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Analysis on the Dynamic Characteristics of an Optical Storage Drive

Yoonsu Nam*, and Jongrak Lim**

ABSTRACT

The modem trends of optical storage devices can be characterized by high density in information recording, and high

bandwidth in data input/ output processing rate. These make servo engineers to face with a new batrier on control system

design in much more difficult way. The first step to attack this barrier will be through a systematic modeling for the

dynamic characteristics of optical storage drive. In this paper, an analytical dynamic model for an optical storage drive

based on FEM is drived, and compared with experimental results. Through this comparison, a practical dynamic model

on the focusing and tracking motion of optical storage drive is proposed for the initiation of real control system design

problem.

Key Words : Optical Storage Drive (%8 A X 7|9 % %] % e}o] H), Finite Element Method (3@ A& &} 41 )

Coupling Effects on Focusing/ Tracking Motion (=

1. MB

27)3 ]

48397 A2d D
ot 428 7| SelAR

1980 11t}
(Compact Disc)s T
A EUA, dAdE e 5 193 A (CD
- ROM/ R/ RW), Ei= dEwjtjol Z4 (CD-
Interactive, DVD: Digital Video Disc)® L &8 ¥4

hatas) s gl o Ssl 3y
@ Alds gAdohal ol MR s dlE
B s R St I ] B ot s Q] RUEER= R

(High Density), 71830 A% /&8 £59 2t

HZgl (High Bandwidthy® G735}l O’EP“ o] &}
yLo] ;G;z], 7L§].g]3— qu])\yol QT2 Al_‘;x *’]l:l
A’ Ao Jetog i 5n], s CD A
A7l A AFREE S AW AolAl HAl A

* ZAigy $agg g 717%14
- LG A tjAd YElvjtiol A

149

7(4/ E‘W?] 9_‘53_ (E/%I :6{__3]’)

ATk ArA dA #
%} =] (Optical Storage Device)
THHEL olHdY Fig

DERSE TR
o) 4] w_za
QRS o

1 ofl A

2 x

« ABAAY
o AEA :

7b ool dwst da s,

7 Axse nE An ¥A AY
Foh g d go] 71EH: A
MquAle] e dFQ
b2 2171 S Bl Hobaof g oA whehd,
ol#fel Fig. 10] viehd nhel 7o) waF
8k (Sensitivity Function)®] DC A9l A7)+
4 Hoprol drh Teiy, pC Fabg Fool A

rf

[ A
RS e

uy o 22 arig 2 @RS (Sensitivity
Function)i= dH¥td o g T 779 3 (High
Magnitude Peak)E 35t H, o] Al w7 oFH A



sHE S Hegek s g dildsl 4 d el A
Spoule lebs T wnh WAL Figo 1 ob @ ®es b 8ok B d e Fig 2004
s AR GTEEN B 0w sk ol v A%l cAE HW 7 vadl
el el AL 0 & AEEA o e gl
oA o 291Y HAgsl- AUl W
syl b A Re el ey o iAUS Much Higher Bandwicth Specification
oAk el an At Al Aol of Eat + Servo Loop instabiy due to Modealing Error
' I3 g P T R 1~ ¥ Nominal Plant Model Error
l(’; U}—‘“] k1 5 A3 1} "‘l—) ¥ ?:{‘]AE]—‘L C)ZAL} v Manufacturing Tolerance
¥ Coupling b/w focus and tracking loop
. knd«nmhﬂbﬂuﬁqdlﬂhl(:ommk{
———= Very high sampling rate is required:
Much Tightened Sensitivity Performance Specification v Computational Power
v H'm peed VO Loop TF Bound related with Uncertainty
» Machanical Vibration due fo rotation
« Eccentricities/ Disk Daflections Within order of 10'7- 10 'mere! in magnitude -
v Spindie Rotor Vibration for tracking/ focosing serve loop
* in the face of manufacturing tolerance N\ o
—_— -
* External Vipration I High Speed \\
Sensitivity
;orformancasaund
o8 e Nttt Fig.2  Design Specification for High Bandwidth

l High Density

Fig.l Design Specification for High Density Optical

Storage Devices

o 1 uEHe) e Nu gqdE9 B3} o
n7 H Ao odte] AR dgd R A%
o 2]k 2 W =W bkak Qxje) 17, Ti= 3

G FEE UL AN SO B4 o] AFol

,
7] wiel AECI AR e 54 ghe
ZA ok @k o W sefolne AR gl
(Bandwidth)©] 2} ¢ %T‘? ot % 7
Ty = Fxel 9% ax WEREy
A5 a5 (Residual Vibration) B e 0 e E
ML Mool lelA Fagk g o UEht
gl ol o] Fig. 2% uERY gEo], A
A & AFTe] Sy SRHEAT HdA o
e Ry %MQJ A7]9 <iskel BODE %9
HAE A 3R, 7 b4 4] (Robust Stability)
& BEsl7] flato] Ang Mu A ZA A
9 waRg aFela dvh e, @A AE
o] Ze 54 g @, AFaAroe 3%
3 muge 7o Brlssil whpa], Aaldo] o
Aol o @ HAFT AACY pRo] ndE F
chowmah, A AN g Au o Fe] g

Optical Storage Devices
o 3 AT Seek FnFF: Lo wloJE A
(Random Data Access)S 93 114 o] (Seek)'™
F 71 HEA 4‘;: UrEPLHc T g Aol
e, @ oz %H Ao g
o] o] wE
o Aol e

ofn} %

Acceleration Profile
New Profile with the consideration of flexible vibration

Velocity

Tracking Serve On

-

It Y

Fig. 3  High Speed Seek Motion Profiles



e - ol et e dies MY =

o R R T RS B S Bt ! e i A E T L I P L S R I

Lo S R I TR S RN R L gl d e (Lumped
o & voeERAS gaste A Parameter Method), = Euler-Bernoulli Beam ©]&
ol Tt Mool ojet = SR 4 & Hfste] gwet £ ool ed, A 6l
B olar, ol Ay @Iel Myle 42l o] 4 (Slide Motion)-oF d= o]
alf £3], I "HdFo Ed= 7o) ol &ItE AHs] ZjEsivldls &Al7E 9
(Objective Lens)®] zted wdlol] w& §& 54 o1 Fuler-Bernoulli Beam Model 2 -3 &l 77
o]l Wz el =7 rag drekgkel 7HAd ast 7 G0l wAgol W ayd YHs wasts
7} AdHos BEEdrl w3 AFHoR dof Ao olgd gol gong, Fas HHE A
A A Aae] & SAHES F A5 Axd gho} 3 gl Ro] £y Rulg Frghch
Are] Apekxt ujaly B4 molom ojulgh Avpis
AE dYuict ddH oz HAHE & H5AY
of % FUM AES A1F wad] g 2 A () ot rtr e e
(Uncertainty)®} 1712 wrd stz Aol Fa gk o] =i ~ A
Ei = A].%s; 2= 9 1:}' SPINDLE ROTOR

2. B ®E ME =2loj=2o Yy FocusinG | “pawcowe [ "
21 ¥ 2 MFY =2lojge JAY P e e oton

B 4w A to] B (Optical Storage Drive) 9 TRACKING
A7 Fig. 40l Al se] qlrf o] figolA] t _______

(o)

ol o mepelnel pEE wy W o wd

(Focusing and Tracking) w5 052 L} ol @k
wok, e kgl 9w s gl ‘?1’% 4

o

o

W o) ol A 7k 3191 Y F (Moving Coil Motor)
2 o)gae] FEshl: AWl $%(Fine Motion) -
o} =R AAE FHolE(Slide) DC FET
A gsted o)4skis A 8% (Coarse Motion) -5

upo} A, 3 A A

T A mebolH Az 3 9
lel Al gol o &sto] W A3k (Optical Beam
Spovol F ¢ W mERFGO R ’b“fl ahol o v
A W 54 JuAd 9xel gl s w4
Aloesboleh ghed, Wl 29k /g a2 (Moving
Coil)& P4 #=ols ¥i- ofdiel Fg 59 ¢
of Wy <y 449 F9 B (Flexible
Conducting Wire)o} 2]stod fbe| ol (Cantilever) =
Aokl os g gk s]e) vl Bgk i
Te ol gl 9 mIHE U] Hstol
fel wmael iy ol el g Al e
v}, Wz ol RYE & v ©@es A7, Fig 6
3} o] st 9l Edog " oo,
'dlZ ol EAol P othol vide] o 3o
Wzrd 4 olcl

BEAR TRAIN

Fig. 4 Servo System Structure of Optical Storage Drive

Flexible

FOCUSING

Fig. 5

Optical Storage Drive



2.2 FEMo| —I°F 3 H32 MF =204

Flg 6 ’} ]}"] L}TQI I aE AR S St
ol Ula g e 2l SlEkel fraes
el Agsdc o g o2 W W
£ Aol A el glonw, ofs1Al
Fig. 6ol Al A 7oAl Bepol ol Ui I
a7l Wbk o o] 93 0 anlo] ek 288 Fal
o reEFshAl Aol

aEa W ol mARel njateh o, A
(Rigid Body)®. 1ul® 7 2low, eke] Fig 52
me Py Qddle fdeEe 72hA Furhal 7)
g fﬁf} BCf&, %‘é AN A Al A S

- m A FE e TR =ER P @
Hel fehaso s weistel, Fg 65 ol Fa

Qama ek ok o W, S@d 2 ko

Coils tor Focusing/ Tracking Actuation

%) v
PV ey R
Immersed in Fluid v

—— O

i

|

l

1

1

|

|

|

i

j ’ ¥
’1\,ooohm/h3
b

t

1

|

I

|

¥

i

IR

i
Var) MPE€1
o
7

Moving Parts of Optical /U

7
¢ o .

Fixed Pant of Qptical P/U Back EMF

By Slide Motion

Fig. 6 Simplified Model of Optical Storage Drive

of w, #ad de] i -

FoluA ek A=lAIAL v

WA QAo 3k &

il

23 go]l w3l

9= o}# 9] Hermitian Polynomials, ¢(x) & A}&-38} ok
of AAE 5 Arh
4
YD = D B kW (0) ()
N o 9 i_lh Y+ Ta'
T,-=EJ-0 mg[(zk:]hk)ﬁ-xi Y +y; 05 (Zk:I )+ x; Vi X,
¢ () 93 9y
m wl 0> 6192 6195 9194
m . . i .
= ;qiT[Mi]qi: ;qir J.o 0 0200 027 0,05 $204 x4 (2)
. 03 030 9302 030 9304
Os 0u0 0502 0403 0
0 0 0 0 0
W (3 . I LA AL
:~_[ [ )‘}f; =7qi'IKfJCIi:7qi7 J; 0 @307 977 ¢3¢ ¢:0i4dx a3
0 950f 0505 617 6745
0 oer #i95 0105 ¢5°
7] 4] qi:[y W wx W W4]7 [Y up 6wy 9i+1]r
T3, 297 wagor &%s}‘(- olg e 7HE (Virtual Work Principle) ol ¢]8tod 7} wo] #-&
A ZEel 9 g My AR e 4 = dut ]2 (Generalized External Force)2. 2 X%
thol ol o3 AR " Xif%tﬁ‘ (Viscous Agch = bEay 2 A% 9, f.(0) < vt
Drag Force) & FAHW, olE& 714 49 94 Aur Faa sl ZEy ofgjet o] AFHATEH



-
+

jal

o

—_
I3

A Tetslx Al W9 G

h,,

W, = £ A8 (x = h Yy
0 i+

= fu(D8(h,,1) = £, (1)6v,

€

7;1 o)

= O F A Al
E =, ot e
@l o) Al fd HdAs
(Drag Coefficient, C,)Y~ Reynolds 7ol wie} Z 7
Ah g Edz $50 54L& Prtet
7] ¥ &to] T 7} AF&-E 22 Reynolds
TORE 100 HT S gos EAEs ¥l
2hr], frd =0 gk Aol

1 F%5 99 (Creeping Flow Regime) 54 0.2 ¥
% 5 4L, Aol A AT Reynolds Tl
doted ©heEgh AR wd" 4 driit oy
of AofA pi o FAdxEAY A, gl pit ¥
A Al WL E zh ojn ko)

I A |
- {2 }
ot

Hon)’
ot }

21 (5)ol A Ay(x,)/ae & AV 7F A os &
b AR aol, QAR Aol AW 24 FEas
o) wmol Zgebs Aw 92e obg Aut o)
At

ol I s
S)st dol 3

}.]

xz 0 tu ;\ﬂ
o

SUE: R T
FAH e 4
3

o]

(5)

1
fd()‘ r)_E “d pJ\

j Furandye s ©

:—1.14]0' {K\ %}6{2@ (0w m}u:Z, FA0Ew, (1)

A71A

h;
f,~(t)=—KyJ:) [0 0:0 010 040, ix

'[“'i 6; it 6ﬂ»l]f

Fig. 6 7} Zo] 23y 2F F3a i whaho],
AAA frwe 2 @9 3% HBstd dA 24
of W@ ¥ &% A AE ol g olen,
EE Z) wr gol g mT ok ojug A
@ (6)2 olgstef T vk o] w, E47

Hhakol % WA AE v Lagrangian Equation

A

S A gogi YR aiTh.
do@e] | a.@_ .
d’|: gy :’ 9 &

153

oAl k=12, eee2(n+m)+1
La,q= |/ —v:zl_:l (U
q:[Y H HI e, Hm Y1 (D['.'V” (pn}!
9 Aol Al w ok 0,3 JA FAlol il e
o tyst «‘»L.-Ql wHejel sl Az, a8 v, 9

Q.4
)
g

v Bl sE&d gxd dlWsts #EE
44 el o mF e, o ve
ulE g Q) e,
W ket +lcke) +khad- {7} ®
oAl AAZAE ol gstd A )% thAl Hel
e}, ol mHo]l x=09 YARoA FRH =
J wHe My pRg Ao x=LolA A &
o e 9t e MY, aea 943 aw
(M, 0 L st AasE ok 4 o)
Fold: AAxEAL R 4 Urh
y(oyt):()
dy
—(0,)=0
ax
0
2 (L) =0 ®
11 3’ Yy 83)’
— (Ly1) = EIl ——(L,1)
4 ox>
ol AAZA Aol 4 (1)9 Hermitian H7HE
Ag3d, A MellA] A" Wg g v
g #HzAL 2 Hk
ul‘—"e\:(pn:O
M, (10)
——I—VH_EI ! vn—l+i(pn—l 12 YV
4 hy hy .
ofAl A el FEFNL A @ A5,
lay) ubakol Sy VEshys 4y nag o
% & Qo
My, Mpa|lY 0 0}y 0o 0 |[Y
o+ "4
le M22 X 0 C22 X 0 K22 X (11)

[() eee () fm(f)]z

0:17}A1’ x:["l Byeeeu, 0, v, @eee v,



dulaotel 4 e d A9

Table 1 System Parameters in Fig. 7
§ymbol ' Wi)escription Value (Focusing/ Tracking)w ~ Unit ]
L Length of Supporting wire 12.08 (4.30 mm immersed in fluid) mm
m Mass/ unit length of beam 8.95x10* Kg/m*
Mp Mass of objective lens system 0.65 g
E Young’s modulus of wire 117.5x10° Newton/ m
D Diameter of Wire 0.12 mm
I Area MOI of wire 1.017876x10° mm’?
R Resistance of coil 6 1 61t 1 Q
L Inductance of coil 140 + 10 27+ 6 mH
Ki* Force Constant 6.9984x10° 4.7608x10* g mm/ §* /A
Ke* Back EMF constant 7.65x10% 0.001 v/ s
Table 2 Variation of Modal Frequency for Wire Length & Number of elements

CASE | (m=1 & n=1)

CASE 2 (m=1 & n=2)

CASE 3 (m=2 & n=3)

1-st Modal Freq (Hz)

48.81/50.32/51.92

48.78/50.29/ 51.89

48.77/ 50.29/ 51.88

2-nd Modal Freq (Hz)

2121.62/4024.56/3996.31

2071.37/ 3525.10/ 4763.25

1893.18/2801.55/ 4413.72

3-rd Modal Freq (Hz)

6766.12/ 7777.43/ 9555.17

4754.90/ 5900.84/ 5004.25

4495.10/ 4527.22/ 5484.29

DC Gain (mny/ N) 65.33/61.43/ 57.70 65.33/61.43/57.70 65.33/61.43/ 57.70
el 4 apel M- vE ol FARE Y
o A w x 0o A4 EIE B 4 elrh [ =
e, B ARAY melelns O A TH J iy
o YY)
FuRayl A A2 SER uc ZosA A e el
AR, cay we gpol o FHLE A i
B SN T A AER A e FR o L2
3 Ak of NAa Bay g hend B Mt
3T L85 1z = 3 - 12 Arm Langth
B, T g ol ¥1 S48 @l el e T
s, Fig. 72 B i fEo] wi EEAE leeea] & (2 =
g g § ootk B9, 23 g guEe 0
Fig. 7004 S3olgitel 7 Ay asts wAsh
& 4 otk Fig 79 B5 A= 5ol AHg s
el E) ghE ol Table 1ol ] o 7] 4], Fig. 7 Block Diagram for Tracking Motion
°of 5 WAE 2T WMEEe A¥don AW
Eg omalan vk %, FEM sA el g 4
g melel Sy FEE Aol A9yl S Table 2 ol ofo] #& AF7}t F2Hch of7)
S AR AANER o grmol WAAAT. 4 me §4 7o FAD =40 sFee 4@
a9 FolH, n g L Fo =E2d =M o
FA8 e ol gEd ANY 2z AP @ a4 Lok E&, o] Tableol: ZF CASE ol
ol melzte] wlm Aol oA, frbes dHe thstel Lo dolE 71E doll 12.08 mm of 4]
Ak rd wAe] do) Ma7E B 54 (B2 1 025 mm4 W3 AA TPEA de Astsol
T mAd g AelMe s, S DC Gainel (1233 moy 12.08 mn/ 11.83 mm) I Hel o] 9
ofel gk Fa dw A @ sk vh AukAQl 3 melolH ot dE (Bandwidth)o] 1

154



=
Mo
=¥
)
o4
Eh
rO‘

A6 9@

R

KHz 118 G50 0o, g wsnl
- i
!

PR B T S S G T PRSI
O B G S S S R

471 azbgk gk
Al ATk whEba, -
ZTH: I Table 2 wl CASE 1 7 && 2310
F o Fojrh

L"

[e3

A=l
Sl 2l #M Y

S 4

il
2

o)

3. elEHel dafetel HlW

CD ROM E@folHo soj x| 33 A8 iy
R 23 EHY G AFoR ¥ HAo A
g0z A4 Fig. 80 o] & AT e

s}

TR NEHo s T8 Uch B&K ALY Fu
Toew MY (B&K 20350041 EEE L 90
A&y}l (Sweeping Sinewave upto 25.6 KHz)i= #§
+EVE Fokd =4, B B HEoR d
=oole s TR of o] We o
o] 7] upol N S o B} (Laser Vibrometer, PolyTec OFV-
512y ofsted HE ¥

spepo) gl A7)l Edd (a7149 qieol
¥

He w HEdAcrt 2/ EHY JuEadel ] ¢
A= Ayel] opyl SrellAf A uwl DL % 5
dol FyHe A winsle] olw dl4E 7}‘
71 w7 fEke] e ol Hw Akl 9 A

droEad oo Fed, 2 Auagne 1 x
el st Gk B 540l A HEAR o
i A 2AT) Fig 9 ¢F Fig 100 =%/ ma 7] f
5 8 RF e : & ] ek OH)J}
of o8 #AHH mde] Fubg ST 3

acA o eEEd o 4 HzolE Y A 74?
thejol o) A@ dolEl: 2 FEgwdd Al 2l
o, w3k 4 KHz ol4el 5t Tyl el At
A ol o Axprl AdHel @I thEe
Al VERGAL 9k B3, Fig. 9-B)9f Fig. 10-B)i- |1
A4 FA Fag QAo A Fur gy 54
Al wedFa gl 3714, e RSO
ool el Fupt St i e gh
G, Fig. 5ol WAl 43 ARk 3 A 4
Mol ¢ ol ostel =y & wkake] &
Fol Ay R, oF Wzt A} 9 O.EI
ehal dlZ¥vh Fig 11 & =3 W&o spzld 2
So &% v wEgLE T 5

noj ol gl

Laser Vibrometer

Optical Pickup | Unit

Control for

Tec OFV-512

v Signal Sensitvity
v LPF auto Freq

Signal Analyzer (B&K 2035)
v ¥ upto 25.6 KMz
73

Fig. 8 Schematic Diagram of Experimental Setup

Do V, (men¥) iy 0B

A} Focusing Direction Froq Responss (Exp vs Analytic)
T T

—r—

B) Focusing Direction Freq Asap in 50 Hz Reglon (Exp ve Analytic)

Freq (Hz)

Freq (Hz)

Fig. 9 Comparison of Experimental Data with

Analytical One (Focusing)



gulerakel ) A6 1 Mo

Table 3 Comparison of Experimental Data with the Manufacturer Specification (Focusing Direction)
Pickup Al #-9]A}o] AFY l AgldlolE (@b n/E %)
J Sensitivity
At 5Hz 0.8 mm/V + 3 dB (1.13 - 0.5663) 0.8740/ 0.0819/ 1.1115/ 0.6621 (mm/V)
At 200 Hz 40p M/V £2.5dB (56.5 - 28.316) 46.8/0.5326/ 47.9/ 452 (n M/V)
At 1kHz 1.51 M/V+25dB (2.118 - 1.062) 1.7/0.02771/ 1.8/ 1.62 (n M/V)

J Resonance Frequency and Peak

51+ 6 Hz/

Less thar 15 dB

49.31/0.86/ 50.5/ 48.0 (Hz)
10.87/0.19/11.20/ 10.45 (dB)

Table 4 Comparison of Experimental Data with the Manufacturer Specification (Tracking Direction)

Pickup

A28 ALe] ALOF

|

A dolE (/AN E /F &)

J Sensitivity

At 5Hz
At 200 Hz
At 1 kHz

0.6 mm/V = 3 dB (0.8475 — 0.4247)
311 M/V £2.5 dB (43.78 - 21.95)
1.1y M/V +2.5dB (1.5537 - 0.7787)

0.5592/0.0335/ 0.6179/ 0.458 (mm/V)
34.2/0.542/ 35.066/ 33.104 (1 M/V)
1.2706/ 0.0297/ 1.3158/ 1.1863 (1 M/V)

J Resonance Frequency and Peak

52+ 6 Hz/

Less than 15 dB

51.34/0.504/ 51.19/ 50.0 (Hz)
8.55/0.339/9.161/7.824 (dB)

A Tracking Dirsction Freq Responss (Exp vs Analytic)
T Ty T

Diapi ¥, (mmiV) in B

T

Freq (H2)

Fig. 10

B) Tracking Direction Freq Resp in 50 Hz Region (Exp vs Analytic)

Freq (Hz)

Comparison of Experimental Data with Analytical One (Tracking)
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