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Shock Response Analysis of the Optical Disk Drive in consideration of Disk and Pick up
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ABSTRACT

Nowadays optical disc drives have become necessary. As the equipment is popular to use, competition of price and
rotating rate have been harder and harder. Shock response analysis for the optical disk drives is rarely studied. In this
paper, the optical disk drive has 5-DOF system and each motion is presented by using Lagrange Equation. As the
motion of the pick up lens is important to read and write data, it needs to consider the pickup and disk. The lumped
parameter model is compared with finite element model in order to make sure of the result. Results of the shock

response analysis from various shock inputs are gotten.
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Fig. 1 Solid Modeling of CD—ROM
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Table 1 Values of stiffness and damper

Ki IN/m] ks [N/m] ks [N/m]
Stiffnes
s 9440 4260 4260
Dampin | c1IN-s/m] c2[N-s/m] c3[N- s/m]
g 4.75 4,75 3.88

Table 2 Values of mass and moment of inertia

Mass 2 2
k] Ixx [kg+ m°] Iyy[kg: m°]
wo 1 0155 | 093x107* | 0.19x107
Disk
Disk 0.170 | 0.113x107° | 0.2199x107°
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Fig. 2 Free body diagram of 5—DOF system
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= Z(Bouncing)
MZ +k(Z +46,-1,6, - Z)+ ky(Z +1,6, + (I, +1)8, - Z,)

+h(Z-10,+1,6,-Z) -k, (Z~1,6,~1,6,-Z,)
~k(Z+1,0,-1,0,-2,)

+e(Z+10,-1,8,-Z2,)+c,(Z+16,+(, +1)8,~ Z,)
—e(Z-1,0,+1,6,-2)-c (Z~1,6,~1,6,-Z,)
—c(Z+16,~1,6,-72,)=0

q, =0 (Pitching) :

LG, + ki(Z+16,-18,- Z)+ kl(Z+1, + (I, +1)8,- Z )
~kl(Z-10,+1,6,-Z)+k ] (Z-18,-1,6,-Z,)

+h 1 (Z +16,-1,68,-2,)

+el(Z +16,~16, - Z)+ (2 +16, + (I, +1)8,~ Z,)
~el(Z-10,+16,- 2 ) +ci(Z-16,-16,-Z,)
+el(Z+16,-1,6,~2,)=0

g, =0,(Rolling) :

1,6, -kl (Z+186,
U, +1)6,-Z,)
+hl(Z-1,0,+1,6,~Z )+ k1,(Z - 16,
+hI(Z+16.-1,6,~2,)

~el(Z+16, -1,0, - Z )+, (I, + I XZ +10, +
(A, +1)8,-2,)

+el (Z-1,6,+1,6,-2,)+c 1 (Z-1,6,
+el (Z+16,-1,6,~2,)=0

—Iﬁy =Z )+ kU, +LXZ+16, +

-46,-2,)

-1,6,-2,)

q, =Z,(Pick up) :

mZ, +k(Z-16,-1,6,-2)+c,(Z-1,6,-1,8,-2,)=0
qs = Z,(Disk) :
m,Z, +k,(Z+16,

~1,0,-2,)+c(Z+16,-1,6,~2,)=0
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Table 3 Number of elements and nodes

Elements . Nodes
Shell63 1320
Solid45 3027 5535
Beam4 62
Combinl4 3
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Table 4 Comparing natural frequencies

FE Model{Hz) Lumped Model (Hz)
1* Mode 44.429 44.726
2" Mode 50.885 50.209
3" Mode 53.456 52.885
4™ Mode 85.701 89.198

Fig. 3 FE model with 4—wire actuator
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Fig. 5 FE model with disk

Table 5 Comparing natural frequencies

004

002}

Theta x
= lep‘ad Parareter Wodel FM Model Lumped )z
ezt f} 0 L (Hz) Model(Hz)
1% mode 42.870 43.419 Deck Bouncing
* 2" mode 47.343 46.469 Deck Rolling
3% mode 51.790 - Pick Up Tracking
o 001 G0z ©03 001 G0 006 007 008 008 0 4™ mode 52.390 52.326 Pick Up Focusing
Tineteec] 5% mode 74.039 80.2289 Deck Pitching
(b) Motion of bouncing and pitching " 6" mode 88.097 - Pick Up Rolling
Thetay 7" mode 123.079 - Disk (0.1)
) [1 ::;pjfra,;.mmw] 8™ mode 130.794 - Disk (0.1)
9™ mode 140.162 130.186 Disk (0.0)
10" mode | 150.096 - Disk (0.2)
11" mode 150.145 - Disk (0.2)
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Fig. 4 Comparing displacements between FE model
and lumped parameter model
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(c) Motion of disk and actuator under 60G
Fig. 6 Comparing displacements between lumped
parameter model and FE model under 60 G
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(b) Motion of bouncing and actuator
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(c) Motion of disk and actuator
Fig. 8 Displacement with various magnitudes
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