- 1 - BALANCI NG APPARATUS AND METHOD FI ELD OF THE
I NVENTI ON The present invention relates to an
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status of a device. In particular, it relates to an
apparatus and nethod for reducing a rotationa
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rotational parts, I'ces generally
encounter an inbal ance when rotating certain

i ' t he i nbal ance generates vibrations which
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drives such as hard disc drives (HDD) and servo pack
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beari ngs h these applications, the rotational

levielbal ance is undesirable, hence reduction of the
i mbal ance becones necessary. Bal anci ng technol ogi es
are devel oped to reduce rotational inbalance in order

BACKGROUND OF BHEINVERTHONENCe reduce wear and damage
of machine parts h HDDs and SPW, positioning accuracy

of read/wite heads can be increased by adopting
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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 technologies. 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.



manuf actured plugs which are attached to a spin notor

at various selected locations.- 2 - Unfortunately,
whewanss43 he plugs are pernmanently fixed to theCTB6Z03/000247

pack, the bal anci ng process cannot be reversed, hence

this attenpt is not suitable for inbalance reduction

in the event where the inbal'@nce status is changed

during operation. In addition, the cost of utilizing
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sensitivity, and hence is not_suitable for the
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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

imbalance changes frequently, such as in an SPW.



i mbal ance changes frequently, such as in an SPW- 3 -

SUMVARY OF THE | NVENTION In accordance with a first
wW@spsosesas t he present invention, there is proRCTIEG2088/000247

apparatus for varying a bal ance status of a rotating

devi ce. The apparatus conprisgs a base body for

attaching to the rotating device, a plurality of

bal anci ng nmenbers arranged to be di sposed around the

s@mﬁgiﬁ%b@tfﬁ enpase body, and a driving
device for acF?@gféNgganolling t he novenent of the

plurality of bal ancing nenbers. Each of the plurality

of | anci,ng nmenbers is novably nounted.to .t he. base
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procedure can be repeated by displacing one or nore

bal anci ng nmenbers in different positions in a simlar
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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 to 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 comprises mounting a

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



met hod for varying a bal ance status of a device
between an initial state and an altered state, the
WO 010a108G5¢3 devi ce having an axis of rotation, tPET/fE2008/000247
conprises nmounting a plurality of bal ancing nenbers to
the device around the axis of, rotation, and
di spl acing- A - one or nore sel ected bal anci ng nenbers
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or nore other bal anci ng nenbers can be displaced to

reduce the inbal ance. BRI EF DESCRI PTI ON OF THE

DRA e and ad t ages of the
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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;



Fig. is a perspective view show ng an appar at us

accordi ng to one enbodi nent of the present invention;-
wW®»200508¢§43 i S a perspective view showi ng an appPCEHSGH03/000247

according to anot her enbodi nent of the present

invention; Fig. 2Ais a per s%ect Ive view show ng the

apparatus of Fig. when attached to a rotational device

and rotating in an initial state; Fig. 2B is a parti al

: . ¢ E . Fi . : . .
Shod gt R seiBect iRl fhoine s B PR E RRRHNE o dfther
enfbotihdm® BathePeasentanvsdionpt ati ng in an altered state;

Fig. 3Bis a partial top viewof Fig. 3A, Fig. 3Cis a
partial cross sectional view of Fig. 3B along A-A

Fi g ' bl ' | '

¢ 5 B RRR AT il Sy R Mk G 2V llh Ahched to o
rotatiendl dbvice agbroseting i aminitialetatghowi ng anot her

alternative configuration of Fig. 3C, Fig. 4 is a top

vi ew of an apparatus according to the present

I NV end ing; §E,gm'amg) oI easchene of inbal ance

reduc ion;S ig. SP?Jsiea tfgévi ew showi ng an appar at us

according to a further enbodi nent of the present

invention, Fig. 6.is.at Vi ew showi n ] par at
acc SRS APOEPEETATY Sttt fis APPaR iRy s d2by et atached to 2
rotafiRIN HEABe arfd Btatifigi® aialk&Bd ¥R showi ng an appar at us

according to a further enbodi nent of the present

invention;- 6 - Fig. 8 is a top view show ng an

appat atus. acc ' . unther enbodi nent of the

pr e?é%?ﬁ‘ﬁ\%’%&{ag##g‘ﬁ%‘g.O?Ek' ?Esé"a bl ock di agram show ng

a method for varying a bal ance status

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;



according to the present invention; Fig. 9B is a block

di agram showi ng a nethod follow ng the steps of Fig.
w@200808¢540ddi t i onal steps to reduce the inbal aPCESGHI08/000247

9C is a block diagram showi ng a nethod follow ng the

steps of Fig. 9A with additignal steps to increase the

i mbal ance. DETAI LED DESCRI PTI OF THE PREFERED

EMBODI MENTS Figs. |A 1B, 2A 2B, 3A and 3B show an

apparatus 10 for varying a rotational inbalance of a

rotating device according to one enbodi nent of the

pr egRAtR is AENVictshowies drodpphiang adeotiling toatfarthdrieatbotiingent of the

apparatus of the present invention is attachable, is
m@#ﬁNmN@%WErally as a disc 2 (Fig. 2A). Apparatus

conprises a base body, such as a base plate 100, a

plurality of bal ancing nmenbers, such as twel ve steel

bal [Rig. Z0is aXdck diagram shdwingmiethod forwangng e balaace satad

as .an el ectromagnet . 320. Disc 2 has an axis of
aceQulingite hepesepbi¥enioni e 100 has an axi s of rotation

100a, and can be attached to disc 2 through the

alignnment with axis of rotation 2a. Base plate 100 is

t herkig. @Beis radﬂaﬂcaﬁhgam@ewhgra methhd folkovilg thietsteps ©f P DA with
4 %ﬂi% tat 5 Al ternatively, other nunbers
adgifiopgiSteps é‘é*e B%ﬁ 8#°as 18, 36 or the like can be

used according to t he present invention. Twelve

grooves 102, 104, . . ., 124 are formed on base plate

100 Fig&€his grbérmkehagr@@ shpwing samethad flloyving thei staps of Figa94 with
ad§1 nag geOO OIar&PIaaeltéelm rooves 102, 104, . . ., 124

Qg €8§ SR ) P&t erence of base pl ate 100

around axis of rotation 100a Each groove has a first

end 102a, 104a onl 102a is indicated in
DEEI@E,LEDA)EWRZETI@N oF mH,E P BAEMBOPIMENLS s of
rotati on 100a, and a second end 102b, 104b, ..., 124b

(only 102b is indicated in Figs. and2B for

1] Ursgst A OR,) 248, 3fA, and aBishowfan fappatiue i Eevaring a rotational
. ease of_illustration, the distan efrom gﬂ;center of
lmPﬂé“%et%fé‘i rojghpg éie‘(l%%%oadm& eoneicbodimept pH D prasgtinvention. The

rot?tl%rll Jrﬁo Fhich tﬁé a Jﬁ&aﬁﬁé G’F’th% plcé@eﬂt $nvenliGh fs%%ta%l%bﬁeé if¥own

and t st ance omthe center o
gemreldy astradhbcsZ (EygeZAhtApﬂwatssatQ)minlmﬂd:s 20ase balildduch as a base plate

10 ,l-_ar]gz.u‘a%% gt)&)a?ancmgrn%m eirg,nsuc a‘rwe?ve s%eeﬁ)al?st&o2&? ,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,

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

Twelve 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 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



In one exenplary exanple, all the grooves are evenly
di sposed. Each steel ball has a dinension | ess than

wo b@smsassh of grooves 102, 104, . . ., 124. Ste€l/S6zI08/800247
202, 204, . . ., 224 are disposed one each in a
correspondi ng groove, and are, novabl e between first
end 102a, 104a, . .., 124a ard the second end 102b,
104b, . .., 124b, respectively. A first retaining

calf PRl e isPoBERPRNERborl B o hb gl Buteh at eyt end
1004, 1910,0ve$244) 20 axli®4f rotation 11004 is Rfdrexinats Rel(Fig. 2B) , and the
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digiamee depmy Hie semigt ok e siepkhalls (yhem g3be sef ,end.3 1§2b.= ,13411324@, 124b)
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tog:%lgé?ﬁﬁga‘ﬂ@o?ggs,reg 4e,d%%.EbeftF%2§B§re attached to first
ends 102a by an attraction force Fpm of pernmanent

magnet rin 10, as sho in Figs. 2A and 2B.. The
_rrag&@f’fl? exe anyexE,@pf?aﬁlEﬂ}e SHRyS gqu,qaly .qpo qd. Ilgach steel ball has
a d',:iﬂlghéﬂ)lg}ééé thRR (PRI oMBEHRES 03114l S conf isgs 8gns2RN204, ...,

at the attraction force Fpm appfied to steel balls
22208 digpsed one each iR 24pegpording groono, gl aromovahle befween first end

trif f Fcl . of [ 2, 204, . . .,
55 e o S5 oo Bl DAEOA S oo
204, . . ., 224 rotate under a predeterm ned

oper ational speed. Under this speed, disc 2, base
pl atfefinsh cetainregnasberbsich gs 2 permangat magnet ring 310 jsqligposed
| ' i t he sids n .
e Pl S g 0 10 BESoRb AT, 1%, Attt o
plirgfigrof &ellividudl perrhaticht Magisdtal B maybeplacdkEaljadcho@diriainds 102a,
wi th base plate 100 and steel balls 202, 204, . . .
1043145 b34% &S $hovinre FigilH: a\Vhen iy tbe stefienary siale, slgplchallpf2, 204, ...,

22BNl B bl 16308 e Birhhioh Jeree B of nermapent it anet ring
318M3sashewh it Bigs e and 2RdThé GignetiAAtibn of permandiit 4imgntt ring 310 or
. [ 102, 104, . , 124, d t t i.th )
m%rrf@ggl%%gﬁalﬁaa@@gm%w issg e S%fg(égftit etipciipn force Fpm applied
to SteBGallk 082, 204! . €Pby4 ik sk &I&ﬁgﬂlﬁi oL e AR B Bfdes Fel of

el ectromagnetic 'force Fe to apply to a sel ect@d steel
stedohbdlls 202c24as. .,szt%evhdngmc Zz(baseidgtg HOMand stesl gdls 202,500d, ..., 224
o 5 AP 8 R bl G, tpe e 100
ands@61 LAINRDE 2085 PE R4k Starif Glst-dRmOMEED 8Dbalaide BAtus is not

detected through a sensor 330 (Fig. 2A) coupled to

subgterdially veriedatln dlinis comext, icHwe ivtefared3a os |pitted sigiedd When disc 2
togseﬁpé withso%ge 81%% 100 and steel balls 202, 204, ..., 224 rotate in the initial state, the
total force Ftl 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.



el ectromagnet 320 to receive detected signals from

sensor 330 and control the activation and deactivation
wWo@R00sloasty onagnet 320. Upon starting of the baP@nsGrg3/000247

process, electromagnet 320 is activated when one of

t he grooves 102, 104, 124 (groove 102 as shown

for illustration) rotates t 004 position in alignnment

with el ectromagnet 320. El ectromagnet 320 is so

confy gured such .t hat ' e ctr [
for b@gﬁﬁr A 5?1 ta\%tmo\grhe )S/g?gll oé?éesa et % an’ W‘%ﬁig% status
of &iké 2 withSrespebEidWldctroftagedt 30alchn BOAetedtedthoaph al@Asoni3B0 (Fig. 2A)
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coupdethto axis affietation H00a. oy conirpilen 40 ifyrappled tat@goat3 0ddond

end 102 centri - j i o
ctoffpdhs2 GBI Bsch P 300 Pyt Belvasion
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Fc2 is greater than Fcl . By properly configuring the
magneti zati on of permanent magnetic ring 310 or
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. b ' d that t hi I ti

in G G BORE gt 2 EleC RT3 28180 =P RGP F et when

activated@PRL kR RBtS F264 FO 8drleradPthenéeBY 0sTBRetthbni B5t4lifBite Ftl. Asa
orce Fpm of” permanent magnetic ring 310 and

restligsterl bald 202nnegroevee 2 witkhprdisplazd fiom Gesh end V@dadgwerls second
ve el ectr ti rce Fe, steel ball 202 stays
en‘i\?@e%%&’“gﬁa%ggvﬁgé di sc 2 and base plate 100
rotates under the predeterm ned operational speed.

Since steel ball 202 is displaced fromfirst end 102a

to Jeeaniacaserhatpecumd eadd 03b.acqentidiigal forge Feo pgpplied on steel ball
2072 PR 3 Ry YR b0 om g sl 00 o
end NOZa, Fbﬁis%rdaﬁergbzlirel?d le By propsrly edrifgueing tHeah@thetizAion oBy

conparing the bal ance statuys of the "initjal_state" .
pegprcntiRastsfic Sped |8 origwidyg Bergranep megnet il 2y Bay Ky ghattraction

for??rgg@gsﬁ@%& iﬁge@gﬁggingl cﬁgngﬁﬁn§v ent that reduction of

esir the inbal ance has not been
reduced to an acceptable | evel, electromagnet 320

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, 106a, ..., 124a, balance status of disc 2 is varied. In

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



maybe activated when anot her groove, such as groove

104, rotates to a position in alignnment with
web@svsegangnet 320, so that steel ball 204 i n PCDSGE03/000247

104 can be displaced fromfirst end 104a to second end

104b. Wth the displacenent steel ball 204, the

bal ance status of disc 2 is further varied, and

conparison of bal anci ng st at us can be made again to

det gﬂo gﬁa}]ﬂgﬁﬁ/@q{)ﬂﬁggsp Rloft 1h1ﬁ§?§tﬁ@’€§nd {4 R&Ld state”, the

ste In a simlar manner unt
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n stee a e

202 can reduc&d. When centrif ugal
aligmmens vAdPelpdrdnepset 32 sathiat stedl ibol 206 ircgropperl @ can be displaced

tro i O P48 accorient 304 c Vi e SisalbEerhot of e g 204, e
balaBRERAAE o PFiséD SPfuRBbNehrRd Hrldf Rhfpatissi Sald@inlg stahds ctaﬁ% made

a new | evel of inbalance variation can be achieved.
agaipjo detemmiioe thewasipbomsd the gbbalancst Farthorsteed belismicbe dlyplaced in

a PR G e RS PnaditEivpptiog el de B 01
., 124a I ower than second end 102b, 104b, . . .,

124h, so thatto assi st _steel balls_ 202, 20
to Atthgémbalancerséatyseisshanged aftey steal balhd02 essdlmiwﬁ tq fhe Sacond

en&: e {02%1608%"% o4 of @ik %far?ﬁ 109k octﬁ&gﬂgcén‘?ﬁﬁgﬁltfo%’c loé steel ball

e secon inthe above Wan
202 naIFbcgreddcaﬁlS Vilhereceatifugal ff)mla Fc2iscles thal’n httraetion force Fpm of

R R TS e S R e
pr(ivzﬁlss‘zr%ﬂ théh B rebt SHic t%; lagﬁ%h dRr Bt ede 1 56 ftat 5?&\9 fevel of

acts op reduces | ance
imﬁlaﬁaegrmﬁmmcamﬂaeduhlepmbw ded at second end of the
grooves to permanently or tenporarily attach one or
nore sel ected steels balls at the second end. n one

examphshlRati yGVRbré Axik bﬂrota'fhon%h? %M@al%éﬁ'ﬁatéd" grddvgﬁl 02, 104,
is provided at second end

ﬁ% m:earlbe dilted toyvards ar?abﬁgtalenoe Vaﬂsﬁnsh@ttsbl e, K¥eond 134allower
t
ol AT b o b PRIl el a5 s o

att&shCo ikt RBkctie fifkt Bhd@ 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 each 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 selected 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 whereby the result of imbalance



per manent i nbal ance-reducti on apparatus. |n another
exanpl e, the grooves are filled with a solidifiable
WO 2@aioshs590. When sel ected steel balls are di SpCEHSE€Z)0/000247
respective second end to yield a satisfactory
i mbal ance reduction result, %'quid 590 is solidified
by an external excitation (hét shown), so that the
sel ect ed steel bal | s can be pernanently fixed at the
ond end
red SO SR P SRBIT S CRT R Bk AT tgnd hd G
pedfihentliftbalance-reducticrfapibdig) Iﬁ&n@h@@&bﬂn@lé dlie grooves are filled with
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extitatioh l(hatshowi), o0 fhat g sbhaated\steekbaﬂstcam be paimanpséydfixesl at the
reduced, this tilted configuration will assist stee
seeomdiead202, 204, . . ., 224 (shown as steel ball 214
for illustration) to attach to second end 14b, as
shown in Fig. 3D. h another exanple shown in Fig. 3E,
whe e amother erxﬁmphat sibivonn Pig. BB, wheteiaxid dfyrotatie A sstvesttically
124 havea r

ng%ﬁfeéeéﬁégq%e@é gOzb r Stl%% (s&gy(n ag ggq%lm ?gg T 111ustral:f~ior?)D may be tilted
awal e8] £:3§ bOrdtatRMisaeIEiHat HiRdt SRE2E, PR, 1411249 (shBah a¥ified end

rotational speed is reduced, this recess or step

1148 &ir siustration)ds highesthae second Fad Yob, 1041 ..., 124b (Slmzln agsecond

e 155 BEAMASOS: o2l s HEE pptraion

willRBA¢t atcd BbAR0R dZ(MQ L 022?1 (Ehovirhey stesrbald 2 1 fdr 11]?1f1st1faﬁ6n) to attach to
present invention, ]groups of grooves 650 _and_ 660

seemé enéd ki aéﬁhcambaslag Tg agofber gxampleshoygig Jiig3E, where axis
of chtQt%ﬁ dl@ ngrtﬁ@ﬁ%gn%{etﬁ@@ c%{re 'irﬁi ln, hafb4 R a%cge]@s or step

ose ard ce o t’he éecond group
(o1l 00 BB eHaR stePr2sulieshostrefel 111mtrhuaor16 adjaeere tormacatd ynd 114b so that

di sposed_at gr.ooves 65Q. Wien bei ng.di spl aced h
whepirqtetienal gReegds @ﬂsce%ﬂg@@ﬁesaﬁa hafigs e st el S02, 204,

..55% t@gezsl'e%’ﬁh HRi1sSS ﬁﬁ%g\it b gE%m}?&%dsteeThﬁll §ﬂ@fdr?l‘iustrat1on

Stee I's can be use I ne-tune the inbal ance
variation / reduction, in conplenenting wth bigger

t | |1 62 660.
o s shoup e F Sofih ot AETHRE 54 Sies Rubyfinefipof e
r&%ﬁﬁﬁtntlbﬁvﬁm drBilps TR GRRE B50 ARDGBY 4r6 fhialcAmeY asd pldte 600. A

are novably disposed 1n gr ooves
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



750. Perrmanent magnetic bal ancers 760 are di sposed

Wi th one magnetic pole, such as Npole, facing the axis
wo@Roosos@Es3 on 72. In this enbodi nent, a steel rP@mSGR03/000247

is disposed- 11 - adjacent to the first ends 702a of

grooves 750 such that when re ating in the initia

state, permanent nagnetic bal ancers 760 are attached

to steel ring 730. During the process of reducing

. : . . : ]
oS R RS PEG bl 7901 6 O ORET RTRG
petingihi Sbhaetio bylahess 760 afelattacied ¢d stoetariee?30710 can be

activated by supplying a reverse electric current
thereto, so that a repulsive force is generated to
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first e arestorin elnltlaﬁnsfate.
mdpakiabilagepisadigptaed ansdchahernk7(2bped tysaddsan urisatisfadiery result, the

desired inpal ance redycti on can be attained. Accaqrding
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a repll§iv forfe is¥néhiRed E@?ﬁ’é’h th@5clediRBp SRERert EtiOBhlancer back to
conprises two base plates 850 and 860, both are

firsttend GR2arestoring ¢he inited statp. ddwibelanging aratesy enrthendheaispeated so
t aget her .. The to | ate i s shown.partially cut away
th‘?tgl?e ieﬁg‘éd glﬁbaﬁqqca E‘?(ﬁlﬁﬁ?%ﬁa}n AMsxe ol ate has grooves

formed thereon and one set of bal ancers novably
di sposed in the grooves. The bal ancers can be

di spglegeniingip a faethercasphadiment of thedqressrbigventiongshowarig Fig. 8, an
820. Fj h : ) i mhal i
ooy g R RSB0 ll PRRL A3 nf Sl

att9ded tathelrotatihg tyvied SDaddare istgtablentbgstiseraMhe aip platedsisiioovn
a rotational device at a first position adjacent to an
pagially cat awayiigr pass obilluskatioqe Fach base platg digs SgoBesioyped thereon and

' i Is t u ' I i
on 48 A BHEEL Bol LRI B RooPhL AL il B e
thdrteomdcti 98 Electeomapnewr8ifland 82¢e i s applied on one or nore

of the plurality of balancing nenbers to displace the

bal anci ng menber fromthe first position to a second

POSiF4 & RX alth &b B0 BFinthaPinct Rladtli@ acchrdi¥to the present
t he bal menb

meantT ne, the renai nder of al anci ng ers are
inveatian.nBh futst bloek P10, stplpabiytafbalanding niratbencirn gitadhed tsa

cof e RS 5GP g
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 reduction 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 to



steps may include, in block 940, conparing the

i mhal ance status before and/or after the displacenent
w@Rooslosssas | east one bal anci ng nenbers. |f thePCT/SG2003/000247

i mbal ance val ue is reduced but has not reached the

desired |l evel, one or nore Q@per bal anci ng nmenbers are

di spl aced to- 12 - the second end (block 942). If the

desi red i nbal ance reduction is achi eved, the displ aced

bal i £ .
e 3 PRI 57 R iy 00, SRAAT RGOV, 88 diplce
balliEeS ineABEYcanherbad atihetsbeondainticat showhlieblockop4. ses,

shown in block 946, allowi ng the at | east one of the
plurality of bal ancing nenbers to nove back to the

fir i . ) i .
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shasoul todked48p pll @ring tiecht fidwat otencf thavpliutality of bedanpirgsmembers to

invention is not limted tgg;he r.educti o

mobaRlciadle fis ik 4R P E s e PR BRUBEPIHe Sy displaging another
bal%iﬁ_gm%ﬁg’é @%cf{aﬁg).of I mhal ance is desirable. As shown
I'n Fro. ,

in the event that increase of inbal ance is
desired, additional steps may include, in block 950,

[ t he i nbal t at. f d/or after..t.
o <Dk rpeCRfa T At Br b s R S A dirifi to the
reduborl SHAHANGS:, Bt 48 dlso BIEKEQRSE th HyplichashsReterd B8 eMRehse of
the desired | evel, one or nore further bal ancin

imbamiverisdesirebldi dysishewn in Big #€, wdboapnt gt f(flsrecaﬁotgs@)al.ance is

desfod it bR R Do AR S R o PR Ife indfangs stays before
and®Bflafted ShesdlPMicenienbb OBk abledst oht bilascihghrhmese 19k imbalance

undesirabl{wfeduced, the nmethod further conprises .
valgh isvincriepsedibyt kasgmé reaghqdaiie desireddevel, ng 25 mogs Birther bajancing

me?r!lb:égstaz!rié En% RbelAlRD géc?ﬂcil ﬁg&'@g& 9%9?1 RV BaGKd Lﬂ;b&lﬁlﬁ:e increase

and repea anci ng process
aclleved| theidikplapd bilancibamembengmtenfoed af tHesedord=Ryl, as shown in
Al t hough enbodi nents of the present invention have
blagk@A4i | | ustrated in conjunction with the acconpanying
drawi ngs and described in the foregoing detail ed
description, it should be appreciated that the
i nv&hthe ombalanceohlueiisrimdedirady tddacedyiiwonetbod furthes coroprses,

sh(?}%gjnlf l?leé{?%ﬁ lgﬁovg{ng gllgjq,r]ré{lga‘%igr{egﬁﬁﬂg Bﬁ?ﬂﬁ}rf] '(:)F 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 detailed
description, it should be appreciated that the invention is not limited to 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.



substitutions w thout departing fromthe spirit of the
invention as set forth and recited by the foll ow ng
wW@b@s086543 13 - CLAIMS . An apparatus for varyi PQI/8G2003/000247
bal ance status of a rotating device between an initia
state and an altered state, ﬁ?g rotating device having
an axis of rotation, the appdfatus conprising: a base
body for attaching to the rotating device to rotate
C t $together; t he base body having an axis of
ion for alignment with the axis of rotation of
the device; a plurality of bal ancing nenbers arranged
to be disposed around the axis of rotation, of the base

L. bodyn apperiusdORIATYNgBhatagee §1aiuE RE2 FRtanasyyocrhsteen an mitial
nmove dRGLAIERA Bk Gt‘?eoﬁ)?atﬂn el éﬁﬁv'ﬁ%ﬁh akik B L, the
position and a respective s cond radi y outer
posappaeatus eordprisinglg devi ce for di splacing at |east one
sel ected bal angin nber fromthe first posjition io
he S HA DGE Far PBROIRE 10Vs PRI S Sraiog s EpiRe TagreipBethiy the base
t he rot at, ' : : : ' #18tati
(TS RS S por ARS8, ol o o
oper abl ethetevagepl ying a retaining force to retain the

luralit f bal ancing nepbers at .the f.irst .radigl .
Piner praios Rl St i uBpas MHed 4 B thshFeed sEa g axis of
of the ret@tibh8f 186 BhkDodP, cad oIRMFnASunEedas thctst BEdY for
claim2, wherein the driving device conprises an
el ect r omatpvemefichetwpgnl aiespeciive 8fstcadidlydgpratiositippeedat o
a sel ected_bal ancin i.n the
el ectr orrﬁ%ﬂ?gﬁfvg SF%orngerg%@@Zéu ngO%a%nance of the
r et ai nd agvihe dedceion dispiciiiit 1dabtuglscleokd bakangiag neabet from the

by the sel ected bal anci ng nmenber at the first position
to di spl &&% PopiEon & tesewnd PosiHen Ay eevine therhalaree slatus of the

first po?&tﬁﬁr?é‘dév?cet. he second position.

2. The apparatus as recited in claim 1, further comprising 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.

3. The apparatus as recited in claim 2, wherein the driving device comprises an
electromagnet for applying an electromagnetic force to a selected balancing
member, wherein the electromagnetic force exceeds a balance of the retaining
force minus a centrifugal force experienced by the selected balancing member at
the first position to displace the selected balancing member from the first position

to the second position.

4. The apparatus as recited in claim 3, wherein for the predetermined speed of
operation of the rotating device, a centrifugal force experienced by the selected

balancing member at the second position exceeds the retaining force.



4. The apparatus as recited in claim3, wherein for

the predeterm ned speed of operation of the rotating
waelewsosss4m centrifugal force experienced by theCT/SG2003/000247

sel ected bal anci ng nmenber at the second position

exceeds the retaining force.-, 14 - 5 The apparatus as

recited in claim 2, mhereln'¥%e first retaining device

further conprises a plurality of pernanent magnet s

o O AR A T OBy

f ur ¢digprised H@)ﬂurslhﬂyg)f pepedeAtni@lea dispogediadjacat odhppality of
to the base plate for retaining the plurality of
bal BabelagcingmpErerat t he second position. 7. The
apparatus as recited in claim®6, wherein the second
retaining device further conprises an adhesive for

6. per Thagakatud asdecigediinelanh 1, Gatier ommpm')sﬁng heecphdrethining device

of bal anci ng menbers at the oSi.fi.on
apperuladstodhe baseiplate for setaing %P&m@v l?lwalgs@&'aﬁafs at the
ret ?écgh{'gosq{%ﬂ ce further corrprl ses a solidifiable

i qui permanently fixing the at | east one of the
plurallty of bal anci ng mermbers at the second position.

ar at us s re Lted in claim erein the
7. bas-ﬂj‘%%{}P s gl sl Aoty Vhswrg@sés%oyﬁ@sta’&f%‘ﬁ%&ﬁﬁ'&hﬂ
t hec@pgsc@tan h@h&VeBr pémiaﬁ@n@qﬁang 2RGH @A D Hﬂa\éplfﬂﬁh@r of
first 'end corresponding to the first position an
s ec balenamgimemberss recicopndiposition. second position, and
the plurality of bal anci ng nenbers bei ng novably
di sposed within the plurality of grooves. 10. The

8. appPFhehpifarass setitenichitl Qiwkcin eseaind refiming dewictugher
of rotation is vertlcally orientated, the second end
Y5}

of e«anwsw aspldigiablediqnid fop perpaenihioiviag theat fegstong of the
ahﬂ@Bf Bﬁ&l%cfnltl%ﬁ%mﬁgg af Bl sE@otnﬁ Jﬁkﬁgnt he plurality
a anting a

e second posit y gravity. . The
apparatus as recited in claim9, wherein mhen the axis

of rotation is vertjcally orientate the urall
9. t he The arRRABAILS B 1e @&%Pbmllsgvé%en}é@gé Pﬁxﬁaﬁ{y of

grooves coupled 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.

10.  The apparatus as recited in claim 9, wherein when the axis of rotation is vertically
orientated, 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.

11.  The apparatus as recited in claim 9, wherein when the axis 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.



second end for retaining the at | east one of the
plurality of balancing nenbers at the second end.- 15

WO 202/036Be apparatus as recited in claim9, WhRCEEG2005/@00247
plurality of bal anci ng nenbers bei ng nagnetized and
each having a first magnetic,pole facing the first
end. 13. The apparatus as r'e%fi ed in claim9, wherein
the plurality of grooves further conprises a first

ro of radi =Y I ﬂ%ﬂﬂ :
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andbaing aeneti-gdatd each Haaitigad fingt mhgmptie holpr facimg theefarshend.
formed in a clearance of the first group of radially
al i gned grooves for housing a second group of
bal . . : P

135 ong s BB AR, Mo e R R D
mas sompHses hHfirstagrpay of radially aligreidtgeobvies fahedonthe basepdite for

t he base bqd i Sj t | t ot b | at . .
e ac HOYFN TS0 AR0UG06 43 2B B TICHHETn Y BRSPS SER 5 ity aligned
ar ogﬁﬁvésh@ac@férgne‘&fin LUB}ne8 oPhelhe PaRFofIa8MIly 8fished grooves

nov y coupled to one base plate for novenent between
a r éspeosing e séondtgroupdiidialapcingmegmbrss ivihiesgin ghedfitgt and the second

second ragdi al |l y .oute osition, 15, net hod for
var $ags 8 %rQPX\%/fcbé)uﬁ éﬁl g mgmBers;of gﬁgeﬁ%aﬁs'an

initial state and an altered state, the rotating
devi ce having an axis of rotation, the nethod

14c onfiihi spprgatusresieciteshineslaimyl, avbiersin B1e bass bordyi Gognpisingett deast two

to the vi ce.around t ' ' ' .
o B L S F PB4 s 43R B o v
fir 9frdtatinadfltle bass ®BodR @A hicvablgrdupled asmechdsy plasefoondvement
radially outer position, the bal anci ng nmenbers pein

i ni briayeey apespaete fHst radially inner PRGN 405 R Sem(&aﬂwgly Ofer
dex%gsﬁﬁﬁile retaining the plurality of bal ancing

menbers at the first position; displacing at | east one

sel ected bal anci ng nmenber to the second position to

vary the bhal ance stggus of the_.devi.ce, mhlle.r%ﬁ?agkg%dan

15¢ he / WRHEPAITVaBNg A QBRI HlmHes et per gt
r esRRGLH Y6t tHeSbtaBAS Vil Baving 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 respective
first radially inner position and a respective second radially outer position,
the balancing members being initially mounted at the first position;
rotating the device 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.

16.  The method as recited in claim 15, further comprising applying an electromagnetic

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



16. The nmethod as recited in claim15, further
conprising applying an el ectromagnetic force to
waoele@ploases t he at | east one sel ected bal anci ng P€RE2005/000247

t he second position.- 16 - 17. The nethod as recited
in claim, further conprising%retaining t he sel ected
bal anci ng nenbers at the secohd position. . The nethod
as recited in claim?7, further conprising adhering the
sel t ed ,bal

o TR ARG RIRENS, Bl IonFE R RRRL hiaRclocd
SO| bﬁlhﬁdﬁ@ﬁleﬁlbbts%thé secoridi positiog. sel ect ed bal anci ng
menbers at the second position. 20. The nethod as
recited in claim15, further conprising allow ng the

| |
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f ur bileficiegmeribsisray theeyoedisl prgitione sel ect ed bal anci ng
menbers to nove back to the first position. 22. The
method as recited in claim15, further conprising, if
198N gﬂ@ﬂ{eﬂ{b‘aea &1133 SEBEN l?‘?'tfuﬁhélj donﬁfrﬁﬁfgesﬁhﬂlli'ﬁﬂgﬁllquld to fix the
prede term ned uction I evel displacing at” | east” one
ot heeledied balancng membens aaﬂmysectqndmomiﬁﬂenam s of rotation
to further reduce the inbal ance. 23. The nethod as
recited in claim, further conprising, if an inbal ance
201 S iTQe hfeﬁﬁﬁchs*?é&tegtiﬂ tlhinh @5 Sfutthécotpiisadalliewvid @ selected
i ncrease | evel, displacing at | east one other
baIhmbnmggnvnﬁﬁﬁtaﬂuweﬁﬂ@ﬁﬁﬂheﬁﬁﬁp§ﬁbﬂnrotat|on to

further increase the inbal ance.

21.  The method as recited in claim 20, further comprising repulsing the selected

balancing members to move back to the first position.

22.  The method as recited in claim 15, further comprising, if an imbalance is reduced
but still greater than a predetermined reduction level, displacing at least one other

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

23.  The method as recited in claim 15, further comprising, if an imbalance is increased
but still less than a predetermined increase level, displacing at least one other

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



