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ABSTRACT

This paper presents vibration control of a CD-ROM{(compact disc-read only memory) drive
feeding system consisting of a new type of CD-ROM mount using an electro-rheotogocal(ER)
fluid. Chemically treated starch particles and silicon oil are used for ER fluid, and its
field-dependent yield stresses are experimentally distilled under both the shear and the flow
modes. On the basis of the yield stress, an appropriate size of ER CD-ROM mount adapted to
conventional feeding system is designed and manufactured. Vibration isolation performance of the
proposed mount is evaluated in the frequency domain and compared with that of conventional
rubber mount. The ER CD-ROM mount is then installed to the drive feeding system and the
system equation of motion is derived. The skyhook controlier is then incorporated with the fuzzy
technique to improve the performance of ER CD-ROM mount. A set of fuzzy parameters and
control rules are obtained from a relation between vertical displacement and pitching motion of
the feeding system. Following the formulation of the fuzzy-skyhook controller, computer simulation
is undertaken in order to evaluate vibration suppression of the CD-ROM drive feeding system
subjected to various excitations.
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Fig. 4 Experimental apparatus for the ER CD-ROM
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Fig. 6 Vibration model of the feeding system with
ER CD-ROM mount

5. ®Mo{7] Ml

ER CD-ROM ®}$-Ed] R3se A73e o

A7 oz A% BES BBl N FTAFAS

oj%e Mz EL& FH4 AR AFFINS
o] AsA Pt WA 5T AFHILTE
A7) YdAME AAH AL Ze g DEFA
o7} ®Q3ctt ER CD-ROM miLEE Wt 553
{semi-active) £ 24 FZ7} 74gd3ly dWrFe =
o] AL HE AjlolE A7 Ee Algo] WS &
AHojt? AzjolZ gFaZLS A2H 9 T
Aol AAY A zAASS A2 Aoldl s
AHE AXST o u FANE s} WM ¥Ry
g oF WHygor AMLdl= Aoz ER CD-ROM
neES] TS it T2E F4L o439
o7 ¥ggys BAE A% ES ARG o o
o7 9wdy yE ged gol ggag’h,

U, = Fopy = by "2y » i=1,23,4 (14)
A7NH byE 2FtlE FTEEY AMA ke
ey E2ldoz: 9@ A4E dekdt ER
CD-ROM FmlISEE W5 EHolnEg AAYY (U)
e gge 2AE DEsok ¥t

U, for Ul’(z.bi—yi)>0
U, = :
[o for Uz, - 9,)<0 (15)

meld SERESS AYRT BAE Edld 2F
A5e 47 s ¥edw 4 ANFeE 87 B

FYg oA BEEE ot 2o
1

B,
E =|U, hlly + k) ,i=1234
a,(hlk, + k)4, +1.92-2- kA, L,)

(16)

A (194 A7 ue AE7A HETE
g a8y AAE I Y= AL
A7 (sensor) S 7 A FEHY £ BE AH
WEEo] AFHoE FH Y AL A7 A
. & AF9xE ER CD-ROM FIE FAFA
Ao WA g3 Hg AlAY HYATE o]
23t AR -4 BS7](full-order observer) & +
Jate] Aog FPPH?

CD-ROM ®2EZ9 2% 7|52 Y EHY
2¥E EHY AF 2 RN HEHE IFl
299 Ao AgsEA EIEF Hdde Vs
4R ok Fk, AurAHQ AFto]lF Ao e Al
24 3t tAtel 7Hade AW E AX g JFAE
Sz Agtd 27tolE A7) (14)9 #4 ¥
o dwtygog ¥ AA7F FEHY G ALH
o] FgRRo| old ztzte] ER CD-ROM ®w&EV}
Aag BRolth waty B dyexMe HE AlX
9o 2A FA49 £33 we LT JEE L
3 ¥R ¢xAE(fuzzy algorithm)S A¢d 27
ol& Aloj7] (148 VASE HPF AxDe FA
ZARE AF A s FHANLA HA-2
7}o] & (fuzzy-skyhook) Ao171& A3ttt HA
ATHES AANZ HLY o, HZx2 A HE
AL Aol7le] AHA, & HA Ao FAHE %A
ARt 3t Holth ©E Sstd #F7) 9
s BEHE FIUY SEAR % «F LT
&5 AR pE T2 gt o|2EEH HA
A o) (FC:fuzzy control)® Aold #H& UellE

e gL 2AEL 4 F U

b

If ?,,,5 is big, then ng,,, is big
If ?b,gissmall,then N fuy 15 Small (18)

AT Aojd FAL FE FCE AASI AHA
AA 9 3 BEY A @ Aol UE PR
g UyeiE 958 T 2ol ewn,

“=|?”|"B=|§l (19)

olgt ol F4HE ot B ;S HAI A Wy



. ER CD{ROM WHEEE o8¢ Eaoln sw Az AF Al

2 2% s o2 FARD 4}1»;—— tg 3 z-;ol o
A7tA 2 E¥. ’

ss={VS, SM,ME, BI,VB}

s ={V'S, SM, ME, BI,VB} (20)

o 71 VS, SM, ME, BE, VB¥ Z}Z} very small,
small, medium, big, very big2 2udE HAZPE
ot ¥ dAFeME At gestE fstd #HA
dEFEY A&%FE AA4E gz HASA
I, AHEE HAYYH RS L2EFSFE Fig. 7 &
Alstdeh 4 (18)S A7 A8 HA Aoigx
AFY dYASFE A9 ol HFY, Aods:
o33 2ol ’g?}t}.

Mfuzy = 120, P\, P2, P3, P4, PS, P6} (21)
AN Dy E 27101F AA byl FHAA 2
7telF Aol ALE HAF Ale HbFolH,
Ps, Ps, Py, P3, Py, P\, ZOE HA%E vehdg, o]
A HMFER ooy A EuAFY dEy @
Ax s 2ol 2@V,

585,C8 = 1] i, 22)

HA Aol 44 BHS 7 el 5PHA L

Grade

0.0000 0.0002 0.0004 0.0006
(a) Membership function of |Z,]

Grade

0.00 0.01 0.02 0.03 0.04
{(b) Membership function of |8|

Fig. 7 Membership functions of the input variables

2 2 ;:-oM AF ANE W FHhEIE N
A Aok 4 #3E zZ, 9 099 o) Zz 3
o2 W AW ss=VB, s=VBH 2 HA ¥
49 B2 ol8ad QY. BN, o RIAA
= A Dhey® S WS FA Fo Dpeay = 6 9
de 2ES BT WANZ S wsaE 24z
9 e FEsA A FAE FHHA e
2

If ssis VB and cs is VB, Then 1, is P6

If ss is VS and cs is VS, Then 1, is ZO

If ssis BI and cs is SM, Then 1, is P3
: : : (23)

olgt o] F Ao WF - s ool sty BHH
z,sk b WEE el Foglen, ofd A
HAG 27tolF Alo] AAY ANE AREA e
HA GAYFES AAY ¢ Aok 4 (22)% 2o
29 E 25709 Ao #4& 22 Jeh ¥ Table
33 2. oA, & AoA HAF ZdtelF A7)
g FCE #AA ﬁizlj¢7}°l-'€- Ao7le #4848 F
Ao, HAA  SIFE FERE O HAY =Y4¥
(fuzzification interface), %‘%-‘%(decision-making),
8] ¥ 2] 3} (defuzzification) 59}, 2802 A9} H
A EGRAME 4 A5 ot B FE EF
A MR A% @l(abe) B HAXE GE dof
A % st o2 WY, FERE HA F2YF
o] AAREA HAZ RN HBE s9 o
o e AHWUFE A, A #H L& APy, J
FTHLE pu,@E FESA Y. HHARFEE
29 HARS 4A Ao Y¥ez: AL A
FEFAN ARE AAR 74,8 FU SRS

Table 3 Linguistic fuzzy rule base for fuzzy-skyhook

gain
VS SM ME BI VB
A Z0 P1 Pl P2 P3
SM P1 P2 P2 P3 P4
ME P1 P2 P3 P4 P4
BI P2 P3 P4 P5 P5
VB P3 P4 P4 P5 P6

ARLZNESSEUHX/A 9 A A 6 F, 1999:3/1255
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Z \gsn, o9 o] AAE HA-2701F A
718 vdehddE o33 2o

U; = Fepa = baps My - ?bi ,i=1234 (24)
6. = Ho d3 % 2@

A AFtolE ¢3EFE °]&¥ ER CD-ROM
nfLES A% #HE 8td Fae 93 AT
dodo st zz AAE FYPsA od HE
d ER CD-ROM ®$-E9 AA WFES Table
19] AAE AA FES AL 8}5&“‘% A7t E A
Ze ERFAY AduaE F#HI}Y 3 kV/mmZE
Aotstgrt, Fig. 82 #7128 H oFHE AHd
4 zke] 3L 2&3s7] Y3l #FE AENs
7b AA AHEFE FHI}E é?}"" A A 3t AT
BE uto} Zro] Zrzbel #&E A
23 AA B B FFHI}E RS %
Hdug dAgE BEV2RE 38 @
H e Aol AL ¢ 4 I Fig. 9
go) dg Ay A2"e ZAFA (z,)3 1H ER
CD-ROM w}&E z, ¢ 2 ER CD-ROMWZE zp
9 W9 HAYES Foe F9oA derd Aot
7t g¥L Zztel ER CD-ROM ®HEE F-Eoll A
y;=100% sin@rx wx ime)pm], i=1,2,3,42 7}%

actual
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Fig. 8 Time responses of the state estimation
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Fig. 9 Transmissibility responses of the feeding system
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