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Dynamics Design of a Two-dimensional Objective Lens Actuator
with In-plane Suspensions for CD-ROM Drives

Shozo SAEGUSA, Seiichi KATOH,
Hiroshi SAITOH and Akira IKUMA

We developed a lens actuator suitable for high- speed seek and thin type CD-ROM drives. The
actuator is supported by 4 suspensions which are put in order in a plane and radiated to outer fixed
ends arroud the center pin. Each suspension has a flexible part that adjusts the lowest main natural
frequencies in the auto focus and tracking direction. The main natural frequencies are determined
taking into consideration for controllability. Dynamics design of the actuator at the frequency
around 1 kHz is important for keeping the servo system stable. We investigated the phase delay
phenomina at the frequency in our prototype actuator. The phenomina are modeled by a vibration
system which consists of a contact stiffness between lens holder and center pin and the moment of
inertia of the actuator. The normalized imbalance of the actuator is to be within 29, to achieve the
stable condition in auto focus servo system.

Key Words: CD ROM Drive. Actuator, Suspension, Frequency Response Function, Vibration,
Experimental Modal Analysis, Contact, Linear Balance, Servo System
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Table 1 Target specification for 2 D actuator
[tem Target
Pick up height : Hs Hye < 12.8 nnm
Seek accerelation : a . a. > 12.0 n's?
Lowest natural foar o 20 Hz
frequency : f o forx < 40 Hz
Elastic resonence f aar = 15 klz
: furr = 15 kHz

AF:auto focus direction
TR:tracking direction

Intermediate spring

Terminal spring / N Solder
B M—J[m\%#m/
/ - -
z ge W

. \
X Moving part "~ Fixed end
2\

I Auto-focus (AF) direction

Objective lens ﬁ Center pin

V-groo
_ V-groove

y
Tracking (TR) direction

Focusing coil <Y

p Ballance weight
Tracking coil

Fig.1 Configuration of a two-dimensional
objective lens actuator with in-plane
suspensions
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Fig. 2 Configuration of in plane suspensions and
main natural frequencies
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Table 2 Suspension and lowest natural frequencies
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material phosphoric
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-rdia/.i bf elemernt 0.13 mm
‘ suspensiénﬂwlrénrélhw llr.5 mm
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7dia. ”gf Wintcrrim;(vii"‘.; t;emgprii'ng 1 20;11m
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Fig.3 Comparison of strain energy distribution
of suspensions

— 216 —

TWwWaZehbnsd, a6, WHERKRLE7 7 Fa2x
—IWEEHR, YAy 3 COFAMITERNICV
W(V-groove) # 6L, # 2oy Varviigxs®T
ABEEB LT,

3. (IHEBENIRR & € DEER

VHF Y ARy a vy HRIE, bR BrERSE
MORETHEEINLIIC RS0, 2 OIRESN &
BYNWCEE T 2LB8HL, KERZIOEHL-T
SIEEZ SO NEREFHH L, £ DERH
EZHrEHAT S,

31 PO2Faz—45BENRIRE AF HREC
RET ZAHELN O REBEEAI 2K 4 1R T. KX
W AF BN R U C AF HREER 2508 L 7- BRIk
SEMB(FRF) Th 5, (IHIZa> 7747 > Ath#g
D—180"% 0°& LTHRL T W3, UTFIChiHE&n &
ORY B & & I OBREME L 0 AR ELA S 2
ExVH, B4i2id 1. 8kHz fiHEBN R H B, 2D
IfHY — 7 BB oOMERE € — i, FERE— N
HCE D, Vo XD ETFEBI Yy F 7 TH 5,

¥/, ZOGMHBAEM I, HBREGFOMI L ER
WKEoTERIELTEY, Msiczo—Flz25iY, K5
B77Fax—5074—HANEIBEEZ-HE
(AF-offset), FRF SR OR 1) % £ 2 1238 (Ex-

°
.20 F
P L 200
& o
E —
g ® e
3 0 o g
2
-100 | 1-100 Q@
-120 W-zoo
-140 T
-160 i " 1 PR | 1
0.01 0.05 0.1 05 1 5 10 50
Frequency (kHz) (AF dir.)

Fig.4 FRF in a prototype actuator
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Fig.5 Phase-delay characteristics under
two experimental conditions
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Fig. 6 Surface profile of sleeve in
lens holder
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Table 3 Estimation of contact stiffness
(unit : MN/m)

Side Ba. (1) Bq.(2)
! (a)lens side 0.15 1 0.18 I
CoL LI T IR . ;
I (b)BY side I 0.02 "t 0.05
ii CenE\rpln \§\
(a) Lens side (b) Ballance weight side

Evaluation model of contact stiffness
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Fig. 7 Frequency characteristics of phase-delay peak
with contact stiffness model
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Fig. 8 Vibration model in 2 degrees of freedom
considering contact stiffness
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