ plu %'Fmgéﬁ emcqgrasggd to the
second end @hheb&*&Bﬂkfwumnﬁheddg&mhgﬂh¢nﬁﬁkam@ﬂxtndmem$6mu@@hmﬁmed, t he

di spl aced b @ncin C be fixed at the second end, as shown in

bl ock 954. 2??%5%ﬁ%§$2ﬁ89‘@§pue i s undesirably reduced, the nethod
further conprlses shown in block 956, allow ng the at | east one of t he
plurality of bal othe. first r epeat

b d,
t he bal anci ng prﬁnCI n%"?@?%{??@%ﬁﬁ&“%lﬁr@@e RS%CQHEY%"%WBEE’“ '(9(,‘1% 958) .

Al t hough enmbgEiaRNf smBlardcBSHupERSEM bel RIBMA 18 BpRYEonE 9Brei thd MSlekdtogd 1 n
conjunction with the acconpan i ng,draw ngs an described in the foregoing

detai | ed d&8Raiguse |sslgsirable. PRI BEHig i é%ihateéﬁltfh%w&ew@ of HPRANICEH i s not

limted to hbhec8HSHLAR Heds mey $60AS edlv1cANGSd, 8o Elt}f‘e iR a AR RS e fore
rearrangenents, nodificatlons, alternatives an substitutions w thout

departing f pisHeiaier Bprisplecament efhe mlesst pnsrbalsscigpmemershItibrimbslanced by

value is increased but has not reached the desired level, one or more further balancing
mernbers are displaced to the second end (block 952). If the desired imbalance increase
achieved, the displaced balancing member can be fixed at the second end, ag shown in
block 954,

If the imbalance value is undesirably reduced, the method further comprises,
shown in block 956, allowing the at least one of the plurality of balancing members to
move back to the first end, and repeat the balancing process by displacing another

balancing member (block 958).

Although embodiments of the present invention have been illustrated in
conjunction with the accompanying drawings and described in the foregoing detaiied
description, it should be appreciated that the invention is not limited io the embodiments
disclosed, and is capable of numerous rearrangements, modifications, alternatives and
substitutions without departing from the spirit of the invention as set forth and recited by

the following claims.



the follow ng clains. PCT/SG2003/ 000247

varying a bal ance status of a rotating device between an initial
an altered state, the rotating device having an axis of rotation,
apparatus conprising: a base body for attaching to the rotating device to
rotate theretogether; the base body having an axis of rotation for

alignnment with the axis of rotation of the device; a plurality of

bal anci ng menbers arranged to be di sposed around i 10 rotation
of the base body, each novably nountegyto the bas%gﬁggébiggﬁgabvenent
between a respective first radially inner position and a respective second
position; a driving device for displacing at |east one

radially outer

sel ect ed bal@ndiMig nenber fromthe
for varying the bal ance status of the 15 rotating device,

-13 CLAIM5S 1. An apparatus for

state and
the 5

first position to the second position
and a first

retai ning device operable for applying a retaining force to retain the
plurality oflbal Aheiefgisfentsaing adulpgelans oligrotptiag ferice PV FRER WHB5i tion at a

predet erm ned spgRghn@hn ARRA &hte Qe Bfatit MRviEQAhd AGxE 6MbGEon, tNBEr €I n t he
driving device conprises an el ectromagnet for applying an 20

el ect r dmagnet i c PBFHE PHPEIEL| ect ed bal anci ng menber, wherein the

el ectromagnet i c f of 6R: 4¢ e dSchindBlIRNGGInQ Hevida @ biak diervtoggghdrphct@sari nus a
centrifugal force experienced by the. sel ected balancin er- at the first
B{E aving ag étfug 8} B \ixoéxﬁ‘%ri aﬁ%mﬁrét rx]%tlh?he Akl Bf ‘{gﬁg&f df

position to displace

er from

Irst position

to the second positihedevi@s 2. The apparatus as recited in claiml, wherein
for the predeterm Qﬁgmﬁ;@ g@bqlagcting members arranged to be disposed around the axis of

10
15
20
25

2.
30 3.

rotation of the base body, each movably mounted to the base body for
movement between a respective first radially inner position and a
‘respective second radially outer position; '

a driving device for displacing at Jeast one selected balancing member from the
first position to the second position for varying the balance status of the
rotating device, and '

a first retaining device operable for applying a retaining force to retain the
plurality of balancing members at the first radially inner position at a
predetermined speed of operation of the rotating device, . |

wherein the driving device comprises an electromagnet for applying an

. electromagnetic force to a selected balancing member, wherein the
electromagnetic foroe exceeds a balance of the retaining-force minus a
centrifugal force experienced by the selected balancing member at the first
position fo displace the selected balancing member from the first position to

the second position.

The apparatus as recited in claim 1, whetein for the predetermined speed of
operation of the rotating device, a centrifugal force esperienced by the selected

balancing member at the second position exceeds the retaining force.

The apparatus as recited in claim 1, wherein the first retaining device further

comprises a plurality of permanent magnets disposed adjacent to the plurality of



operation of the rotating device, a centrifugal force experienced by the
sel ected bal ancing nenber at the second position exceeds the retaining
force. 30 3, The apparatus as recited in claim1l, wherein the first

retai ning device further conprises a plurality. of permanent magnets

di sposed adjacent to the plurality of PCT/SG003/000247 -14 4. The
apparatus as recited in claim1, further conprising a second retaining
device coupled to the base plate for retaining th I i of bal anci ng
menbers at the second position. s 5;1Ihe apparat3§T§§5&§@P¢%H in claimd4;
wherein the second retaining device further conprises an adhesive for
permanently fixing the at |east one of the plurality of bal anci ng nenbers
at the second position. ro 6. The apparatus as recited in claim4, wherein
t he second rgtai gy ice furth Tneld iy bk £ J: diquid for
per manent |y %ixiEgﬂgﬁ%&§ﬁgF%%%f&%§%Ibﬁﬂgﬁghﬁgﬁﬁ%g%ﬁ#gg%%ﬁﬁg%gﬁcing menber s
at the second posivplediv.thebasePhes fappainie ths phislityot bdaselng mereiedi*hPa, wherein the
base body having,a.pl &gl ty of 15 grooves coupled around the axis of
rotation of the bo y,” each groove having a first end corresponding to the
first position and second end corresponding to the second position, and
the plurality of ThadaRahg IRAREHSmPSHRGNRY A retisRORad: fMthdi n t he
plurality of grooves, 20 ?._TGe appar%tyg %ﬁ r?citedfin FlﬁlQ&7’ wherein
when the axis of SHERaesEDHbpLveyEpeTnEagfly IXRg hedt foat 8eF OT PR EEEEShd end of each
of the pluralitybfinchb&egbdoy s sdcondfpsitimd | ower than the first end for
retaining the plurality of balancing at the second position by gravity. 25
9. The apparatus as recited in claim?7, wherein when the axis of rotation
is vertécal | offhesppattechs reckd iptlaimal whopeinthe schad getadsnedevicgoethEr conpri ses a
recess adj acent {0,108 . SRGANY HERG fimbEh Do tNEsine begst one of the

plurality of bal ancing ne o
plurality of balancing members at the second position.

7. The apparatus as recited in claim 1, wherein the base body havin g. a plurality of
15 grooves coupied around the axis of rotation of the body, each groove having a first
~ end corresponding to the first position and second end corresponding to the second
position, and the plurality of balancing members being movably disposed within

the plurality of grooves.

20 8, The apparatus as recited in claim 7, wherein when the axis of rotation is vertically
orjentated, the second end of each of the plurality of the grooves is formed lower

than the first end for retaining the plurality of balancing at the second position by

gravity.

25 9, The apparatus as recited in claim 7, wherein when the dxis of rotation is vertically
orientated, the plurality of the grooves further comprises a recess adjacent to the
second end for retaining the at least one of the plurality of balancing members at

the second end.

30 10.  The apparatus as recited in claim 7, wherein the plurality of balancing members

being magnetized and each having a first magnetic pole facing the first end.



the second end. 30 10. The apparatus as recited in claim7, wherein the
plurality of bal ancing nmenbers being magneti zed and each having a first
magneti c pole facing the first end. PCT/S&003/000247 -15 11. The
apparatus as recited in claim?7, wherein the plurality of grooves further
conprises a first group of radially aligned grooves fornmed on the base
plate for housing a first group of bal anci ng nmenbers, and a second group

of radially aligned grooves each forned in a cle first group
of radially aligned grooves 5 for housing a secongaggéﬁgg@gbgglanC|ng

menbers, wherein the first and the second groups of grooves house
balanC|ng menbers of different nmass. 12. The apparatus as recited in claim
1, wherein the basepbodys 6 anjpdiisilang 7avhekagetht ploraly offgzosucs fitliffes, each havi ng

one group of bal angﬁ%gvabfzfng% R ARPRBE M RUAGhBRord e ph 0 Totali o of

t he base body, 0 one base pl ate vene t between a
respective f|rsthmEMEaﬁﬁygmmméEmwggﬁm@@ﬁmaﬁéa&”@@&ﬁﬂﬂ“?ﬁh? 8 ut er

position. 13. A prihodh @ é/d%y&léhgan@eo@ﬁie%las@goﬁi@mdﬁi1p£hg@ed@ﬁ>wme bet ween an
initial state and an 1s g? ered state, the rotat| g %ﬁﬁe ving an axi s

of rotation, theﬁhﬁWﬁ@&a@@W%Mﬁ%TﬁﬂmmmWﬁUﬁPWﬁﬁﬁﬁﬁﬂmﬁ 4 anci ng

menbers to the dg%m%%fg@@&gﬁm&hﬁmﬁ%g%mﬁ%mﬁ@Lﬁﬁm@Mmmsach belng novabl y
nount ed for novenent between a respective first radially inner position

and a respective second radially outer position, the balancing nenbers
being initialdy mﬁu@@ﬁdnﬁﬁr@hﬁniﬂﬁﬁﬂ Pisdit fhobyse Ay ratpasingd lefiévdevi ce whil e
retai ning the pl bal anci n ‘ fob LStndRRSkE 1 on;

di splacing at le ??pgﬁge§:P@@F°]e%é éﬁ@g%%n %%m&ﬁﬁ%oeig second position to
vary the baIanceosmanm&ﬂdmbthMHBmdGEW%QMPWéﬂﬁ@mﬁﬂﬁﬁn@“ﬁﬁ@“W@WﬁFnder of the

bal a‘nCI ng menber BetLent aqgspécﬁ%qg& trafd}éﬁy fhd %5311:{59 Shd 4 L34 radi@lly outer

position.

13. A method for varying a balance status of a device between an initial state and an
15 altered state, the rotating device having an axis of rotation, the method comprising:
mounting a plurality of balancing members to the device around the axis of -
rotation, each being movably mounted for movement between a resp ective
first radially inner position and a respective second radially outer pdsit1011,
the balancing members being initially mounted at the first position;
20 | rotating the .dcvice while retaining the plurality of balancing members at the
first position;
. displacing at least one selected balancing member to the second position to
' vary the balance status of the device, while retaining the remainder of the
balancing members at the respective first positions,
25
14.  The method as recited in claim 13, further comprising applying an elegtromagne‘fic

force to ciispiace the at least one selected balancing member to the second position.

15.  The method as recited in claim 13, further comprising retaining the setected

30 balancing members at the second position,



14. The method as recited in claim 13, further conprising applying an

el ectromagnetic force to displace the at |east one sel ected bal anci ng
menber to the second position. 15. The nethod as recited in claim 13,
further conprising retaining the selected 30 bal anci ng nenbers at the
second position. PCT/S&003/000247 -16 16. The nethod as recited in claim
15, further conprising adhering the selected balancing nenbers at the
second position. 17. The nethod as recited in claim15 %@%&er .conpri sing
solidifying a liquid to fix the 5 S§L6e_ct ed bal ang¥ H§CHHe at the second
position. 18. The nethod as recited 1h claim13, further conprising

allowi ng the selected balancing nenbers to nove back to the first

posi tion. 1Q0619. ThEhetmethedican checi L eethirnoapraingrdiingftherstlbatad conpri si ng
repul sing the sel ect.ed al apcin (s to nove back to the first

posi tion, 20. Tﬁ[??aﬂ%%%g&ae}ssa%%?e é’g%?rg%%%l aim 13, further conprising, if an
i nhal ance is reduced but still greater than a predeterm ned reduction

| evel , displ,acin _ . i RENReL e from t he
axi s of rot e%?i ogﬂ}eg'gcfﬂﬁrﬁt‘ltg?lgggc?g%’ga ﬁgﬁ?%ggﬁasﬁl g(%ﬂag}f The nethod as recited
in claim 13, furtcherd cbampng semdyrs i the sgeenfd pydlicince is increased but still

| ess than a predeterm ned increase |level, displacing at | east one other

bal anci ng nmenber _away fromthe axis g}:ﬁrot ation Ho.fut{thﬁrtﬁd' ncrease the

i nbal ance. 180 2Bhe mgthod siyaeitet elapp i3, JuthericAgP R B A GG EFET s of a rotating
devi ce between agulinBihg indhberssb abe bando a8 finl jesitieg] state, the rotating device
having an axis of rotation, the apparatus conprising: a base body for
attaching to the rotating device to rotate theretogether; the base 25 body
havi ngi@n axios OThemdiakliarcifed in cilith §8) firethtr coinpdivinghepulaivg e ofeciedt at i on of  the

device; a plural faaﬁ%ci%mlé’z%llae?sncgim@%bm%%rs%orsﬁi&ge‘j to be disposed around the
axi s of L

20.  The method as recited in claim 13, further comprising, if an imbalance is reduced

but still greater than a predetermined reduction level, displacing at least one other

15 balancing member away from the axis of rotation to further reduce the imbalance.

21, The method as recited in claim 13, further comprising, if an imbalance is increased
but still less than a predetermined increase level, displacing at least one ofher

balancing member away from the axis of rotation to further increase the imbalance.

22. ° An apparatus for varying a balance status of a rotating device between an initial
state and an altered state, the rotating device having an axis of rotation, the'
apparatus comprising!

a base body for attaching to the rotating device to rotate theretogether; the base
25 body having an axis of rotation for alignment with the axis of rotation of
the device; | _
a plurélity of balancing members arranged to be disposed around the axis of
rotation of the base body, each movably mounted to the base body for
moﬁcment between a respective first radially inner position and &

30 * respective second radiaily outer position;



rotation of the base body, each novably nounted to the base body for
novenment between a respective first radially inner position and a. 30
respective second radially outer position; PCI/SG003/000247 17 a driving
device for displacing at | east one sel ected bal ancing nenber fromthe
first position to the second position for varying the bal ance status of the
rotating device; wherein the base body having a plurality of grooves
coupled around the axis of 5 rotation of the bod e having a
first end corresponding to the first,;position anécgggﬁﬁaggﬁgycorresponding
to the second position, and the plurality of bal anci ng nmenbers bei ng
novabl y di sposed within the plurality of grooves. 10 23. The apparatus as
recited in clai m 22 drifivg dehier fordspircing dingstans jekested akpdte gy B operabl e
for applying a retai pjng fQr Foethe.tsgcoﬁc?fyo@{ti@n {"ok]@arﬁllxd;rﬁ@.lalaﬁéé s@fus GBhANCi Ng menber s
at the first radially 1hner position at a predeterm ned speed of operation
of the rotating devitgatingi®4, The apparatus as recited in claim23,
wherein the first gatgl, ﬁie%gse@_@‘&&ih%@ MBS of pFRMRLISRS adumilieraris bty Of
per manent magnets di spose adLacent to the pluyrality of .thtbaIanC|ng
memberss 25, The appafiatonsf Biebqdcrdgiporrhayngp Fsrsd cFEede R ipri si ng a
second retaini ng devifeg postfn eBloedenti Qut@nbiage trlsabs fodtion, etddhni ng the .
plurality of balancing m rs at the second . positi . appar at us
as recited in claim fgﬁﬁggﬂﬂﬁmgﬁﬁmgﬁgﬁﬁﬁ“Pé?@?%‘ﬁ§9§g$$@%p1%??her
conpri ses an adhesi vefg@sveper manently fixing the at | east one of the
plurality of 25 balancing nenbers at the second position. 27. The
apparatus as recited in claim25, wherein the second retaining device
furthero comdi s@be mpsohd aideitalih daini2dufinghef eppirg e AHISF 4%y t he at
I east one of the operable for applying a retaining force to retain the plurality of balancing members

at the first radially inner position at a predetermined speed of operation of the

rotating device.

24,  ‘The apparatus as recited in claim 23, wherein the first retaining device further

Yot
o

comprises a plurality of permanent magnets disposed adjacent to the plurality of

the balancing members.

25, 'The apparatus as recited in claim 22, further comprising a second retaining device
20 - coupled to the base plate for retaining the plurality of balancing members at the

second position,

26.  The apparatus as recited in claim 25, wherein the second retaining device further
comprises an adhesive for permanently fixing the at least one of the plurality of

25 balancing members at the second position.

27.  The apparatus as recited in claim 25, wherein the second retaining device further
comprises a solidifiable liquid for permanently fixing the at least one of the
plurality of balancing members at the second position.

30
.28, 'The apparatus as recited in claim 22, wherein when the axis of rotation is vertically



plurality of bal ancing nenbers at the second position. 30 28. The appar at us
as recited in claim?22, wherein when the axis of rotation is vertically
PCT/ SG2003/ 000247 .18 than the first end for retaining the plurality of
bal anci ng at the second position by gravity. 29. The apparatus as recited
in claim22, wherein when the axis of rotation is vertically 5 orientated,
the plurality of the grooves further conprises a recess adjacent to the
second end for retaining the at | east one of the f.. bal anci ng
nenbers at the second end. 30. The apparatus as ?8§&§%g£¥%93 ain122;
wherein the plurality of balancing nenbers 10 being nmagnetized and each
haV|ng a first magnetic pole facing the first end. 31. The apgaratus as
recited in cl ai mh22he Ailemeifa réddngphapahlity Mbelﬁncglg@tibfeﬂe'}coﬂ@u&(tsﬁ’é’r‘ Y conprises a
first group of rad| IIy al i gned grooves forned on the base plate for
housing a first oup of bal anci ng nenbers, and a second group of radially
aligned i 5 grooves each forned in a clearance of the first group of

radially ali “edrﬂﬁagM S%Pﬁ&mhp&ébﬁg\@méﬁgﬂﬁgmg&&Mﬂn&ﬁmbﬁh&ﬂ&Mﬁg menber s,
wherein the tirst a e second groups of gr.Qoves %ﬁ anC|ng nenbers

of different masstienBd, ﬁr?ﬂéuralﬁb%fr@t@i‘é“’%@f#hé’i:‘ioﬁ’é’élse? hrees *Mherein the

base body conpri §éc&ﬂeﬁ&fok?e@&ﬁﬁng@l@a'ftbéﬁbt&@%ﬁm@bl@ﬁﬁ@pf@&ﬁ&mmmgabne group of
bal anci ng nmenbers di sposed around the axis of rotation of the base body,

and novably coupﬂ@é“?%“ﬁﬂe base plate for novenent between a respective
first radially inner p05|t|on and a second radially outer position. 25 33.

An_apparat us f Or Var ﬁax%ﬁsta&w gcdé? cé%;m atﬁ‘e‘z?em %aﬁurﬁl%gtgal@&ug%/eh@%s bet ween an

initia statk e o vi ce having an axis of
rotatianm, the apmgzaagnstl.aecbmoleacsimglgafmst baseﬂ@@éﬂfaqhtgﬁheeﬁwté%l ng to the
rotating device to rotate theretogether; the base

31.  The apparatus as recited in claim 22, wherein the plurality of grooves further
comprises a first group of radially aligned grooves formed on the base plate for
housing a first group of balancing members, and a second group of radially aligned

15 grooves each formed in a clearance of the first group of radially aligned grooves
for housing a second group of balancing members, wherein the first and the second

groups of grooves house balancing members of different mass.

32, The apparatus as recited in claim 22, wherein the base body comprising at least
20 two base plates, each having one group of balancing members disposed around the
| axis of rotation of the base body, and movably coupled to one base plate for
movement between a respective first radially inner position and a second radially

outer position,

25 33, Anapparatus for varying a ‘baianco status of a ratating device between an initial
state and an altered state, the rotating device having an a::;_is of rotation, the
apparatus comprising:

a base body for attaching to the rotating device to rotate theretogether; the base
body having an axis of rotation for alighment with the axis of rotation of

30 | the device;

a plurality of balancing members arranged to be disposed around the axis of



body having an axis of rotation for alignment with the axis of rotation of
30 the device; a plurality of bal ancing nenbers arranged to be di sposed
around the axis of PCT/S&003/000247 -19 novenent between a respective
first radially inner position and a respective second radially outer
position; . a driving device for displacing at |east one.sel ected bal anci ng
menber fromthe first position to the second position for varying the

bal ance status of the s rotating device; wherein the baseég%%y conpri si ng
at |least two base plates, each having,one group & menber s

di sposed around the axis of rotation of 'the base body, and novably coupl ed
to one base plate for novenent between a respective first radially inner
position and a secondndvadin@bdiyeenbtcgfectp@Sist dadirlly. innedfbsition and a

respective second radially outer position; .
a driving device for displacing at least one selected balencing member from the
first position to the second position for varying the balance status of the
5 ' rotating device;
wherein the base body comprising at least two base plates, each having one
grotp of balancing members disposed around the axis of rotation of the
base body, and movably coupled to one base plate for movement between a

respective first radially inner position and a second radially outer position.,

10



