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Robust Design of Lens Actuator
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Abstract

The objective lens actuator of an optical disk system tilts by
varying amounts during operation because of non-uniform
component parts, non-uniform assembly, environmental vari-
ations, and other such noise factors. Since tilt of the objective
lens causes significant deterioration in the performance of the
optical disk system, the amount of tilt during operation must
be kept within specified limits. Conventional approaches to
this problem, such as tighter part tolerances and assembly
tolerances, lead to increased cost. A better approach is to de-
sign the actuator in full consideration of the variations that
may occur in the field, but the more noise factors there are to
consider, the longer it takes to work out the design. When
simulation and quality engineering are combined, a more effi-
cient design method can be obtained and a robust design in
which a large number of noise factors are taken into consider-
ation becomes possible. In the present robust design study,
the noise factors were assigned to an L,,; orthogonal array
and control factors were assigned to an Lss orthogonal array.
The resulting design improved the functionality of the lens
actuator with respect to variable factors in the field, and the
amount of tilt during operation was reduced.
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Fig. 1 Lens actuator system.
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Fig. 3 CAE model of actuator.
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Table 1 Zero-is-best response data format.

Control
factor Noise factor Tilt
No. Liss| Position |Rotx(’) |Roty(’)
Top 2.1633 2.8892
Bottom -2.1633 | —2.8892
Right 0.0012 | —-2.4706
Left : :
1 Top right
1 Top left
Bottom right
Bottom left
2 :
128 : -3.9972 | 8.1929
2 : H N H
36 : : -1.1234 | 17.8745

L5 S, =2.1633 +2.8892% +--- +8.1929”

=196968.1865 (fr=12048)

(2.1633+2.8892 +--- + 8.1929)’
2048
= 80956.8706 (fu=1)
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GV = ‘; — 56.6738

e
2=

e
e

SN%U:HIM&{;J:JI%@&

e

3 PUVF1I-YDHEEREER

v 2 H R % SN o SR & LK & e R 52 B R %
Fig. 4 IS8, HEEMEFFFA36.52 db 1 R U8 F2BRA] 15
233.50dbTH b, FHEMESLRL TS,

VYAT 7 F ax—=837 4—AAJFH, 7y 7%
MOENIMTZ L T30, 74 —ARAFHENT YT
JFENC R BRE) S ¥ B I3 2 NE OB S 3B H.
WICHEE MITT20, 74—ARAHFATHDLT 4 R
IZED T 720z (BUF, Top) DOFSREOA, ~ov 7
HTH 5T 4 A ZHEHISED T 7608 (BUF, Right) @
D B2 L CHERBRR ZER L 72, £, Zh
5 Z A A7 Top right (Bld 4 1) A7 D A D fE 5
% F o THRZD SRR 2 AR L 72,

Top fZiE D 7 — % JE\% Table 2 12, #54L% Fig. 5 12/~
T, TopMZEDADES, & 2 REFEEIE S Tw»
2 Ehbhdrd, £7-, Right 1D ADHEH (Fig.6) T
b ARICHBEEDRSE SN TWD, L2 LEDS, 2o

ZHAAE DY Top right i EDER (Fig. 7) TiE, H
R EPICEL L TR B 2 b3,

DLEDRER K Y, A HREN i FEEH © 13 i BE
5N 50, EE Az HAAbY 3 L HEEESS O NT
Wi\, Thbb, ZNZNOEE TR AER TS
ELTWEIEnPHINS,

FILFREZNZL LEWOTF L M EZREMEICE R
HHEMED SN Z R D 7223, T OFHliTETIZ ) £
A TELROI LS L ot MBI 2 S
T 5k, FHliFHEZ b0 RETHERH 5 2 &%
RRT R TH - 72,

() Optimum condition
/\Current condition
I

-10 i
. ?Q
3 o A
o N ®) o
5 12 ?ﬁ@ J;ék " % i gLy Aﬁ\.J i@'.qﬁ '@X Al
= -13 " *
@ J
@ _14 ]
-15
A B C D E F G H I J K L M
Control factor
(db)
Prediction|Confirmation
Current -9.11 -10.16
Optimum -2.59 -6.67
Gain 6.52 3.50

Fig. 4 Zero-is-best response result using all positions.

Table 2 Zero-is-best response data format.

Control
factor Noise factor Tilt
No. Li2s| Position |Rotx(’') |Roty(’)
1 Top 2.1633 2.8892
2 Top 2.3585 | —-8.5738
1 Top . .
128 Top
2 : Top
Top
36 : Top 0.8799 [ 1.8931
O Optimum condition
ACurrent condition
-6
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= &
a—10 i
- A B C D E F G H I J K L M
Control factor
(db)
Prediction|Confirmation
Current -7.93 -8.64
Optimum -4.08 -5.45
Gain 3.85 3.19

Fig.5 Zero-is-best response result of top position.
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z—direction amount of driven at
detection point displacement
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Table 3 Dynamic response data format.

Noise Signal M(Displacement z)

No- I Trrack] Point | 05 0 05 L
1 —0.50060 | -0.00021 | 0.50022 | 0.500411
2 : : : :
3
Left g
6
7
1 8
i !
Middle :
8
1
Right :
8
128 : : —0.49738 | 0.00270 | 0.50277 | 0.500076
2 H H H : H H :
36 : : : —0.49743 | 0.00141 | 0.50034 | 0.498886
Table 4 ANOVA.
Source f S V
sensitivity B 1 1535.999679
noise of position position X 8 7 :
noise of track track X f3 2
noise of Ly,g factorl N;X 3 1
noise of Ly factor127 Nyp; X B 1 :
residuals e 9079 0.094059 1.036E-05
total noise N’ 9215 0.094093 1.021E-05
total variation T 9216 |1536.093772
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Fig. 11 Result of first optimization.
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Fig. 12 Response graph of iterative optimization.
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Fig. 13 Result of iterative optimization.
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Fig. 14 Result of one-shot optimization.

5 EE

5.1 CAEIC&ZmERFHEDHER
SNHoUEICNT 2, WEHRMETH STV FEDOK
ENREHERT 2720, PIRBIFTEM: & K IR X D
@Zﬂfwﬁ%@®%wbg®\ﬁéﬁgwuﬁﬁo_
nNolE, Ly AHDEHIHEIZE T 5, Ligitss & 25K
u%(Sm//a/)@@&y%ﬁb@%»b;@ﬁﬁ
T TH 5,

WIS (B Cld HEEHEIH 2 A 2 85403 1
SN0, KEEEIC X 2ol (M) Ti3BKEhR

KONICA MINOLTA TECHNOLOGY REPORT VOL.8(2011) 127



DF N FEINE L, BARBEERTORHNTIZS 2
DD, HEGHEICFYICNE->TWwE, 2Ol EkD,
B ) e D B RFYERTAR + SR SR &k 2087 X — & ET T
HEDHBIEE BARINOR S 2 3 TE 72,

Tilt the initial current distribution conditions

Target range »| B Tan Tilt(Rotx)

M Rad Tilt(RotY)

Number of data

NI A 1 1 1 0

Tilt distribution of optimum conditions at last

Iterative calculations

600
Target range ‘

500 | [ Tan Tilt(RotX)
M Rad Tilt(RotY)

Number of data

-22-20-18-16-14-12-10-8 <6 -4 2 0 2 4 6 8 10 12 14 16 18 20 22
Tilt[']

Fig. 15 Frequency histogram of tilt angle.
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