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A study on design of an automatic balancer using magnetic fluid
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Fig. 1—13  Fluid balancer.(source: practical S50-061404)
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Fig. 1-14  Rotational speed of the optical disk drive is requested
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Fig. 1-15 Automatic balancer mounted on optical disk drive
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Fig. 2 - 2 The principle of automatic balancer. Forces applied on ball
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Fig. 2 - 3 Vibration characteristics of the vibration system
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Fig. 2—5 Forces applied on steel ball
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Fig. 2—7 Calculation results for limits on allowable friction coefficient for operation of balancer

in the case using steel ball (R=10.8 mm, ¢p=0.085 mm )
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Fig.2—8 Automatic balancer using steel ball

#£ 2—1

Table 2—1 Measurement results of friction coefficient of steel ball

HHER D EEZAR L OWTE

Bk 1 & fHEk 2 1@

1 ball 2 balls

1 0.0175 0.225

2 0.0279 0.151

3 0.0279 0.0699

4 0.0244 0.0629

5 0.0454 0.194
T{E 0.0286 0.141
FERE 0.0103 0.0728
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(a)1 ball(Rolling friction) (b)2 balls (Sliding friction)

~ GO

X 2—9 #HEROEEZEOHIE

Fig. 2—9 Measurement of friction coefficient of the steel ball

48



nm

52 kIO BB

R

2. 4. 3 EROBBEHRED/NT U ABEFEDOER

WIZ 2—8 1R LT iERA D B B L E DT o ZMEERMEEZIET 5,

B 2—10 (ZITRUHE U728 0 B B PP E O N T o ZEEREORIE R 2R,
HIERIL, HENEHREE L 7T 28 05X10°kgm DOF 4 A7 R, T—HITk-
T—RIZEEE L, BE—X X T A IO 7 L—AMZEY 1T 5, 7 L— A2 Ao
PR Z T L CHERBICIRY T O TIREIRZ R L TWD, T NTF R e b 57T o
A7 NEHAT D Z LI KV HIAET DIREINHE 2 7 L— L5 RIZHRD AT 7 E ' o
Y=l Lo THETHVAT L TH S, MIHHE LTIRBI&EIZ L > TNT U AETEA R
My 2bDTHD,

[ 2— 11 (ZHRENR OIREVRFME 2 7= 3, IREVRFMEIS B B PHTEE E 2 D BBk & B D & S
T UAMEENENRWVIREBICEB W T, 7372 05X10° kg m DA SN EA
DHEFR R TH D, WENFFENSIX, IRERICL > TEZXONDWLE e 1E, MEM
B3 & 3% 0=340 rad/s D & & ¢)=0.085 mm & 72> T35, 72X 2—12 [ZIXHIER
DTy I RER LTI, 2T e DUT 0 DEMRIX, NT U AREEINRNT N

Z 2 A05X10 kgm TO (FIH) WLETHDZ LERLTND,

49



25 JOREARO BB EArLERE O

PHER 2 VT2 B B

Automatic balancgr using steel ball

T NG URT 4 R
Ey Imbalance disc

Motor P 23—

G sensor
7 L— A
x5 Flame
Base TEPEA

Elastic medium

2—10 HERZ W7 RER B O B B P E & e R
Fig. 2—10 Prototype of automatic balancer using steel ball, and the measurement system of

balance correction characteristics
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Fig. 2—11 Characteristics of vibration system
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Fig. 2—12 Measuring system of the balance correction characteristics
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(72T 2805107 kg m, FKEHEEE 0=340rad/s)
Fig. 2—13 Acceleration qy for reference vibration (The characteristic of vibration was

determined while the automatic balancer was not operating)
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Fig. 2—14 Vibration waveform of automatic balancer using steel ball
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Fig. 2—15 Histogram of relative ratio a/a, for the balance correction in conventional type using

steel ball
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Fig. 3—1 Structure of an automatic balancer which use magnetic fluid
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Fig. 3—2 Photograph of new automatic balancer
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Fig. 3—3 Photograph of a magnet covered magnetic fluid
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Fig. 3—4 Dimension of magnet
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Magnetic flux density (T)

B 3—7 ~ 7% b OWREESMGHRRER
Fig. 3—7 A simulated results of the drawing of the contouring graph of the magnetic

flux density of magnetized a magnet
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Gauss meter

Magnet
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Fig. 3—8 Measurement system for magnetic flux density
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Fig. 3—9 Comparison of calculation and measurement results for magnetic flux density waveform

on Ar=0.2 mm
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Fig. 3—10 Distributed model of fine particles of magnetic fluid
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SRR EZ R LTS, IEOED & ERFENMH Z LITHET 50T, ATy
TRAX—DEFNIEICR > TND & &, KAIENHT D22 LN TED, 22 TIENHE
TEMEARIO R S 23 0.5nm DFEITITRIAITEAR L TLE 225, 2nm & RWEEIZE W TR

FESLIIRIEL, BERLARNnWZ Liczsd i Tnd,

40 " 0=2nm }(3)
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(R.E.Rosensweig, Advances in Electron Phys., Vol.48, 1979, p.109.
ML —, BEVERTIR AR, 1989, p.15. & 0 5IHCT)

Fig. 3—11 Potential energy between the particles
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IR TR K D BEMETEAR D53 B D TEME~ DB Z IR L 72D, MLz X k7
OLREHE & DTSR OF AR E I LR 3— 1IN T 5. K 3—1 OFFEHER
HIE, BLFENNEL 725 L 20D 2 FITKREAI U CILREEEIIMR T L, TLREOTER
MR R < 2 O THEIFHN RS 25 LB SN TV D, AIBRLFEIV/ NS < eiidit
A ENTE, BT TV EHERLZENTELOT, KHIRkEdsZ &

EAAN

F3—1 KO & fT R
(PRI —, BEPEFTA AR, 1989, p.17. & v 51 )

Table 3—1 Sedimentation velocity of particles and the time required for settling

RF#E IR RE 10mm &Y DFTERF
(um) (m/s) i
10 2x107* 50 ¥
1 2%x107° 1 B 23 &
0.1 2%107° 58 H
0.01 2% 1071 580 H
ZCFEHEEICH VSRR 7 za—7 v 7 fE A MSG—PS0C D FHEE

#£3—2127F, £ 3—12121% B-H H# 0 ERE % 71,
ARKIFZENZ BN THMERIKICAECAENNEETHDHDT, £3-2DHEEOH T, £
hERFIRE R BE 1T B VR LW, MSG - P50C TIX 50 mT & 72 - T 5, F 72 BEREAREN

RLSRTEND Z B MEE LT 5O THEIIMRW TN HF LV, MSG - PSOC TIZHE X
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Cw ) SAITEN<80mPas Lo TWD, 7 x=r—7 v 7 HICTEMEWNZIZWRE
H, ERfEIL 51.5mPas TH o7z,
EELRTNERBR0DIE, BETH L, MENREURIZIETK, Fravy, ~aA R
B =R R=ZARBH DN, K, 78T AFKEF TR L < AHFZEICi@E LT
WRNDT, BELTWDINA Rl —Rr_X—2AZER LT,
X 3—12 (R R (Bl MSG-P50C) @ B-H & F&0r 37 4uE, BebEFiifIc
HUBIENZHETHZ LN TE, £72 B—H MR X » TIHERIBRFHEEITH 2 L

TE D,

# 32 RO BB PEEEE AW D EEMERIK 7 = v —F > 7 #EEURE MSG-P50C @
e (B 7xe—F v 7 4h)

Table 3—2 Physical properties of magnetic fluid type.MSG P50C ( Sorce: Ferrotec Corporation)

Ttems Data
Carrier liquid Synthetic hydrocarbon
Saturation magnetization 50 mT
Viscosity (at 27 ° ) < 80 mPa s
Density (at 25 ° ) 1.27 X103 kg/m3
Surface tension (at 25 ° ) 32 mN/m
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Fig. 3—12  B-H curve of magnetic fluid type MSG-P50C

(Sorce: Ferrotec Corporation)
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Fig. 3—13 Measurement system of vibration characteristics
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Fig. 3—14 Photographs at measured the frequency characteristics of a vibration
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Fig. 3—17 Calculation for correctable range of balance

I= |I}+1; (-1
2 2 3 3 .
I.=1,cosq,+2 gp b —nr)cos(p,—@)sin a (3—2)
i=1
. 22 3 3 . .
I, =1sing, +2 gp b(r; —1)sin (¢, —@,) sin @ (3-3)
i=1
I1=1, +§p b (r; —17) cos (¢, —¢p) sin @ (3—4)

ZITr, by p 2aEENTNT S Ky FONICER, MU, B S, B,

AEHETH D,
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(a) Symbols of angle and others
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(b) Symbols of magnet
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Fig. 4—1 Description symbols
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4. 3. 1 HHERGETTRy FOENY
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STHERENTHL Y7 F v b EBMREDOBRREZOW TR, ZZTHIR

HESEICHWON D~ 7Ry b EMMEREOREZ R 4—1ICE LD D,

K4—1 BMERIKLE <27y hOFE

Table 4—1  Properties of magnetic fluid and magnet

Rzl
ME HiI£EEEGRH R A K HS-46CH(Nd-Fe-B 1E#EHA)
E B FAR 418
REMERZE 3—9 BB (REMREE 04Ton A4r=02mm)
AR (o< xb, AARE 2a) R12.4 mm xR10.9 mm x2.5 mm, 2a=40°
wE 7.5x10° kg/m’
BT TR AR
e Jza—T7vo#HE #3{ MSG-P50C
BEAK BRRIEKER
ERARHREBE 50 mT(X 3—2 B8)
B—H Hh#g X 3—12 88
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Fig. 4—2 Measurement apparatus for occurring magnetic fluid
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FHEHEZZTIUE, BT 4—4 12BWT, 4r=0.2 mm (2B A EHRRITE X
Huean(0.2)=330kA/m THHDT,[X4—3 D B—H #h#% 0225 330 kA/m £ TS

FTHIUE, 4r=0.2 mm (BT DREMETIADOFIET) p(0.2)Z2 KD 5 Z LR TE 5,

84



B AT BMEFAORES L BIERERE, KON T o AMEIERE ORkEH Tk

Hmean(Ar)
B

p(4r) :_[ wrdH
/

//
e
/w5>>

D
(=]

W
(=)

o
[w]

N
(=]

—_
(=)

Magnetic flux density B, (mT)
(98]
[«

(=]

0 200 400 600 800 1000
Magnetic field H (kA/m)

Xl 4—3 HEMERIRDIE DA

Fig. 4—3 Calculation for pressure occurring magnetic fluid
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Fig. 4—4 Simulation results of mean magnetic flux density of magnet at Ar
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Table 4—2 Numerical result of allowable angular velocity m,,x of prototype

HEREDIEN P 19.2 kPas
E@ESNIIEER S 7 12.4 mm
QTR VNNEFE 2 10.9 mm

RTTINEE p 7500 kg/m’

B{ERIERAEE Omax 395 rad/s
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Fig. 4—7 Calculation results of magnetic field of surface of magnet
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BE WiT~27 %y MIEMENARE, ¢, & UZENEN~T %y heRobBLLED
SEHIRRR, R, MxBRETH D,
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FZ T TIHROE e DR TH DD T e=0 TOEBIRE f 2517 T 5, e=0 TX
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_2abUnr,

A w c

(5—12)

B~ 7Ry NOEEEME LY 2red sina, VHJET % pa & 310X W=2rd pasina &

EXHZ 52 ENTEAG—121FGBG—-13) 725,

a nU r

/= sina p, r, c (6—13)

Z 2 CHEEH Ms) & LT Urn=2tN%#XG—13)ITCA LERT L, XGB—14) 12
Rl e=0 TOEBREES 5,

K(5—15) & L THUDER LI % G Np) (12l 2 DY ~—T =)V ’MES &35 2

L TE D,
_2rma nN n
sna p, ¢ (5—14)
2 N ’
n_2manN|(n
fc sina  p, (c} (5-15)

ZITr, alZThEh~ 7%y bOSMUNEE, MEEHE, g (ZBEMERIEORE, ¢, N
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ZORERITIAG—14) TOHERKEIC LS &L TWD, () Np)/(1x/0< 0.001 TEEER
11000 53D 1 7 LD TR 7e > T 5,

F 720 Np)(12/0< 0.001 IZB W THIEMED e=0 DA% LRIZ 01, KG—1D15
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FEXPIEE U & BEEMRE S & ORREZ I LT < T 572008, X 5—8 ITHxFHE U
EEEBARE f L DR E R LTz, BE U 2N 0.002m/s UL R T, EEEMREIT 2X104 5L
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R HAmM)E L= & &, (Qno)(ueMH) X 106 < 1 TR 2 EME ST b
CITBBIZOHELT L FHEE ¢=0.3 mm, HE U=0.00196 m/s (2B T
(Qno)/(uoMH) X 108=2X107 £ 720, X 5—7, X 5—8 OHUIEFER L LADE THAD
WEIIRESENLTWRWEHRISIND, (Qno)(uMH)DFHE %3 5—1 1277,

FIABEIHNTOWABMERERITIANA Reh—R X=X Th L0, Mz Xiux T
A K8 B —R o _— AREFAR OGN (IR A NS 2 Z LI X VR T D0, 3
DHEIC L BTS2, T2 bh, MEOER T Thb=a— ik E LT
OFENFHEEZ RS P HY, K5—7 DR TH=a— il & L COFRERERA
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Fig. 5-9 Effect of shear rate on the viscosity
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F#5—1 BRI D RBAENT OREEZEA(Q no) (o M H)*10° D FFFLfE SR
Table 5—1 Calculation result of (2 #70)/(1to M H)x10°

R U 0.00196 m/s

P[] Ar 0.0003 m

T Q 6.54 s
FEFRG Mo 0.0515 Pas
B2 DGR Lo 1.26E-06 H/m

O MR D BRI SR M 0.05 T
Pt H 258000 A/m

(2 0)/(to M H)x10° 2.08E+07
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6. 2. 1 REBRVATA

6—1 1T L AMETERHED TR AT L% L, 6-2 IZITEBR T AT LADGR
ZRY,

TR AT LFREIEE O 7 L— A BIOIEEE o —2RE L, 7o\ T U AR
Bl T7 b= BIZEAT DRB 2512 2 L2 &Ko T T o AEERE & 3
TLHLDOTHD, HEPHEILEIC K > TR T U AEBIERSHIVUE, 7 b—25 EOIRENT

KRS hsZ o b,

’#

FIRAET DIRENIEEEAIEE o O RICHHAILE(LLTLE D OT, [ElFEAHEE
13— 2 BRENEIEIC K > TSR Tz D K 9 ISHIE ST Do ARG C Ik alis f
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Fig. 6—1 Experimental system featuring characteristics for correcting imbalance

TUNRTURT 4 R

Imbalance disc
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G sensor

X 6-2 /3T 2 AMEIERFEDOFEL > AT &

Fig.6-2 Photograph of Experimental system featuring characteristics for correcting imbalance
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IR D XD e FNATAT o ZEIEREORAf 24T 5
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7B DT, FEL R DIRENINEE a) ZHER LR TIXR B2, 22 TET o

T A05x10 kgm D & XITHAET HIEEEFHIT 5,

(AI—DHBEEEENONT AT oA N~ Fy N2 TlRYRE, BERE
B I TEE L2V E 91292, INT Uo7 LRnEHIcT D)

(1—=2)7 /8T A 05X10 °kgm DT 4 A7 WY )5,
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Fig.2—8 Automatic balancer using steel ball
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6. 3. 1 EEMERE o DATE

B 6—3 IZFEHENNIRE ay DPNET — X ZoRd, EMENEE a1% T6. 2. 2 FEEBROF
JIE(1)) TORNRF=LX Sz, HEPEEEENO~ 7 3%y ARV RS, HBEVEHE
W@L@%&%K%ETéﬁﬁﬁ%D,TVN?VXﬁQDﬂNkyn®&%K%$
THIRETH D,

K 6—3 %85 &, T—FNEHEAZ X UORAICRERAHEN EH325 & L b, 5
A DIREVINREL N L T &, W CTRIESAHE A HE R RE L —E &2 D
CIRENIEIE & — B 28k T 28l5 Z LN TE 5, 2 2 TIEE— ¥ OEllRIE 340rad /s
IZRDEIICHRESNTNWD, T /8F 2 05X10 S kgm DSAEE 340 rad/s TlElER
L7z & & O FUERENINEIT 0p=9.8 m/s* (0—peak E) TdH 7=,

—
(9]

—_
(=)

(9]

e
’ |:|‘W|u|‘

T
R i

]
(9,

Acceleration(m/s?)
(e

—_
(=)

1
—_
W

()

4 6—3  FEYENNEEE ao DRIERH
TR AR 05X 10 kg m, HIEBEIEEFAEEE 340 rad /s
Fig. 6—3 Acceleration q, for reference vibration. Acceleration a5 for reference vibration.
The characteristic of vibration was determined while the automatic balancer was not
operating, with a load of 0.5x10~° kg m applied to cause imbalance. The reference

acceleration of vibration ag s was 9.8 m/s” for rotational angular velocity of 340 rad/s.
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(a) Case of new magnet levitation type
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(b)SHERTY B B e & T GG

(b) Case of ball type with conventional structure using steel ball depicted in Figure 2—38

B 6—4 T2 AMEEBERFONEEETE
TR T AR 05X 107 kg-m, MIEEEEE 340 rad /s
Fig. 6—4  Vibration waveform indicating relative ratio a/ay s for balancing operation of automatic

balancer with an imbalance load of 0.5x10 " kg m.
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Fig. 6—5 Histogram of relative ratio a/a, for the vibration that is characteristics of imbalance

correction when a load of 0.5x10” kg m is applied to cause imbalance. The number of

measurements taken was 32 times.
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(a)Case of new magnet levitation type
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(b)Case of ball type with conventional structure using steel ball depicted in Figure 2 —8
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Fig. 6—7 Vibration waveform indicating relative ratio a/a,s for balancing operation of automatic

balancer with an imbalance no load..
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Fig.6 — 8 Histogram of relative ratio a/ay for the vibration that is characteristics of imbalance

correction when no load is applied to cause imbalance. The number of measurements

taken was 32 times.
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