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ABSTRACT

Unbalanced disks in rotation will lead to the main vibration of an optical disk

drive. Passive vibration absorbers are usually used in current optical disk drives to

suppress vibration. Generally, optical disk drives have to make a disk spin at multiple

speeds by different read/write conditions. However, the passive vibration absorber

only suppresses vibration at a specific rotating speed and may excite vibration at other

speeds. This study uses a linear quadratic Gaussian (LQG) to control VCM for active

vibration absorbers. Using active vibration absorbers to reduce disk drive vibration at

multiple rotating speed.
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1.1 ��

DVD-ROM ÐÑÄ���������53ñ����ß����ÐÃ
�&�N���ù'��!����������÷Vï�U�����R
�ß�:j}�~ABÐ��ÛÂ�v���3�}ÐÐÑ�&��÷�
�3�ÿ­�Õ SONY (Ò
��Blue-ray Disc�`aÕ��(Ò
��HD

DVD� ¡¢£��y¤¥��U¦§¨=©IH�����*��8ï3
���ÐÑ�¤¥ªR<«�¬­�®Þ Sony ¯°��o}Ð±
Ä��
�X­'[²³÷Y�´µ��¶j�ç·}Ð±
Ä�¸¹�Ãº"

�û�ÛÐÑØ��&­jï�ÐÑëì»�¼V�&½L½¾¿ÀÁ
ÐÑÂ��ÛÂÃ�� �ÐÑÄÅ½L½Æâ�ÐÑÄÇy$LÓÔÈÉ
����ÊTð�ëì���q8T½L½Bq�Ë��8±
ÐÑÄ£±
jÌÅ�ÐÑÍ5�ëì����£mÅTÎ5ÏÐ�ÑØ�\�����
coXÒ¢£1�ÐÑÄXÓÔÓÔ�ª1Tq8½L½Õ�"

1



Ö 1× ØP 2

1.2 ����

��ÙÚ� ¨���÷Û�����+ß'Ì<�ÜÝ�ßLå­Þ
Ôä�yÆã9³��¾¢ ¨����ßÂ%o¬ß����àáâã9
:ääå:�­Ù>æÓ9³ [8]��æ
ç�Â%o¬ß����àáè
;ãÔ�pääå:�yÆã9³��� [9]�À LQG �+ßéc5êëì
Ý�`��²Pí<ðvy��ßÂ%+ß LQG �ÅÆþ:àá RBF îï
�ðñ�ò�:���¼VÅÆ'�+ß [10]"

1.3 ���	
����

óÀÝÞ�ô(o�±
ÐÑÄÔÓÄÆn5õö��ß÷ø�ùóÀ
­��pä (Isolator) `aâãä (Absorber) Lå­Ò��ÔÓúû��ß÷
ü�å­ÔÓúû�ýþ5	Üÿ`!������þ5�x÷ø��ú(
`�o�ô3ñÓÔ�õöïo�Ó�9³"

�±
Í5ëì�����ÐÑÄð�	£��ÑØyîÍ5±
ò.
`Uy£��õöNOëì!±
�Ôó��
õö�Uyíîï�÷ü�
�Ó9³£�5�`|��"

`ÝÞXÒÒ�� DVD-ROM ÐÑÄLê��Ûo 4.7G � DVD ÐÑØ
Y�
`Ø�>�ýÌú��Tnå����ó@@±jÌÅ�ÐÑØ��
5n��`���<�(`�þ­�z{�£Ì<q��óÀå`�cÂ�
Û�ÐÑ±
�&�a��³��±jÌÅ�ÐÑÄ��Ë��¢£1Àà
XÒ���(`�����LNOÐÑÄæÓ�&���"

X���Ò�Ý�Î5¬ß���� (Voice Coil Motor) ì�D��âã
ä (Absorber)�ÆÒ
������¼õöÓÔ"

X��5!p�qÃÐ(áó�¬ßÃÐ(²÷jL����� (VCM)�
ì�D�ÐÑÄ �âãäL�yÒÔÆÓ�9³"



Ö 1× ØP 3

1.4 
���
����

ÐÑØ�ùÜ����Õxdp���£e!ðÜ­ÐÑØ'�ÕÛ"
:e#$%�<&��'£$%�ÕÛ��ÐËÑØ�£ÙÚÛ"

ÐÑÄ�£��(!±
Í5ëì �ÑØ�£ÙÚÛ�ûòïÖ×�
ðÜ­Ç��¢íÓÔ��ñ¢í�ÓÔ�õö�ð��£�×ò��£�
õö�ÓÔ�)	p�qÃÐ(��&*+ [11] �	j�ÑØ£ÙÚÛÜ­
�ÓÔ��õW<=?<=�q)�ñÓÔ5�ÐÑÄÖ×�õö�ªÛ­
<���=�ªÛ W,���53'ûõeO`aÐÑÄ���iãõ
ö� / 1.1�À�ñ!ÐÑÄÒ
��Ö×�õö�­<Î5���3>
��Ò���-.�W/"

� 1.1:������	
��
���

X���ß�5p�q¦ù������çè�ÐÑÄ�ÐÄ��
(Mecha) '�åUsÔ���� ¬ß����XÓ�0��ú�y!÷ø
1�âãä ��9³�32sÔ�����Ç�'�����ð��!$
1 3�145�3ñõöï�$1Ü­�ÓÔÛ��ÅÆþ:'���ß
ùúý>ûüÅÆþ: (LQG)L�yÐÑÄ��¼×òs�
6×òï�Ò
ÔÆã�Ý�"



Ö 1× ØP 4

7ß������Õ�5Õx�����8s9Ã��:�`��­£
��ÿ&;
EèxÐÑÄ�ì�âãä�¬ßù�£�<!�y=å�@
Ô�1Û�yÆÓ�Ý�"

ÅÆþ:�ßùúý>ûüÅÆþ:��Õ5Õx6789: (Kalman

filtering) �þ:��÷Vj3>?@e?��P�ÀÁý@�ÔeO�ú5
ÝÞ�@�ß�lAäK3�àáùúý>��6 (LQR)ÅÆþ:L�yæ
Ó�9³"

1.5 ����

XPQ�	�<ËÍÂ×B�<��ï�

��� ��� �CWz{DE/z{���m�F���F�W\G�
þ:NOÿ`�êB���Î5PQ�	"

��� ������	
�� (VCM)
�� CWp�qÃÐ(�Æ
�����`a�>��(�ß�ÐÑÄÙ>F���F�,-���
:�Oú�CS��"

��� ����� LQG��
�� CWX�����m�/��þ:
HÇ��	Ffg�,-"

��� ����� �X×��fg,-�����`a²³no���
��J�KLH��ÁMN!�;²³�I@"

��� �������� ��J×��vj�>���÷Û�ý�þ�
P�`avjK�L;N�Mþ���,-ÝÞ�`+ß÷V�NO"



���

���
�� !"# (VCM)

�X×�����,-�D��ÐÑÄUñí<�óß`aX>���
ß� VCM 	Ü���,-ß����ì�âãä�þ:!ÕÇ�"#8y
Ç��&-'¡()á"

2.1 ��	��

ÐÑÄk3Ð/Ä/Ã�?áÇ���#�ÐÑÄ¢íPQ�Ð%Ç
�/H�Ãñna¾Æ�ÄR	Ü"ÐÑÄÄ	S����TU!VW�X
YZ·Ð%ëì»/Ò
��aÐÑØH�5ÐÑÄ��X�	"?��Ä
	�­'�`[\<­ÐÄ�� (Mecha)aZ·Ä	 (Loader)�Õx�>��
£ð]^yZ·Ä	(`�3í<Î_\£,-"

ÐÑÄ`�oý_aÓÇ�/ûb.²	��ac$�ÍXÓ$× �
�KãÔ��ÊÐÑÄëìz{�úÍd����X��Î5CWÝÞ�ß
�D�aÓÇ�d`;_"

2.1.1 ��*+ (Macha)

/ 2.1Ë3ñXYÐÑÄ�Z[/�=�¤) Machaí<Î5ÐÄ���
À Mass 5âãä (Absorber) '�eÛ��`Õ/ 2.2Mass <\)�/fg�
� WVè"

5



Ö 2× ÐÑÄÇ�!���� (VCM) 6

� 2.1:��������

� 2.2: Mass�����



Ö 2× ÐÑÄÇ�!���� (VCM) 7

2.1.2 ,-���./01

ëìçè'�Ð%ëì»��ÑØûòÖ×� hNO¼V!ëìz{
�Ôó�ÀÒ
��Î5�ÑØûòÖ×�Ô1Li"

Õx��ûòÓÔðÜ­ë¯çè�jÔ�(`�NO��� h��
ð�Ä>�ë¯çè`øâ�¼k��=£ð�Ël>�� m�£��V
è(`Ü­��²³�£�"

2.1.3 ���234501

Õ/ 2.1�`fgÐÑÄ�ë¯çè4F���ÐÄ��'�(`ÐÄ
����nÛo*p¼�32ÓÔqÂ�ð4F�Êë¯çèpó��³�
5Ü­ë¯çèëì£yz{Í5±
���±
yrsVèÜ­z{rs
�ÐÑØ"(`XYÐÑÄ�Ät�¼o!ÐÄ��K¡ðdR3ñàÔ�
�Óçèuv4ä (Isolator)��ñ�ÓçèD�'�ß÷ø���ñ÷ø�
ÕÄRlþwL åx3ñxy�zoD{$LÓÔªÛ�óß�|�`¬
ß�ñ�ú�y�ªÛD{y}$3ñ~Ø (Mass) '�� Mass ãÔL-9
ªÛ"

}$3ñàÔ��Óçèuâãä (Absorber) T53ñI÷ød'3ñ
oÕÛ�~Ø (Mass)�=Ý�5��ÑÄÓÔ �oí<ªÛD{y Mass-
9�\ÑÄ��'�ë¯çèÇyÓÔ��Ê�,"

2.2 ���� (VCM)��

XsB�fg,-X>��ß������²	/����Û`apó
m�"

2.2.1 ����6789

����póm��/ 2.3()��3ñù�ERÄÒ��åù�'Ã
�þ^!ÄÒþ^�4�f!ÄÒ�4í<�ù��Çy^'¶1�¶1þ
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^Õ��B��¼éG¼�Çy¶1Âs��ÄÒ�Ã�Âs�'ÄÒ�b
.�Õ ( 2.1) G¼ù�Ç1Âs!þ^"

~F = N · l ·~i⊗ ~B (2.1)

=� ~F ()¶1 ;

N Ëù�<! ;

l Ë
ù!ÄÒ�4�j. ;

~iË�4Á�ÄÒ�Ã� ;

~B ËÄÒ"

� 2.3:������� �

2.2.2 :��;<3����=>�?@AB

X>���ß������/ 2.4()�À/ 2.55�������/�
Ë�\êþ����ß/ 2.4\ê�����5Õ�ñí<	­�=� A í
<��ñ~.5�����'ï��B í<5�ñ���C í<�~.¢o
Ä~��3ñÄÒ�D í<53ñî�p����.��¡�où��ù�
!ÄÒþ^ÙO�ù�Á�: �)	 2.2.1 sB(�������ð'ï
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$Ô�jÔ ù�à C �.�k(` C �.!ù��ð3�«� B ~�'
ïjÔ�Ë��� C �.�' A í<�~.�(`d'� B í±���'
d'������Ç�"

� 2.4:����!"�

� 2.5:����#$�
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Ë�������UÁÃ� hT�`�yàÔáâãä�Dª���
���'`��ÛmLàÔáâãä�ÄR�ú� ¨��þ:�` �r
st%j�PQ ”Design of an Adaptive Dynamic Absorber to Reduce Optical Disk

Drives Vibration at Multiple Rotating Speeds” [1]"

2.2.3 ����*C��D

� 2.6: VCM%&'()����

/ 2.6�f�5ÝÞ���ß VCM ì�âãä�íÿ���ñÇ�'�
����âãä�.��'`ñ VCMì�âãä�å VCMsÔ �ð�Æ
Mecha '�ÓÔ�X>��£��Ç��Ö×!�Ô�Û/��Jx�4þ
^'ÓÔ�ÅÆ"


