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ABSTRACT

The track pull-in behavior analysis in an optical disk drive (ODD) using plane phase and the
evaluations for effecting parameters of it are discussed. Track pull-in, track capture procedure to do
frack following control, is a key factor to increase data transfer rate. First, the relative velocity
between the beam spot of an optical pick-up and the target track of an optical disk is analyzed
during the track pull-in procedure. In this process, it is showed that the track error signal has
nonlinear characteristics which are depending on the time. Second, Runge-Kutta method to solve the
nonlinear equation is applied to find the track pull-in behavior, and some optimal parameters to get
stable and fast pull-in condition are obtained. Then. the phase plane analysis for track pull-in
procedure is presented. Finally, some comments for the simulated results are discussed briefly.

disk) oA DVD(digital versatile disk)®¢ & 1
.M 8 27 AA 2 tA23 24 HD-DVD(high density

3

DVD) u BD(blu-ray disk) ¢ Z&& o|z3 2

AR A 71712M9 F il SaolHe 23 oA A & ik

Hole dgie] g2z Aeld & ok £ 18 4 VIE B3 2E% geny 59 24ES

7

1<}
Fel 3 vaA g2 vYe] Zd(format)el Widt RS o, LY F R 24F 50}"4 7} 8t

B 2 dFEsH: ARE vk mebA, CD(compact () F "239 A &9 Z7k9) (i) HAHA

+

B oo =R a0t FANGUI Srgmerer 2 I U VA S Sdosm dstd WAE

AAAAL 939, AAN S ek} AR ALT AR E A

JReltk I A CD
E-mail : mithra@ yonsei.ac.kr Aol i A

3 ES EN
Tel 1 (02) 2123-4677, Fax : (02) 365-8460 B H di&o] 52ul&og 11986 rpmol o2,
Axlelsts HEAA7]7] ALAE (CISD) DVD Age A2 w& g 16ME22 9,600 rpm
- 43)gl, AMdistE AHA%7]7) ATAE(CISD) of ol2g o oj4e &% =it o e HoE 9

TIVOAT

gl Aol(seek control) S E3F ©AY ]7} gZo
Al

]

g9 F tjxa =g

A9 = Oaae) AE 2 28 24, I2T 940 o

rok

RA2A S35 =22/4 157 A 13, 20054/29



A9 a3

g B2]3 &abo] e tlame) gAY uy she
Y 58 38 Aok wkN B ¥ dod
A45E9] FHE 98t FFo)x wE 74 Ao
o] FO8Ao] e tLt FAHY Y= APtk

g4 Aole MAE Hste BL Hdd AFE
AgEgon hEoR vy I A= &
A% AZL 9% S zTadde 44" Bx
oz A&s Hl(access) S st g E
& A (count) 3 AP VA Aof(direct seek
control),” 12]3 Hold FAE ol&¥ EY T
e ARA?Y 2o Ao
AP b} ok Ty 24 AojollA EY FF A
o)(track following control) 29 23t 2% EY Fo

E

hi bl

(track pull-in) A%

E<(frack pull-in)ol thet 3 Yo} EH Fol
S99 9g3kg mAE Aevg Fol Ui A4 4
iz nEstgr)

cool tigt AFE Suzuki
58l 3 tA3 EY Fojg
ﬂ'“]ﬂe A7 GelA Brher L Getreuer

& PLL(phase locked loop) ] 70 :3_ TYste A
B (phase plane)ollA 7vadst 2349] 3 A3 MBE
23o) thsld EY ZoEdL e u o
a8Y o]E AFdA AAl A2"oA EY EoE
A EHF AlZ(tracking error signal: TES) TES
7b Azl meEl F717F Wske BAY dsee RE
e @RV AA F i Aels]
Hjsle] o)dsld RFdS °]%°}°1 YE 2 AgE
Hagozn HANo| Aosol gt

EY BolEYA TESZE Azt we} 3717} W3}
Ay dzge AE g2 delA g A

]

rlo

|

7

¢

2
2o
£

AL

9
IS
>
)
o
>
I
i~
i N S

‘EJE}. a8y ¢
5

P,IL
rir
=
rx
oftt
—
¢3!
w
o,
lul
ﬁ
rulj
h 2
it
2 1%
2,
ot £

¢
o)

A7t T?‘EE‘ v oy E¥ ZojEYd
oA getvlEe] thig FA A FIHE A
%’%E}-.(l(])

71e} 932 A MEG B
¢ WEo] s PLLY EEH%' 4%
7} A HAAR D Fag dE H9t 3 o
EY FAIEYA EAs= TESY F34 dHF
o "7 wg Fow EY Fogdel 7Hed
gool F tid EY FolEYde A4 2
g2 ererhs oA gol7t Ak (EY Zo
o] 7h58 TES® A9L Fig.5 3x) 71el PLLY
Aol 38 Fopd A7 £dlo| dok AT i
o] Hl&= EY ZAEYdHE Fur WE & F A
e WA A5 77 el B zolrt Atk

weha o] =RAAME @A ABEHAD 7S
Hebsle] ulAE TESe| uist Ex Fo £9
PLL/IE S =48t 914 B o]&atod sf4],
7b SHtE WA HA g TESY 4% #AE
FHog FAsL, EY BAEUS P o
E3 EdY A SE7F Az me} old ¥E
A& M AsA A8 Asidoh AL
Fg Yo R, EY FojgEde] 7Hd Al &£k
2 HAo EY MR on YA g AEHO]
Runge-Kutta *H& )83t 43 3t i
4.2 124914 DVD-ROM Ee|BZ CD-ROM
g 0MECE AT 7HYst AT AlEEe
9] AL Fo|y] dstd, APH R FHE vF
A3l o)l (fine actuator)®] 2d % HA F iz

of

XN o

ol
-

rR
4
HE
O
o
S,
>

k3
2o dg |y
w2 9 fol frofu A4 N

o

T g 2
e oE (> = Jf dle

pis

o o
2 e DU

Fast response, narrow working distance

x(£) Position of the lens
—

+x1(t)

AY
Slow response, wide working distance

Fig.1 Schematic diagram of the tracking servo loop

/8RS MsS3EE=E8/A 154 A 13, 2005



S A o] &3t 3} vlAd BEd FolEYY B3 4 2 Fg Ak #Ht
setolHel e Aoi7] Fir HAE Wk EY Zojgdo]l otk EY FolEo] oA
gt A4S sl A2l gast JernE, of
2. & Oane Effd ME, B AE ApgHE 38N Fated 7] Aesigith
chekeh Qo] EAFe| e ety AlAY Y Su} 3. & rCja=e ozt EM
£ 45 8iM: MRAL Bdo §8402 9
& Al7lstejol ot tiazie] £ WMo g X 3.1 & 023 eake 74
T B Mg 9d gdsh ARG EfF AEg A9 388 7|2F 5FJOZ dh= F faa
sh, ztzhel g AW F "Aze Fitel @ EelolHe gkt £8ld 54& rHRE d2ad

u:E

gb oEabA Fioh =9 TESHH: o H& % A A st o i, Fﬂrﬂ‘r’ﬂ t2z=9) gkl gk A
of wet G WA Hed, 7t} Ua3el AYPT 7} BegH, of £ =
‘% izl TES A& wilah zhzte) &8 23 3 Urh

- Table 1o Adlatich & #91& taze] gw e %31110 %]"ﬂ utel 7)A 2/ 35/ 77

ﬁokf?.i A FAS HFshr AEE B AE A 5oz /Y 4 9oH, dFoelHd o3
(seek servo)eh b, AW vlg A oolBlet o A7sfof & 71?1]/?‘—‘1 gEe oA ARHoR 25
g AlFololEl(coarse actuator) o} 2¢ FHE 74 &9 #3K(deviation), F4 (eccentricity) 1311 #
ok g Aol MuAe] A FAAE Fig lol  Z4(unbalance) 22 A2d 4 Qioh od7]A Hae
Al s}, gAde] Aral wrake] 9jgt ARG HAL #HS b

o il
ully o geello)Elir T o F( bandWidth)"] Wod  ske) 9jghg JeEly 9Eae A4y 7:3‘7*"1] -/]0}04
25 W$l(moving distance) 7t 5 50l A ¥ wAsE ek gtk 18y 44

’O
@
Q.
=
o
Y]
=
S
=4

W, 2 AFelelEls tei¥el Ry 4% WAL pook)olME 27 71E wiEMe] BV 737
B Aol Ak wEbM W SHol A7EE B gly gid, A4 3 tAd SalolH: thakdt &
@ FE Aol g AqFoolEir ol&siH, @ wox gAsA "ok meld gAze Ease &
Aotz zg AFololH i ARE-Eht, A wEe mE ok FAA/AFH BAH9 o

918} ¥ (random access) R BT B Aol o wz W] wat otz W S& JulEA

(long distance seek)i: sz A5 B AE & oslo o]2 Aoj7] 2x AAd) ukg o}t RAE Eg
o}7] §lste] Zg fFololEis} ulF AFOlHE  golz kA Aoy HAS s WSHo|nh
Agste] ARGl gt o] W 2% HRdojH e

uol#] Fiz DSPel WAE o] iz Agel wat A4 3.2 Hal MEo] MF 9t
¥l @23 (loop-up table) it o]&sted, £ A A HWAe gooz A FA t]AAY 7)38H
o] it dliz Aol <ltF ol ¥ AojA] EAA A
B3t oon FEIR AFael, Haf HY AN mF oo 2220 AXOXEX AV Mode, Test DVD Disk
o F=of] o 2] %H_’r %1%01 ok Hn WgHEA =% MdB(aswlzﬁ: " ‘ :
reo el o) $4S sg-sw G (S |
o B dolE] Aol FHE kA A g ol
E W0}
Table 1 TES method, TES tolerance and TES soT
shape: CD-OM vs. DVD-ROM EOdB('
R X Servo tolerance A0}
TES method & TES shape 'MF- : »
. . 0.1 #m » o T o
CD-ROM 3 Beam method Sine wave Freq }F—IZ] 0
~ Differential push pull 0.022 pm Fig. 2 Regulation disturbance vs. real disturbance
DVD-ROM . . . .
method Saw wave values:® in tracking direction

SR AZRNSIESE =28/A 158 A 13, 20054/31



G e AN s d ey

—

FAlel BUAo 7T A¥o| 7P AN, o]
295 RE 23 A9 AE 127 EY A
Aol WE

O,

5 98 HelA & F Ak LDV (laser

doppler vibrometer) 9 22 H|HE AW AZ|7E

AqT{E SHY F A AL U g, EYY

ko] ol AES YAl st W] & A

o3t} LDVE 01%% e 540 U xg
fatz]

mm %l°l°ﬂ *ZH gxd ®9 4 AZE 53 9
FAZ ° oY FaEIA ?%E}. EPEW ol oA
98 13

3 des ez
2 Eef7 B3 odS
238 4 s o) Zd B3® v g’
Mol o) o FHFH #
A 150gmE 7HAE HAE DVD-ROM UtlA=A
(Abex inc)E o|&3te] Eaf7) wuske] &g 24
st oTe] AEXE HAFT
Aol A Bolstel B 4 UEo] WA Wae] 9
o g2z A W% 2719 HEe 137 gy
g 4Ee 2t Audels, o2 Aoy T=
AN ZE3] kg stedof gk

41 E3 Bojsel SH 24

= 37 e % M) 2
BRE £ AT () A7) 94 Aol (25 %7l
T AFEBAL ZF AFoolE|%} U5 9|
olElel AFae A, (i) 2AY AR (%
AraolEee NEad EUe HeEeln o5

ru 4)1'

™
™
™~

TRACK PULL-IN

ko @ 9 1
o |r wn
Rv) eie)
T o) to

°

{m
Ei)
ml
|&

o

ox e

(n
CUNTIT
of [y
o o
:2 ox
4Nt

5
3
2
r £
oxl
Iu
2
=)
T
{1

] rla og‘-ﬁ,
dg
el i ?\Hr

K
E 1:u

frt

14sd BY BoEd e

¥ EYS

dxE A H}‘]_L 0}'7'1]

= T-eek + T;m +T,

pull—in

HE QPOE shish) Ed B
EZog o|Fse 2% HI)
o4 EY FoiEY Eol

EY 2ol HE AFoolee] 1F
z

i)

ol 17

WoENE F4 Ju7t 4299 Q
& 3 H9187, 2R EAL Q)

7l Av &
"oy 24 A

Fig. 3o A A] o}c“‘:‘r

'E' }\]71_]_' Tace&st 2] ‘—‘7’}' 7]'0]
ol }\1 j‘seek‘\: “I—ﬁ- E‘QOE o]E
= A7 Twe 37 A3 A HES 7gels
7 o

Ed Zolgqd] Fals A7

(1

Toutt—in ] X}'Z]O}'L' H]XO 7_(]—

A, EY Tolsgel PRHLE o|FoiNA 2o
=]

=83 e

o, EY Folgd F&E Bol I
4

(random access)®ll o] ©&H

B Aat EY ZolEds dstdol dth wetAd E
g FolEd2 A 24 Aol A F

e 2471 g

A He 49 #4

Z238A Huk

42 E8 ZBolSlo| ui2tolE
EY Fosdd 9%E vAE ArEHZE ()

AME thY(servo bandwidth),

margin),

97, (iv) 28 Egszt ¥ 2X9] A 2% o)
E}()G) _‘4. E]/\ﬂ_,] z.ﬂqn; U]T;]O%_,] zz (
T DVD) % gl uwhet Aoj7] FLE HHs)

////////

(i) 94 o+(phase

(i) B8 EdogHE E7 ME on

==  mw

> Position

Z
» —
* Bear .
@ -
Coarse seek Latency Track following  Track jump  Track following

 residual vibration & ( read address )

track eccentricity

‘ target address

Fig.3 Beam trajectory during seeking mode

32/8 R 2 Z RSB =28/A 158 A 135, 20059

rir m 3o



4 HES o] & 4 taz EY Folsge T3 a4 2 94 <zt Bt
o F3x Aeoj7] t2E 7HEd weld EY Jo] 7 UiEFelth &7 EdF ME on AlEE 2 1
GYA AHEEE AoVl EY FE Ao 3w B MEIF AESE Aol ol B AR
FEg HA EY ZoEYe F%S vXe 2 B AEdd EY ZoEYE & S ole FUde ¢
7Hse getvlEe () Ed7 MR on 4%1 a8y 3th Fig 62 S&£EE 3t 423 o8 A A3

(i) B3 Edst ¥ 23 A £:2 dRd0h
ol #Ae] &ulE oslE fsiAM TESS W A%
g2 ste] i dAE dA A& A 2t 9
o Fig 42 EAL MBS A7) A ti
A9 HAd wE W Axo Edd i A A2
o33 3len, Fig 5+ CDAIE S tlx4d TESH

& byl 39 (3 beam method) ol X 3 2F9] ¢
Ao} B B Ay $Ad o TE34 HAE
HoZoh meha] g4 Aoja] ¥ AFo] EYE ot
e AT EY Ul 89 dvig 179 JE94E
As g Uem Fdde] FUE Bl EYS o
St W ¥ 258 FAY Q)

Gral AojA] F7bHQ AME A5 ARG HEH, E
g A4 215(COUT) 9 Eefzd M X on 413 (MIRR)

Rotation
Center

Disk Center

Trajectory

Fig. 4 Relative beam
tracks:

trajectory to the

spot
track servo off condition

side beams

.........»—-

Servo on area
- Y4 t rack~ +%4 track

Fig.5 Beam spot position vs. and TES (3-beams
method)

& Ho37 9t
ol o 2 q]% A =7} 7‘411 ’z}EH°ﬂ*1 EY F
5%] Ez}o]

=

o]

Vrell_ -] 9]' 7]'01 1’4}\:—:1'."] W ot ll‘i/]\:]
e T Xyu, 1T EY FAEY AFH 19
s wHH

f( rot’Xdis’t)

rel

(2)

=X

Ede ZAdM W AFE AAE LA
HoHzae] Ao Qs gdo] wAEY, o2
st Fig. 73 22 TES7F ZA&Hth o714 F9
dof & H2 fxa9 WfF AF=2 Y
w2}, TESS] AAbet H3x EdY FAY BA7} ¥

.
T

g}steh= Fojtt
EY TogYd AAHL TESY + AAE #7H &
= -~ BA F7el g £ o), ¢9wtdo g TES -
AAL F7He o] &3l B4 8k (negative feedback) 4
HE Aojd= Aol dutholty Ty 2%9] AR
HE 7FA= DVD-ROM Y Z2Hol|A opposite track
2_1 ms Data signal
g.58 Vv
L r c rr rsxg
é.lsaau 1( %
B | Trask opnt signal "
2By | LG 3
H—— Trackin servo on signal
1oms N v "2 A Signal

Fig.6 Various servo signals during seek motion

=E2E/A 154 A 1%, 2005%1/33



@4 e vyl

path 7I"8E A4 A 1% Zéi‘i"‘ﬂ]*i
Ho g #oJol(layer) HZE T Fd,
A7kl mE} 2)Fol A Ud?‘

23t RueRz, o H TESe| + 278 A8
shaA ohju og) Aze] WA Fof ALg,

5.1 PLL 0|29 E8 Bolsg9 28

EZ FEYY F2A EF oY 2ZE A
Al ZE tho]Q T (photo diode: PD)E EF3H of
g AEEE 94 B R JpYSEE, EY ZojEQ
< PLLY &% ZA$2 A7% 4 9tk CD-ROM
o] E ozfe AT E e(t)zt 3H, EY T
9 AR EF g AIZE e 2o B
a 7h53t

EI_,

e(HVolt]= Asin{z—”(Xd(t)—X(t))} (3)
q

q714 Ae oY AFY Z7), &= EY 743
(track pitch), XA XxX(1)E Ztzr T2z 2REH
WS e A7) 2 W A% A& Y
o 123 EY 744 g CD-ROMS A% 164m

From inner to oute

From outerto inner

o e R BANZE 2 52 AN A
&3] PLLS Al5E YW Fid WE 4E
& Ao wael, F trde Ak fxde B
Yol B2 T S W sl A5 Frpg
wEe] 2 5Ao] Uk E@ DA () WA
9%, (i) AFAN WFZ 2ot Wl e &
47 ME on 99, 3 Ed7 BSY 715 delo]
ABETH dol PH AFE WA PLLI o2
Holth

52 S|4 WHE 0|88 EY TBolSY Al
ol
_"94 ﬂ°15%]*1 *}ﬂﬂ“

T‘:— /“74]3111 5@ E"i Fe (i)%‘
track) <ANA EHF MEE on 3= YA,
I 99 (i) Ex Edy 9 ’\E«] &7t

E} o] AFES 22149 HHel A4 HHoew ¥
i, EY Tl EUA FF Asel W FEH
ol 7} I ER & w=RoAME o] Wy

2 wm Ke 4As -

*lgell"lmﬂ 24 94 BS ol8F EUy B
AEY AN flsted, A2dY wEEt Bese
2 thes} 2 A sHgsgon, Agdoa 2
el A FTedol AZAA ARY NE 3

sof disk run-out J

es ]
}}*‘\W‘M‘\H!;"MH‘&}M il |
( |il p

Nermatized TES
& o -
-

FRATT

il
UW‘

LYY

N

Tirne 139:)

trackung servo on

Fig_7 Disk run-out vs. detected TES (tracking servo off condition)

/RS ESIetE =

2E/A 154 Al 13, 2005



J4 WY olgw F UA EY BolEUe) 4 A 2 4 QA

37k

o

o) uliE Fael EHOE FHSHAR Y west
& A% e Best 7

() WA SIS 9 e AR EASL =
oz B EANA Rtk

(i) Ed Zol5Yol 43HOE o|FRE W, &

Ef7 ARy} ATRor AE3gL u W Axs
3 Egae] AL 091 A

WA Y SolEYL $As) MR Asd
AA A3 (open loop) L(s) SA4L AgslA zet
g gdeyt uh 3 gad AAHeY fRzE 4
()8 o] ¥EY & dong 7 24d Bfd A}
% 27 gelersct
L(s)= K”p, -C(s) Ky - P(S)
,,p, [Volt/mm]: optical gain
C(s) [Volt/Volt] : controller
Kycy [Volt/Volt]: drive IC gain
P(s) [mm/Volt]: optical pick-up

714 B8 Ad Kope
Aol 4= glon, ZgolH IC AU Kyvend 74
A (specification sheet)$F #Qlsted olf: F3xof whed
0}93\1:]'. A=A K,,,,,L]— Kupt*t‘ 1‘7?‘”}’ EHQO]] HH}’C‘ =
HM(fast pole) & 7= AT 3 HE(low pass
filter) o] ¥44& Ho|A|uh Aol o] H)sle g
8 F2- o] FHE VHANERE B =@dAE AT
2 7HEskoh

A3 ungg_ 55«].01

G,, (s) in Tracking Direction(mm/Volt)

TTTIT T
s { --- Modeled
Measured

[=]

o
a

--------

Magnitude [dB]

Q
o

10’ 107 10° 10*

Frequency [Hz]

Phase [degres]

10 10 16° 10
Frequency [Hz]

Fig. 8 Frequency response of the
tracking direction

optical pick-up:

HE dFoolEle] g F¢ P(s)T #F I
TAMZRE A9 g dold F o, Hejr]
H ®iFd W F54 #Fol ddzer a8g 4
FHe WHE Y Ik FF A3 47
(dynamic signal analyzer) HP35670A% o}&3}4
AFsell A XFoE Y A JHEE F Yo o
Zbetx, 2 9 # g9 & vFEE 49 AFY)
ol LDVZ ASsle 49 dolE& dof Ul &
A" Ag dolelg 4 A (curve fitting) & E3t
o A (5)¢% 2L A9 e fEstEed, 1 4
#& Fig. 8o AIAISHATh

0.6
3.4e-11s> + 7.61e-6s> + 0.002825 s + 1

P(s)=

npxjEte 2 Aoj7)9] FEAE W
golde] ey FEE -‘?4}01
tia Zake|He) Ao}y F#2E
th AHEE A= HEY —?Lii
fi 2 1764 kHzolH, 245 432 FA ] Utk 40
vi4:2] CD-ROM EE}V‘ Fxo MB f(servo
bandwidth)< 4kHz. ©|5 &-(gain margin)= 12
dB I3 42°9] $14 o/E 7HHTh

A HHE o83t EY HojEY AlEH oA
Ao 2estE 98 HAL Ya3 HdFgs O
Aol A £75 um(CD-ROM FA<A A vl ol
HAWE d&#e) 70 umell 5¢m F7h 9 @Y F5
& g w2 7EAE AR ST 40M&5 9 3)
7 rpm 9920 rpmol B2 9] gh 2] (6) 2 o] HE
ok

d(t) = 75sin(27 x153.71) (6)

4 (6)F o] 75peme] BHFE 7N M8
AF g2z Ho HEANMN TS Fg 79 AW
A 293 22 AFE J2A ok o) 0 FxE
230 BA&sle= TESE Fig. 79 F H4 193 7%
ot ojdf M7} 7hee dH, & MIRR 2137t high
ol 9oL ty2agt W AE9] ’bhiﬁ gl wek get
AA Aok H2A37t dFeA 52 vz wis TES
o 71€717 -4 Wl ME7L 7Fed g Hod, Q)]
A WFEZ 5oj& wl TESY 71€77h + of MR
7} 7¥ss 9o |,

rok

S22 ERSE =22/ 157 A 15

. 2005%1/35



SRR T

ok &

ERETE L
aa——

CD-ROM¢9 E#d Z(pitch)°] 1.6 pmo]EZ MK}
7F5% MIRR 77+ o) g3ted ¥ %3} Edze) 4
Y $EE $4F02 dojd 4 itk MIRR] high
Q) Aol tgHE Bl MYt 1/2 £, 5, 08
pmol ALHEE, 247He) MIRRS) A7 1442 A%
stel ) 2F% EY 29 ) £E Vit doink
Yzazt WA 9% £= 93N WFR 3
MBY ) £ACE Vet 00] HA, o] W A
87} B8 @ 9ol AT + Utk webA
TESS -7 7242 71222 Foizl 224 4
S5 AN Fig 9] A7E AN,

o IYelH AgE HEF Age T.=UAZ
fe AzRY AFY FAFQ 1T64kH HP
o TESS 4A 45t Wy®es TESY -7
Qo) H Smol wWFel YA TAH MYoE
AESe, TR AE 58 Fho S AN
Atk 77 WY AE £2 ANSE Hagol 103
Holgiol 170122 ¥ ~¥% Ed9) Al x| ¥
9= Thed o] dojAnt,

[e]

X

8.3176 [mm/sec] Vya < 141.1 [mm/sec] (7)

Nomal TES

Ts Number at 176.4kHz

Fig. 9 Relative velocity : tracking servo off condition

A &5t 7P =4 uis e Afo] o] Fof
A HE T AME on Y02, AHA A o
2} Vo] e 3o ®iFol AL F Utk Foy =
oA EY FojEYoe] 7t ANEE V.9 A
43 EY BoEUAY FA A% dWMAS K3
Runge-Kutta ¥9& &8t 32 AMRO9S
7HE A2l te AEdold AHE YYEEL
2 F¥s4 Fig 103 72t

Fig. 109] AelA & 4= AxRo], A A 7HA
LA EAL AT YAF oS EYo)
oA HFAEAYE Pt Eatr A EY
12]= #4)(track slipping) & EdS & 4 9
Edo|M EY FAEY T30 A
o2 ok 2T A G99 &4
o 9Jgk 2w s(over shoot) &
o, o] i QB o] x1/4 E
£ TES9 FAo] wHEg TESHE
AHS3A] ¥ETd E

. O sy $A4

B
E
v

=3

b g

I

’

o
=8
rﬂ_&ﬂ%o

g W g

fﬁkﬁbﬁl

32, of

lo

tH R ooz ot & Qo Ju i
oft
ﬁ()L
Ao
e
S

2 o

initial v elocity[mm/sec]

track

1 L

0 05 1 15 2 25 3 35 4 45 5

2 L ' L .

Time [100mSec]
(b)

Fig.10 Track pull-in behavior: (a) phase plane,
(b) time domain

Table 2 Various simulation parameter results: in track pull-in procedure

Model Bandwidth Gain margip/phase Optimal trac}«:i'ng Servo Maximgm _allowable relgtive
margin on position velocity in track pull-in
Paper model 4kHz 12dB —1/8 target track before 12 mm/sec
Suzuki model 3kHz Not specified —1/8 target track before 10 mm/sec
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