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Improvement of dynamic characteristics of optical pick-up

actuator using ferrofluidic damper
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ABSTRACT

The suspension of the optical pickup actuator is damped by the presence of silicone
rubber damper bond at its termination. In spite of the presence of it, the actuator still
exhibits a strong mechanical resonance which affects its settling time and vibrational
characteristics. This resonance can cause errors in reading information from the disk,
particularly in high speed CD-ROM and DVD-ROM drives.

Ferrofluids are stable colloidal suspensions of sub-micron sized magnetic particles in a
carrier liquid. In the actuator design, ferrofluid is applied to the surface of the magnets
until the quantity is sufficient to maintain intimate contact with the bobbin/carrier
assembly. The fluid is retained in the magnetic field and its viscosity provides the
desired mechanical damping to the moving assembly, improving the actuators settling
time and vibrational characteristics . Access time is also improved, particularly on

warped or eccentric discs.
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Fig 1. Optical Pick-up Actuator
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Table 1. DC gain and AC gain as ferrofiuid

Focus Tracking
o - DC#ZE  (ACHE DC#E  |ACHZ=E
fr A AL

(mn/V) (em/V) (un/V) (V)
100G 500cp 101 311 0.79 24.1
200G 500cp 0.94 304 0.74 234
100G 1000cp 0.97 30.1 0.76 229
100G 2000cp 0.85 29.6 0.73 236
200G 2000cp 0.86 29.8 0.71 23.3
180G 4000cp 0.69 247 0.56 19.9]
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Fig 6. Damping ratio as a magnet & ferrofiuid
Table 2 . Damping ratio from egn 3

magnet thickness 1.8t 2.0t
amount of ferrofluid 70mg 20mg | 40mg | 70mg
damping ratio (averaged) 0.614{ 0543} 0.662| 0815
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Table 3. Characteristics of focusing direction

A B C D
Damper bond X X @) O
Ferrofluid X @) X O
Natural freq. 41 Hz 46 Hz 57 Hz 59 Hz
Q factor 2128 dB| 0.80 dB| 6.24 dB N/A
Res. freq. 41 Hz 32 Hz 56 Hz N/A
DCgain(@5Hz) 394 dB] 283 dB| 245dB| 141 dB
ACgain(@200Hz) | -229 dB| -234 dB| -220 dB| -226 dB
Damping ratio 0.023 0.625 0.08 N/A
2nd Res. -86.2 dB| -92.2 dB| -86.2 dB| -94.3 dB!
2nd res. freq. 26.7 kHz{ 255 kHz{ 267 kHz| 27.3 kHz

Table 4. Characteristics of tracking direction

A B C D
Damper bond X X O O
|Ferrofluid X O X O
Natural freq. 42 Hz 46 Hz 60 Hz 57 Hz
Q factor 2206 dB| 101 dB| 6.90 dB N/A
Res. freq. 42 Hz 33 Hz 59 Hz N/A
DCgain(@5Hz) 312 dB| 247 dB| 074 dB| 058 dB
ACgain(@200Hz) | -24.0 dB| -23.7 dB| -23.0 dB| ~23.7 dB
Damping ratio 0.023 0.495 0.072 N/A
2nd Res. -91.9 dB| -939 dB| -89.7 dB| -935 dB
2nd res. freg. 23.8 kHz| 23.8 kHz| 23.8 kHz| 23.8 kHz
2nd ph. margin -11262| -12913| -10837] -12063
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Figure 8. Bode plot of actuator
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Table 5. Damping ratio

ferro damper .. ino
ferroftuid .
+bond bond damping
From Q factor N/A 0.08 0625 0.023|
10Hz T 1.04] 0.57 0.56 0.02
From  [30Hz 0.71 0.30 054 0.04
phase 40Hz 0.65 0.25 0.57 0.03
diagram |50Hz 061 021 041 005
150Hz 0.45 0.08 0.43 0.05
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Table 6. Settling time in focusing direction

A B C D
Damper bond X X O O
Ferrofluid X O x O
Natural Frequency 41 Hzf 46 Hz| 57 Hz| 59 Hz
Damping ratio 0.023 0.625 0.08 N/A
Time constant 1.06 0.03 0.22 N/A
Settling time(296) 424 0.14 0.88 N/A
Settling time(5%) 3.18 0.10 0.66 N/A
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Table 7. Access time

Spl. {1/3 stroke Random Access [Full Stroke

No. | Pre | Post |Dev.| Pre | Post {Dev.| Pre | Post |Dev.
1 93 92| -1} 299 93|-206] N.A.| 187|N.A.
2 117 93] -24| 136 93] -43] 222| 188| -34
3 98 88| -10] 128 95! -33] 219| 192} -27
4 92 92 0 200f 117! -83| 196/ 182 14
5 111 96| -15| 256 94]-162] 435| 189{-246
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