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ABSTRACT

In this paper, the explicit equations on the power consumption and sensitivity ratioc of VCM-type

actuator for disk drive are proposed. The power consumption and sensitivity ratio is derived in

frequency domain. The power consumption during the frack following of the actuator can be

described well in frequency domain and it can be used fo calculate the total power dissipation of the

actuator which is needed to compensate the tracking and focusing errors. Also, the sensitivity ratio of
an actuator is derived by using the reference servo of a disk drive and will be used to optimally

obtain the performances of the actuator. This sensitivity ratio can persuasively explain the basis of

the target performances of the actuator in the considerations of the reference servo. The usefulness of

the proposed equations for the sensitivity ratio and power consumption of an actuator is shown by a

lot of simulations. In the near future, we will verify the simulation results by experiments.

LM E

FY23, YAz So|He) AMSsE A

Lo rr

i

57l HAsiMe FE719 FAS 277 Fopxok

r“x:

TFE oA E LFE WEAT) HFAM TE7)Y
Al g Aol FEY g A7t FYHAUL Y

32 25719 Aol QolM, F2% LIAEE
Sk g4 AI7re) Hastolth, Seek time A7)

N}*ﬂ

3}
=
23t ol 2 FEYR B THAEF FHFE £

Al
=

B A7 ohlst 3 SAE $E719 4A0
QAN F28 &7 Agolth oldd 7E719 A5

T AIAA A, AR ATl
E-mail : jinwook.yoon@samsung.com
el 1 (031) 200-3911, Fax : (031) 200-319
A YA egold s

AR Bds dole AssEd 2
%719 DC/AC Re, 34 33
5ol ol Zatad cleld 757

2.:

e o

M

2

o
)

).

W s

It

4

rsL'

UHES B2 7E71Y FEETE T4 0}04 A
U Az Ud 2x XS Ham HA8Y
3 & Ao g 2AE B3] Al
L ,\lE} Gt & ERdAe A BE
| tht 2AEN AR Aol MEE =9ste ¢
19 %

o
o
_‘T‘_,

1

32 2AE AN 2
EE, FE7)9) e 2RE F28 fa0ld, F9

st gl Hgtst Z}f 719 EgtolE el )

i

SLFTESEHE=22/A 148 A 123, 2004/1207



(o]
A E-& :
e ——— N St —————————

—

oME ARA 290w A8¥ 4 U ol@
o) £xol 93 9o Wy Y% $FS 7579
2EE 27t AT AF A5E ASAIE F90

2 g9t 53, BEd 2Ee 7dY) FYHUE
A9 £ Uk FE219 e Lne) g AF
QAFEE YATE A BAE e AT BT A
F7h ATk T FEE GAPER g E
4 232 9% TEE Y23 3 TEAE U2
20 71850 Y= HolHE 93 2] Asel B4
Ed 232 Selob 3n, olge 75 Fo B4
=29 YATE A WA e Vsl A
2T 98 EY FF A9 $9e ASHoR W
At FolHZ o)y TF/Y FATE A WA

=

3= B4R g 4ol T2 At
of ERdME #5719 iR FHE 84
S Fig FHAA FEstATh FoF G
o F4R A4S #5719 FATF Al AHLE
£ 0% 2 A9 2 5 vk BT ojdY =Rl
TE71e] g Hastel thE AEH FE1Y &
& AT A& 2437 AT FHAA P T2 AN
SR 2y ojed BRNE 28 4% A
o g Ha&d ZAE AASA FUH =€, FH
A ZjolHe] AL AMHE ME EAozRE
s 25719 4% Al g A g -r_T’_
ool g Y EE oMo HE VIEY =
Atk metA B =EexE Frid Befo]Hola

_.u

23T Y= APAL Tz FAH AR F4L
gate] olel@ BE A% Aol YF 2AS ANHD

olE FHAHAUAN HE&d A4F HY Aojth SQP
(sequential quadratic programming)ol +&EZAS
7re HFLA A AFsr) WEed o] =EelAMe
HHHAE st o)#d SQP 71HE A3t

2. #3719 w9 420 25H|

21 #3719 mg 42

tg23 Edo|He] AMEEHE FEe iR
voice coil motor(VCM) &2jo]al A3 F57]¢ 3
A FEZY olBY Hle RABIER oArAME
VCM 329 Ad FE7]d Mg 72 g
o 9x dwEQ MY FE719 FE2E Fig 1)
23, ol3g F2E Fusd ZelojHe vlh FF

2

r l

714 Zol B 4 Utk Fig 1(a)dllM B Hiezt
of ulA TEFrIE TAY, EYY HFLEZ FFHE
2% VCMLeE A" =3 Fig 1(b)E A%,
7 wEo R NFEE YEiTh

oA, olEd AF FF71Y AupbgAE 4
(13} 7ol ¥ & dvh A71M, M, C, k. ¢
Zhzt 7E719 AA A AA A Az @

[

o

3 A, 3 AFE Ve Y x, = 4 31E7)9
W9l AU AHE AFE e
Mi+Cx+kx=¢-i(t) 1)
A () BEets d3st A7 of Wl digt
Aoz A o 2
X(s)__ ¢
I(s) Ms*+Cs+k (2)
I
4 (29 s=joE YYsz ¥ (@9 sjg 7
3w ofe) 43} 2ol ¥k,
‘_( )’ ((k-Ma?)? 0
¢ 3

Wire Suspension

(a) Structure of a linear VCM

X
ok
: M- F=4i

— F—
C

(b) A schematic diagram for focusing/
tracking motions
Fig.1 A linear VCM for optical disc drive

=2d/A 4R A 123, 20049



A3 SgolBg VCM o 3dolEle] AY

debd 4 (3)2 olfstel HNZTFS 4 (4)9
2ol UERd & 9lom, olRe Fus gelolqg
AA2EE YRt 5 3 Foe Geoae
29 45 9% FAzRFe] AujHo)L FL
Fue GAAE TERY AZ0NA AT e
B7h AAels A & 4 Yok BE BN
% BAL dE ASlE TFAE 990 Hy
BE 7ERY A% GAAZ] R LT Fbg
2 g Nt 22 ¢ 4 U

P(@)=I*(0)-R

4

= %~{(k—Mw2)z +C’0’}- X* ()

4 (A, 2L AHRe)H B e ok
2 (5) gk 7o) Uehd & glth

NI Al
Re=be g =he pgr
0= 2NLB _ 2B Al
oE d? (5)

017]}\'1 kR N lt le dC dO At 0\__ Z‘}'Z‘]- H]
A A 2o F AU 4 13 A Zde Aol
1}71” ol ¥ s T FEAe) FYAA

A -2 94 LT AA 97, A7) 2ol FA
Elaslini %% Ueiie B d47AME 23

_{N

Atele] A FEE uidith 4 (5)E 4 4l o
dste] HEjstd HFHOE AJLRE 4 (6)F 2
o] AL £ AW AT AE AFL B2 Al v

Witk
)= 5
4B.a’V, | d,
[ k Mco +C2w2}-X2(w)] (6)

TE, U23 Seleln 57 g2 4 Ed

2 FEHE B 2EY PE ML 759
45 Pydozny Yol ¢ 4 9o WA Fig 2
St o] 75 FAol AW WFW X.w3 ol

AR Eve] B A7

2
k d
P(@) = —* x—iJ
4B§a2VC (d
x[{(k—Ma)z)z+C2w2}-X2(a))+k2-Xfx]
(7

w2 A (NolN ME M+M.2 53 o) 4z
39 4 (8)3 2ol B,

2

dl]

x| =
(d‘. J

{k-, +M)- 0V +C} X (@) X2 ]

Plw)=

43Z 2M

os

(8)

A7NA, Mo, M., D= Fig 1(a)ollA] B Hie) 7‘01
Z}zh FYRE A9 HHINe A FYRe) A

FYY BEE UL, X(w), Xas—c )29
% TE FHY 27 AR wHA AA=HE
olty, «§7]x, RUIF AR(M,) S ASde A
7|1A ExtolBe] HA AY), JFFAA M 2T o) F
ol A7 ER Ak X5 Soll YA Y3l
HOlR9 34 A7t hgHo R AAYHT, I F
of +&719 MBo o] EuRe| vaFA o
7 EAFA BEF FAAAEY gy BZulRe
AFE o aRe #AQlel AAE 4 JX T+E7

9] BiaRe AFPHOZ FTE v & Y= Hy
T MYE & F °’E} ueba, 2 (8)S Mol
o HU|ESTL aMC P —08}7 %7, gew o] g

AR} AEE HE ME D2 4 A

uaf °$‘$4

o
O

P

X -
Static Equibrium 12" _sy Driving Center
t

L]

t

T -t
| i i

On b b

(o T
CE) 6

i

B

.;':Damping Material

SSS S
Fig. 2 A tracking state with an offset, Xu

EEE/A 14 E A 123, 2004371209



1
.
(Mazw4+(C2—-2kM,,)~wz+k2+k2-( X ]]l
M =

< 2

go) HelA e 287} HAE HE Mek -71"‘—-4
Fol W5 WY o 2z RS 2 A5
93 gzae) AEFH 75719 279K «16}04
FHE Ve A2 T 5 AT

2 #5719 Z=H)

7114 %71 452 Fig. 3949 2o] DC, AC
WE 2R FAE QF FoE At oy
DC, ACREE 27t A%, TFH4 GooA
57 2% dehie, 14 24 FAE(4), Q&
FE719 HE3Y BAL e 4BASE
& 9vh Igeld BE FEIYSl AbdE Y
erdeh
oJels H5EL TE/Y AAA A M, k
C. 2% A9 B2 M2 57 A ol
99 ASASE h Adselo} BT B ol
BANE 75719 AAH 5 AR 45 2
Moz HolE 4 Sk TEHE FFe BHE 4
gtk 7129 7571 45 derlE DC, AC %
£ 14 32 £34, Qz Bl A Fas ol
A Helde ZeHs AR Alolel HEe mYst]
28 Q%o d¥ B8 2AS AN 57 Uk

94 e 2ol FE/9 DC, ACRESH AR
ARE o5 Helve

tlo mg rjo

qrdc . ?‘%'7]9’] DC 7!:1—E
Ve t 75718 AC 2%

a @ HFZ 5

Q

y

DC Sensitivity

i AC Sensitivity

I fac
Frequency (Hz)

Fig.3 A frequency response of actuator

1210/8 24282 533 =Y

T3 A (9)9 ol AT MHEE AHodth Uk
Hoz #3 MHE CD/DVD #HALZRE Fo
A&, ol#8ld FT AMHBE Phase Lead BA7IE
HOUT FYad ZatolHoA AL HE 5719
AN e ola g BAVE 7|22 AAE, AA
AHEEE Ao7lE 239 Lead-Laghd712 4
gol AT dFAQd e o8 FI MEE
2H 374 WeiuA gt 4 (2)dA4 ¢ + UAx
o] +%719 Aggre TF I FHA ~40dB/
Decade®] 71€715 zte 23t 15712 A8 4
AL 0dBE Ave 75719 NFZ Y Fo+E

2
27 8%, 4 (9)9 [“’wj £ 2F9E gl 2
A 75719 B4 JepT, 2, Fig 449 2ol

5714 7H‘I‘—E— —'—ETé% 2 #5719 FHe §H
543 7ol -40dB/Decade® 712712 F37}
7t o, ZAskE & B 4 92 Phase Lead
2379 g 4 —7—@*’?(—36—,3%)01]*1\—‘2 -20
dB/Decade®} 71&718 Z=S FIAR7} A9
531, o9 FAMEE Fyzd EgtelHe 27
Al olsiA AQkE BEFH AolL R
F4 Fore 483 A@A gaiM F gt
A Abgo|BR, o] =ReME ol AleS w
2712 @

3-iw

1+

(o Y ©
1+Hy =1+= e
3 iw 1+ w

o] 7|14, Hy2 AA t2A3 =gleolHe 7Fx Adsgt
wol WeHE ALAR ATE HYRS s

(dB) A

-40 dB/decad

3w,

0 w,/3 @

Frequency (rad/s)

Fig.4 A reference servo of actuator

/20 149 A 12 &, 20043



Hiz =e]Bg VCM dFdolefe) 8 2R FFievld] 3% A7

Rg, o= 0dBE Avs 2% FAeE

SR

T YAz Sajeln Ba(daze HASD)d 9
g4 F2 AAEh o]H3 Phase Lead 24717}

Ae ALl BH
Decade® 014 A=
A Fug ZHAA
H7te A4 Fa4
A oz MR AFAE

Z& MR 712717}

-40dB/
ARz dgddest 7570 2
S "ok metA 1A
cAA FET A A/ 2

TRdt may 4

(9F oldstd 4 (10)5h Zo] FX MR 4, 3

=1 O
we

st
AES BAY
FA

7ol A ey

F UES FPE A48
SEREEE
A ) Aol

244

Q o
of
ore o

. 201ogly, ey, )
| 2010gfy, -+ Hy ),

201og(y1-|1+HN[M )+4G | w<o,
Gy =1m-logw+n, @, s0<o,

20l0g(y, I+H,]) . 020,

A4, n<l. nle 47 3z Aud 4, 5
LR

AL~ 2

AtolellA SEFE AFE F71 A% S

<o,

020,

B = Qe T MH A stde 4
AL 5719 AR/} tade] EY ¥ 9
2 gt

Fatsg goE 7

(10)

ok

W A el et seatele) 74 FAE
57 NG wet gl 5 YAY, Qerow
Fuad Soolde A% 7=09, n=112 A

29T 4GE U23 YR dFds o

WY vad A%

2ko.
o=
49 A%Fe dehdt E8, 0, ok

_— 2
" log(wo /wl)

ne— L
log(a),, /o,

—log(w, )1og(y, l+H, LF% )»log(a)] )1og(AG)}

A (103 (119 =Ae

rlo

ey

)x{20 log(e, )log(}’z i+H, I,,,:,,,, )

H
35

3ol 4

1 [AG‘yIIHHNIw:m J
Olog| ————— 2%
o

(11)

Bl

&

o

S sk

E o€ txd Saelold agle] ug
A1 27] A3l HEHE AF BAF TS AF E
dUEFIAT & W, Ui E4VE 2 VIE
S B 9% 75719 4R ARE AL (x/e)
2 Fo4d 9FE G Zol BT + Uk

2 - C,(o)
((k—Ma)z)z +4¢* Mka® )5

G (@) =20logl0t-

a2

A7), & C @) A7 AFE oS, Phase Lead
HAVE Yedg, dutdoz ¢, (o)L w3 Fu4
o)A JFL BN Aol olmE, AR Fis

oJetel GAelHE e 2 Hol APt

4 A
[(k—MwZ)Z +4¢2 Mikar? )5

G, (@) =20log{a-

13)

4713 C (0)e AF5% Qo149 Phase Lead
Ba7) AL Jerdth olgd 3 HRe 7E7)
o Al Aboldl= T 7 BAF AYsof 8
B, oA A wieh ol FE7 AEI Ui
= il

‘(l?l’

(<) sk 2= 3
5% B4 & UES 22T o

ofy

Giow (0) < G (0) < Gy, (0)

Gl()w (CO) < Gact ((D) < Ghigh (CO) (14)

T3, 4 (3)0ERE FE/9 DC, AC AHEE
4 (15)% ol verd 4 Atk

v/dcz%’ Il/ac__ ¢
\/(k—sz)z +C’0? (15)
mebA, 4 (13)~(15) & °l43te %719 DC

dxd] o
2 (16) &8 ¥& F 3tk

AL X
=

2ZTEFst

Toh

l=2Z/A 1448 A 123, 2004471211

I



AHE-8

O( Gy (@)-Gi (0) ] r O[G,m(qum (1) ]
0 2 JYas <1 ?

Ve ((k-Mary-+acMrar |

(16)

5 FE/lE 2E Foi geold A A5ae
: A B0k Beh A9l RSN The
A FE9 AY, 22Y R A4
£ ciFelA slest 35719 D 2
ug stk 293 $589 4, 8
o Fus dlNY BT AR
vel QoS hEolth wekd 99|
2 FE71e ASFHLE DC/AC
2L 4 Utk e ¥ 4 9
719 DC, AC Z=. 1#%
Auel Bg 4% ¢
ug FolA\z AAUAT} F
e e w2 Ave 35719 Zwn
2o 579 4ol AW DC,
AC A%, 1% 34 F9%, Q3 B9 BE Ao o
B 4 OIS 919l R4S DAL A2 A58
£ 25 9349 ¢ A 3

Fag GodA &F

=

"

ot M

O o o

D\l

rlo o 4y
m

o

o,
R
oX
i_.

1

ol
L8

4z ox 9 £
e H
ra ‘lf‘“
Kl o
ot WHTJ
10'1

N

o -

H1 ol

o >

o e

gl

tlo
-

_l

rlr

~
r
o
i
o
2

E
0
| A8

o P
L
)
e Y
B o
B
Hﬁo]n
2]

e 4
¢

te i O oj fi d
o}nl‘-i'i

o

N

E=)

o

=

& AN TR 8 awzﬂoﬂ 894 250

ES, ZYo] AtEE AR AgHe BAE A
73 2 ¥542 'ﬂﬂ}oqok Bk o47)A, 29
o Qg o@ FA FAsGT of HEHo|
gujshs v ZYo] QAAHE AR A AU
37120 o9 Agel Fol A7bEle Hrh AU
o #oje} ke Zoldk

RC -i(t)+¢ -x(OLE an
wa FENS AU W, FE MSE 58 4

(18)% ol tErd & Qom, of 4% 4 (17
dlstel Belshe 4 (19)2 9€ + Ao

=

Fnay =[X (@) 07

max

xmax = |X(CD) : wlmax (18)

2B M
ky (MM, )5 +C ot 5 <E
2 Dd

g o

- (19)

v

o E 7E7)E et e 43 A7 g

AN, g 8= 47 FHANSESG HE 4H A
A golth & TER AA A 9P 31 A7
ol 81& AH AQ Pk A HA Folop Frk
AT FH AP ¥ Tejelne 7% FFre
A% Azl me} 2H GO Foqrk

3. #E712 FHHMA

3.1 W9l 229 MY B MY
AR Fo5 QN FEIS S smel OB
NgHod A%E oI gtk Table 1& AEdo
ol A8 FE719 SheuEE vekin,
Table 19 ekl SaAelES ollel Tk
oy 75719 B ABFE Agdold unl
F1g 59 22 AAE 4& 7 S&E} Fig.5& 7871
o Xo7b "070)22 22 ® (k) 7F 10~150 N/mAt
ol W W, FEANS el £ust HA) ME
dein, 19 )k 4502 A Mol 3
9 ARE Jehln 18 (e Me=0.3g¥ 4%
39l 498 veF,
YN RmE s o,
A7k detel i
g 6(c)dMe AT digda F
2z (el dek 348 W3
o

A7) 29 A

257} A s AL

2 4k 2
ot 3ol 5

N ©

o;?mgf;ﬁ
T WA
o NS
-‘}m‘ﬁnf\umlml\

>'}£HJ log;;ms

oo po B o g
o o
2oy N

i

o

2

x

o

o L
=
®
O

Al vebdus

=RE/A 1449 A 12 £, 2004



H2a sgte]BE VCM fFdo|He e AR} Frn|d

% dz

had

s

oo er——————————

£9, 29 A7 Fas olyel

AHE AY AL F&F BasE AL D

o olEAHoR X,=09% W, LFa5rt 5
714 %

0.14

o 2
h —
- M

Increase k|

0.06

Power C onsumption (W)
o (=)
o o
& =

o
o
)

=)

104
Frequency (Hz)
(a) Power consumption at optimum M.

A

102

103 104
Frequency (Hz)
(c) Optimum coil mass, M.
0.14 —
8 012
>
g 01
=]
.0
"g, 0.08
g 0.06
o
G 0.04
&
& 0.02 1
U Tl "
109 10! 102 103 104

Frequency (Hz)
(e) Power consumption at £=50N/m

ZAodlE M7t 025g017] Wi #A %% 025
gol €3 €oh Fig. 62 Xo7F 100#me o 3}
9 ARE Jepdth AlEEH A AHoA £ 5 9
5o}, X8 ETARE st e ARV 4% F
7HE AL ¢ £ g a8y A8 F3Y Ao A
0.7 e
06
% Inerease
2 0.5F
.04
?03
o
S oaf
z
= 0.1
D % 8 1
100 10l 102 103 104

Frequency (Hz)

(b) Pewer consumption at M.=0.3 g

0.14

o @
N —
- (3=

=
=1
&

Power Consumption (W)
o o
o o
E &

bt
[l
o

D 1 1
100 10l 102 103 104
Frequency (Hz)

(d) Power consumption at £#=10 N/m

0.25 e
[ T
& 02 \\
& 'y
g
S013
2,
§ 0.1}
(=3
2
£ 0050
(=]
[ %)
0 1 2
10 10 10 107 10?

Frequency (Hz)
(f) Power consumption at #=100 N/m

Fig.5 Power consumption and optimum coil mass of an actuator with X =0

o

T2SHUSSEE=ER/A 143 A 123, 20043/1213



-3 54

Yo

1, o Aol TS FelolA kel ghol o
59 gol 2A 99, oz

9)
Z3 AT Xuol IFAFFAANE FIS

1214/

Power Consumption (W)

Increase k

10? 10! 102 103 16%
Frequency (Hz)
{a) Power consumption at optimum M.

14000 T
12000 | ]
10000 i
& s000
&
= 6000 ]
.'g
o 4000 Increase kb
2000
0 k\_
100 10! 102 103 104
Frequency (Hz)
(¢) Optimum coil mass, M.
3 v
._——_\—‘——\‘_,“-—’—‘_'________—
% 2.5 b 1
g 2 Mr=03g 1
2
o
5 1.5
g Optimur mass
o 1 1
g 05}
o
0 0 1 2 3 4
10 10 10 10 10
Frequency (Hz)

(e) Power consumption at £=50 N/m

M7l gEoltt, Fig. 7& IFHT FHdA4 HH
Y AP 59 Qw‘%ﬂmﬂ dg94 Be vt
o} 7ol X 7b EAste A% 2ZY AR(k)7 A
AFE HA 3d 4¥E AXe AL ¢ F Utk
I8 (a) € X/t 9 A%9d 228 A7t AR

Increase &
A

S

L o ]

-y

Power Consumption (@)

3 ; ]
e
2
1 —=
0 =2,
1 et w0 w0 et
Frequency (Hz)

(b) Power consumption at M.=0.3g

08 M =03¢g R
™~

.04 i .

Optimutn mmass

1o? 10! 102 193 104

Frequency (Hz)

(d) Power consumption at £=10 N/m

7

6'_——\‘_,‘______ 1
3 \ -
o 3
] M.=03g l
ﬁ 4
g 3 -
g .
2 2 Optimum mass ]
51

0

1’ 10! 102 10° 10

Frequency (Hz)

(f) Power consumption at £#=100 N/m

Fig. 6 Power consumption and optimum coil mass of an actuator with X = 100

S o forn |
HRZLSHES

I

Sl=iE/A 1438 Al 12 2, 20043



l
|

U3 =golEg VCM dFoolg e Ay AR Zrvd 3¢ 9+

A%e A9 025golH A Relu
A% 2 % A 99 28 (b)) AlE 2
Aol Z7lel We A4 29 AR PRHL
ke A% 8 F SlE oA A s

)
[
2 @

oM rir "

Woox mY HuO|H &2 M
[o3
2 o
3

o :l_z

AZE A3oF g 9] AR} Ha
7 HEE ARPH AT o B
B9 ARE AN 7 g Aotk WHE AF
o 99 B9 ARE HAUL HEE AASIH I
Fa g 29 25E FY F g Aot S,
AR7 471 H& 4

A8 £ Foirvig B
Aol ARATE SElolt 2dy 44 75719
Fo Fieoht g gOoE Fold £ glow

)

Fag digdA HAsy HHoR @@5101015
gt} olelgt HZY Id AYE AAE] sty
A AlEE el AHGE t2ae JFFd BAF
A& AuE

@ 2
. ‘j, <@,

X ()= (a)"

£ Oc 2 »>0
o |’ o (20)

Table 1 Simulation parameters for the calculation
of power consumption

Simulation parameters Symbols| Values
Proportional constant [m] kg 2.54E-8
Magnetic flux density [T] B, 0.3
Fractional utilization of coil turn a 0.3
Remaining actuator mass [kg] M, | 0.25E-3
Coil diameter [m] do 0.1E-3
Coil diameter (conductor) [m] dc 0.09E-3
Allowable disk runout [m] € 15E-9
Actuator's offset displacement [m]| X. |0, 100E-6
Spring constant [N/m] k 10~150
Damping coefficient [Ns/m] 0.017
Cross frequency [Hz] A 100
Inner rotation frequency (Hz] fo 58.3
Cutoff frequency [Hz] fe 2,600
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Fig.11 A flow chart for the proposed optimal design
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