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Dynamic Characteristic Improvement

of the Plate Spring

in a 2-axis Small Sized Actuator
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Abstract

This paper proposed an optimal plate spring design for the optical image stabilizer in mobile phones. The voice-coil
motor (VCM) with plate spring is the smallest, lowest-cost solution for auto focus on the market today and it is also the
simplest to implement. The VCM s selected in this paper for auto focusing. However, the design process is complex
due to the many design variables coupled to each other and some constraints of each directional motion caused by the
characteristics of plate spring. Because of the complex formulation of the design objective, a plate spring design is
proposed through the design of experiments to find the optimal design satisfying design constraints.
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Table 1 Initial variables (unit : mm)

Total T 1st frequency to |1st frequency to
length | (thickness) |x-direction (Hz) |y-direction (Hz)
2.1 0.04 127.85 158.50
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Fig. 2 Models of the plate spring; (a) initial model, (b)
model 1, (c) model 2, and (d) model 3
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Design objective:
Minimize (Ist natural frequency)

Constraints:

I_1lower bound <li< I_lupper bound
I_2Iowerb0und <l2< I_Zupperbound
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Table 2 Bobbin size of the 2-axis actuator

Bobbin size
8.5x8.5 mm”

Bobbin mass
300 mg

Total spring length

2.1 mm

Total kength

Fig. 3 Definition of design variables

Table 3 Design variables (unit: mm)

Constraint
Total L1 L2 D T of 1st
length (height) | (thickness) | frequency
(Hz)
0.2 0.2
2.1 47 | 17 1.5~1.7 | 0.04~0.05 <60
Table 4 Experiment set up for ANOM
(Level:L,Size:s)
L1 L2 D T
No.|L| s |L| s |L| s |L| s | Result(Hz)
111 02)1] 02|1]15]1]0.05 157.16
2/1] 02]2]09]2]|16|1]0.05 145.11
3/1] 02]3] 17[3]|17]1]0.05 104.89
412109 |1] 02]1]15]1]0.05 173.96
5/2]095[2[09]2]|16|1]0.05 120.64
61209 (3] 17]3]|17]1]0.05 82.645
703 171 02]2]16|1]0.05 123.54
83| 17]2]09]3]|17]|1]0.05 85.631
93] 17|3] 17]1]15]|1]0.05 128.67
1011 02|1] 02]3[17]2[0.04] 97433
11]1] 02209 |1|15]2]004]| 95.002
1211] 02|3] 17]2[16]2[0.04] 69351
13/ 2]095|1] 02]2[16]2]0.04 108.48
141 2]095|2]095]3[17]2]0.04]| 80134
15/ 2|095|3] 17]1[15]2]0.04]| 56.819
16|13| 1.7|1] 02]3[17]2[0.04] 76.025
17 13| 17|12 ]095]1(15]2[0.04] 59.133
18 13| 17|13 ] 17]2[16]2]0.04] 79379
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Fig. 4 ANOM chart for; (a) L1, (b) L2, (c) D,and (d) T
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Table 5 Experiment set up for the RSM process
(Level : L, Size:s)

No L1 L2 D
L S L S L S Result(Hz)
1]-1]09|-1]09 |-1] 161 76.31
21 1] 17]-1]109 |-1] 161 56.473
3/ 1] 171 17]-1] 161 79.085
41 1] 17]-1]096]| 1 1.7 54.617
5/-1109 | 1| 17]|-1] 161 54.425
6/-1{09 | 1| 17| 1 1.7 52.743
71-11096]-1/09 | 1 1.7 73.881
8l 1| 17]1]175] 1 1.7 76.517
9|-k|[096| 0|133]| 0] 1.655 69.374
10| k| 1.7] 0]133] 0]1.655| 44.103
11 ] 0/133]-k|096| 0] 1.655 72.294
121 01133 ] k| 17| 0] 1655 78.489
13| 0]133] 0133 ]|-k| 161 56.258
14| 0]133] 0133 k 1.7 53.296
15| 0]133] 0|133]| 0]1.655| 54.744

§ = 54.2028 + 2.40041x, + 7.53513x, + 7.90863%;
+1.43820xC +B.04711x5 + 0.74322x5 + 528881,
0030131 + 5657381 - 35129 - 2.01650x5 (2)
~2.48975x;

(where x; = L1, x5 = L2, Xg = D)
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