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The Parameter Estimation of the Three-phase DC Brushless Motor

Student : Tien-Wei Kao Advisor : Dr. Shir-Kuan Lin
Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

There are eleven pins connecting to the motor driver in three-phase direct current

brushless motor(DCBM). The proposed method in pin identification categorizes these

eleven pins into three groups. The first group contains three pins of the three-phase

coil . The second group contains two pins of the three-phase hall sensor source. The

third group contains six pins of the three-phase hall sensor signal. A testing voltage

can be supply to any one of the eleven pins. Because of the difference in the connection

relationship of eleven pins, the eleven pins will be divided into two sets, three-phase coil

and three-phase hall sensor. Next, any two of the eight pins of three-phase hall sensor

are connecting to two testing voltages. The measured voltage signals of other pins

are different according to distinctive testing condition, so two pins of the three-phase

hall sensor source can be verified. Finally, the outputs of three-phase hall sensors can

be verified from the signals of three-phase back electromotive forces when the DCBM

rotates by manual.

The torsion constant(or called the reaction EMF constant) in DCBM relates to

value of the torque, rotational speed that can be operated, and the performance of the

motor. Therefore, the motor designer or user concern about this constant very much. If

this constant can be measured in advance, the motor designer can take it as reference

when designing motors. The proposed method in measuring torsion constant uses

driver IC(BA6849) and AD/DA card to measure the constant. By the characteristic of

DCBM rotating in single-phase mode, the torsion constant can be measured correctly

and efficiently.
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As the respect of manufacturing DCBM, measuring the values of resistance and

inductance of three-phase coil is also an important test. After winding the coils on

the iron of DCBM, the impedance of three-phase coil should match with each other.

Hence, the linearity and controllability of DCBM will be better. The proposed method

in measuring the impedance of three-phase coil use LCR METER to finish the test.

Supplying a DC bias to the measuring AC current to the three-phase coil, then DCBM

will be locked in the same position. As a result, measuring the impedance of three-

phase coil can be more accurate.
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1.1 ����

��bÜJ� ñ¡L�¢£�¤,¥ÕÖ�¦§����<�´É
þ\ÕÖ�¡���P¡%¨©�ª�Ð:ÑÒÓÔÕÖ (Three-phase DC

Brushless Motor) �ì��â«¬�B´ÃÄú�­ì®����«¯ÅL¥
�°���±²³ÂF´³Â���µ�Â�:�Ák¡p�óýhÕÖ4
5¶��¶�ÕÖ�´ÙÚS�ý·:h�â¸¹�¸dýhÕÖ�3ú�
F_�Ð:ÑÒÓÔÕÖÚa�bÜ�c(d�º»�î
�ÙÚ����
�ëÕÖ�'�$ÃÄÕÖ���

]¼½¾²³ÂÕÖ¿×Ìp¤FÌ�¤$ÌØ¤�ýh�]�ÙÚ�
À%$Á�AÌØ¤ÙÚ�²³Â�ÛÜÝ:Þ�!"ÕÖ�
�³Â�¦
�Ã�%ß)Ä�ÕÖú���bÅ�Ã�ÕÖ:C@�Æ�ÇÈ�ÉÕÖ
|ø�ÊË���âpÌ$<ë�ÍÎ�â¸�ë)ÄÏ�ÕÖ3ú�;Ð
Ç)�ÇÈÕÖ�ÑØ¤ÙÚ�ÑØ¤ÙÚ$×ýh�ÏZ���Ò?ÙÓ
ÕÖ�ÙÚ�×��?ÕÖÔÕ$%éê�ëÝÖ×�;ÐÕÖ;Ó(î¹

��B­;Ó(�ë�¦�'���±��FÁÒF��¹���

1
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ÛÜ½¾�²³Â��ßÕÖÝ��;^0ýÈÞÕÖ÷�ÙÚ�S
��Fßà?��á(�ë���§ÇÕÖî
�ÙÚ���ÇÈÚa��
�ßî
�ÙÚ��ÙAbÅ�ÛÜÝM�ë���â�«âÕÖú��C
)��á(?ãä×:;å�^ø�B­ij¸ØæbÜÕÖÚa�c�(
d���P�áç)ÄÏÕÖ�^ø�ÕÖ�ÌØ¤ÙÚ×÷býh�ÏZ
S��ÙÚø�Áûü;:è�-.ØlbÜ<ëÚa�6m��ß²³Â
ÕÖ�ÌØ¤ÙÚ���ºc���;�áç)ÄÏ�ÕÖ^��ß²³Â
ÕÖÙMÂgÃë��é�@�î
�ÙÚS��]¼®×Ø¬89êëÕ
ÖÚa�bÜ�c [4]�

«9É_Aâ¸ÈÞ²³ÂÕÖ�ÌØ¤ÙÚS��������45
ÕÖÙÚýhÁæ�� AD/DA /	�Áæñò�-.bì!"�Á���
ßñò	�0"í���ßÕÖÙÚî
�45S��

��¹� Kt ��AÐ:ÑÒÓÔÕÖ«â�ú�F��<þ����
�Å������ýÌ%ÕÖ!"#$%´?�#$¸¹��î�(�)�
�ë����â!"ÕÖÃÄÝ$*+ÕÖ�',�B­×ïå
�$�ë
8±ðÎ
�eë��¹� [1][2][3]�

«9É?��Ð:ÑÒÓÔÕÖ�1:�
�[m��3ú�ß��¹
� Kt ��ñ"
�"í���-. AD/DA/�ÃÄFÛÜ IC(BA6849)��
Á�����VW�Wò"í�����¹� Kt�

ÕÖ�Ð:äå8ð:=^�ÕÖ�äú>?@A�B­ÃÄ?C@D
E�F�����ëÕÖ�Ð:äå8ð��âÕÖ<ë�GH�TUÀ¹
?�óô�kë�(��ëÕÖ�û9�ßà4�õö�ñDE÷øAÕ
Ö�ÑÙ?� LCR METER �ë�ª��Bâ�kùÜ¡���ìÁÜ��
?Ç�ë¯°Óá�

«9_��ëÐ:ÑÒÓÔÕÖ�û9^���IpJ� LCR METER�
_`Øö×ØÑÒMæ�¿Òú�ÁÒ4ÕÖäå8ð�ÕÖ�ké�ó�
ûS�awM��-. GPIB Àñ/�	�´Áû�Á�ü�Wò­6(C
TU�6(��ñ���
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1.2 ����

]¼®×Ø¬89 [4] êë±ð<ëÕÖÚa�´ü�âº
n1o¦�ëÁû�ßÕÖ�ÚaáªÐã�ç��ë 11× 11 ð�Áû�Ó
(©¤bÜJ�ñ:;ýä^øè
n2o¦���á6(ßéê�ëÝîïñòÙÚ�ðcî
�þãè
n3o¦À�1:ÁÒ¨�<ë�éê�ëÝîïñòÙÚ�ÿú�

«9_�Øl�¸Úa<ë6m�´®�âº
n1oÀ�ØÑÒÁíîÿö 11 ¤ÙÚ�ôØÙÚ�é�á���ãºßÐ
:äåÁæÙÚ�´µ�¤éêÙÚ�á���
n2oßÑÒÁíîïÿÙö´µ�¤ÙÚ�ô��¤��ºc�éê�ë
Ý�`ìÁíîïÿ��¤Úa�
n3o��ô�î7
�^�ë��ÚaÁæ�ßéê�ëÝ��×ñòÙ
Ú��:P�¯°âréâhð�éê�ëÝ�îïñòÙÚ�
n4o��hð�éê�ëÝ�îïñòÙÚ:��Ç������Gr¿
�����î
�ßÐðéê�ëÝ�îïñòÙÚ~)�

TU�ë��¹��6m [1] ±�����­6(�ü�âº
n1o¦�×�Ø��ÛÜÇUè
n2o"���>�ëÝè
n3o�ëÕÖ¦����ÕÖ)�ÞÙ�:;�ý6�è

«89��Øl�c6m�	H',9± [8]�´®�×º
n1oý¦�K
ØÉ��ÕÖè
n2oý¦óSÕÖ
��>è
n3oý�¡�Sk�Á¦��¡��k�é��ì<ëè
n4oÉøý¦�×���ÕÖ)�����

Ø �ëÕÖÁû�Á�^�â§�ë"Î�À¹ßà4�õö�?Õ
Ö�kûS�hØ�awM��
�k�Ü¡���ëáÊèÒ?ÑÙ?�
LCR METER ��ëÕÖ�Áû�Á��´���¿ÒNOÁÒ??ÕÖ�
k�Ü�ó¡��ìÁÜ��ÿ?5ª�ë¯°�Óá�
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«89_�Øl�ë6m�	H',9± [8]�Á�-. LCR METER_
`Øö×ÑÒMæ�¿ÒÁÒ�´Mæ��?ÕÖ�ký��Ü�­^�ë
ÕÖÁû�Á���ë¯°?@TU6m��ñ"
�

1.3 �	
�

«¬89�çáâÎÙ�´ÉØØÙß�¨
��67èØ�ÙßXY
«VW�¦�A�:�È�èØÐÙß�¨���c6(èØpÙßXYV
WÇU.VW¯°èØÍÙßXYßZ8ì�AV�¡p��ièØÎÙß
ÃØ��ë8��¯�

«89VW�áâÎ<Ù��á�±��

��� ��
�)
����ÜÂ�ì�¨�

��� ���	
�
�¨ÕÖ�qLW5�QÜEZ���V�^��AÃÄ/�Í«_
��

��� 
��������
)«89�°��Z8��VW6(����f��XY�

��� ���������
XYÇUV����0jz´�Á���ª°�

��� ������
ß«9�_��Z8ì�A¡p��i��­_�Ø�Í«�_���
��c�ÒÆ�

� � ��!"#$%
ßë8«ÇU|���_�h�¡p�i���67�NO�



���

��� !"

â¸?�#)«89�VW×¡���¸d��­ß)ÕÖ�¯WFÛ
Ü6m��Ø�:�EZ��È��Í«�XY���#� !¸d|��
Z8f��VÃ�6(�

2.1 �
����

«89�ë8�ÕÖâË"Ì�ÿ�Ð:ÑÒÓÔÕÖ�Ë"âqLS
k×Ë�"èÌ�ÿâKL�kçÌ�ÿ�±t 2.1 �KL�kâ#$O7
�Wª�B­ÑØÿ�%�v>â 30 >Âuv�qLSkõäå&87�
�Wª�äå&86mâ Y Ù�ácâ aFbFc Ð:äå�8ð�ä6mâ
Ðäm�ó7��'�äå÷% 5>Âuv�"�"É��ø(â 40>Âu
vè­KÕÖSkM×Ð�éê�ëÝ���)ë�k.Sk�:)aw�
0*�ñò4ÛÜÝ�Æ­ÛÜÝ���+ÁÒ�67�¡�Øî7��
��ÕÖ¨�î¹
��

=,�Ð:ÑÒÓÔÕÖâ¸V-.\J��/ÁJ�0×¶I��Ó
�ë\�Ð:ÑÒÓÔÕÖ�1ö×�ëÝ�Ð:ÑÒÓÔÕÖ�Ó�ë\
�Ð:ÑÒÓÔÕÖ�äå8ð�ä6m<$âpäm�B­ÕÖÐ:äå
�É�ä;ßà×Ø�ä���)ëSkäåM��ìÁÜ��ÖA�:�
]��S�ÁÒÒ7É�:�67âî7�±t 2.2�

5
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� 2.1:������	�

� 2.2:��
��
������a��
���b��
�
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óÕÖ÷rs�É2934S�±�t 2.3�

� 2.3:�������

2.2 �
����

ÕÖ��kâ#$O7�Wª�â¸?ÕÖ�k�5hØ67n�^6
$7^6o
���qL�SkM8äå�ÆõK¥���ÁÒ5ªSkO
8��+��ó¡�����fÜ�k�qLSk�O8ßàG9�kaw
ó�+�À�SkMäåÁÒ¡�O8��ÆõO8�¿:���?ÕÖ

��

Á�v�Âuv���º

Ë"Ì�ÿ�ÕÖ�O8;�M�Ñ<aØð NS ÿnÂuv 60 >o�
©ªØ�O8nÁ8o=>�FÈÂuv 60 >:;öOúnÁ�ov 360

>�Á�v /Âuv =ÕÖÿ� /2�±t 2.4�
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� 2.4:����� �!"#$�

S�ÕÖ�k�Sk�xyaw±t 2.5 � θr = 0o �?6â�k� N-S

¿¥ä�ÕÖSk a :�É�ä���aw�­aw (θr = 0o) â���×ë
8�GH�

� 2.5:���	�%&#$'(��θr = 0o�
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Í«@mº

Ù��XYÍ«@m�0ÈA�¨BÄSdâº

F = I · L×B = N I · L×B (2.1)

FâC�
IS�âÒaäå�ÁÒ
LS�âäåMÔO8�ì�×'1>
BS�âOÀ�>
NS�âÒ!D�

óÕÖ�����ÁÒ���mâº

T = F · r = N I · L×B · r = Kt I (2.2)

rS�â�E
Kt S�â��¹�

OÀ�> B � θrFθs ×�º

B = B(θr, θs) = Bmax sin[P (θr − θs)/2] (2.3)

P â�kM#$O7�Oÿ�
θr â�kM)SkÉ��v>Ê
θs âSkMFØ�)SkÉ��v>Ê

	Hmn 2.2oFmn 2.3o��ÇÈÕÖ���¹� Kt ?���k�Ü
óªú�+J�

Kt = N Bmax L r cos(P θr/2) (2.4)
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t 2.6â;ÕÖ
�^�ác� a�b�cÐ�Sk�aw���A1: Kt

��Á�v�Âuv+J���t�tM Kt �<þ01aJ�õt 2.40È
Á�v / Âuv = 6���Á�vG¸ 360 >�ÂuvÁG¸ 60 >�;H%
�ÕÖÁ�¸ 60>�

� 2.6: ) a*b*c�+	��#$,-� Kt ./

ÕÖÛÜ6mº

ÕÖ�ÛÜ6m�áâG9Ð:äå�À�6mýh�áâÁæÛÜI
ÁÒÛÜ�l�ó¹��ÁæÛÜ[m���áâ���lº

�1� 120>6�ÁæÛÜ

Ð:äåÉ�ô��À�:��Ø:â����±ºÀ ac �:�
ÁÒõ a :ÒA c :�­^ b :â�����­^��¹��zâ
Kt = Kta −Ktc ≡ Kt(a→c)�t 2.7â a�b�cÐ:Skäåô�À�:ÁÒ
�J���Kt ��Á�v+J���t�
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� 2.7: 0(1�!� Kt ./

õmn 2.4o�È�(�?ÕÖ�����â�<ü�Kt ßàK!�<
ü�� 120 >6�ÁæÛÜ�[m��Æõt 2.7 ��ÇAÁÒ���
Á�vaw±� 2.1�

2 2.1: 1203�.�456��789:;2

�� �ÀÁÒ67 Á�v
Ø a → c [ 0, 60 ]

� b → c [ 60, 120 ]

Ð b → a [ 120, 180 ]

p c → a [ 180, 240 ]

Í c → b [ 240, 300 ]

Î a → b [ 300, 360 ]

ÁÒ��� 0, 60, 120, 180, 240, 300, 360



Ø 2Ù Í«È�XY 12

	HÕÖ���Á�vaw�+L­^���<��ÀÁÒ67�
��?ÕÖ��<��
���±ºÕÖaöÁ�v [ 0, 60 ] |ø
nθr = [ 0, 60 ]o�­^+L�ÀÁÒâ a Ò:A c :�ÕÖé��<
��
��)9t 2.7 �� 2.1��M�ÕÖ
� 360 Á�vn60 >Âu
vo���{�±t 2.8�

� 2.8: 1203�.�456��<=.

�2� 180>6�ÁæÛÜ

Ð:äåÉ�Ð:%â�À���×�l[mºÁÒõØ:äå
Ò7´µ�:äåè$%ÁÒõ´µ�:äåÒ7N��Ø:ä
å��±ºÁÒõ a :Ò7 bFc �:�­^��¹��zâ Kt =

Kta− (Ktb +Ktc) ≡ Kt(a→b,c)�èóÁÒõ aFb�:Ò7 c:���¹��
zâ Kt = (Kta + Ktb) −Ktc ≡ Kt(a,b→c)�t 2.9â a�b�c Ð:Skäå%
�À�J���Kt ��Á�v+J���t�
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� 2.9:�!>?1� Kt ./

hZ� 180 >6�ÁæÛÜ�[m��Æõt 2.9 ��ÇAÁÒ���
Á�vaw±� 2.2�

2 2.2: 1803�.�456��789:;2

�� �ÀÁÒ67 Á�v
Ø a → b,c [ -30, 30 ]

� a,b → c [ 30, 90 ]

Ð b → a,c [ 90, 150 ]

p b,c → a [ 150, 210 ]

Í c → a,b [ 210, 270 ]

Î a,c → b [ 270, 330 ]

ÁÒ��� -30, 30, 90, 150, 210, 270, 330
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	HÕÖ���Á�vaw�+L­^���<��ÀÁÒ67���
?ÕÖ��<��
��)9t 2.9 �� 2.2��M�ÕÖ
� 360 Á�
vn60>Âuvo���{�±t 2.10�

� 2.10: 1803�.�456��<=.

ÇÈÁÒ�����â¸��O;�^Â¡�M�ÛÜ����-.Õ
ÖSkM�éê�ëÝÇÈO8�+J��)ëÕÖ�k�Sk�:)a
w�éê�ëÝ��éê'ì��ëOÀ�>|<þ0�|¡�:)ì+J
|Áæü�0È;�kOP�Ü^�)hØawóQ´��ì|OÀ�>ß
�|�+J���éê�ëÝawýh�´¡�|�ëñò���¹�|�
�ß?�|öRýh|:aÊ�­:aÊ�Swéê�ëÝF$%!"ÛÜ
Á�^ßàT�,��6�U�éê�ëÝ�ñò�ÛÜÁ��:�ÇAO
;�ÛÜÁñ��:�ü��_����öS�éê�ëÝñò���ÛÜ
ñò|:)���ÛÜÕÖ^�À¹°�ÐÉéê�ëÝ¡�Ððéê�ë
Ýñò��_`Ð:ñò�:?��
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0ÈÐ:Áæñò:Êâ 120 >Á�v�)Ì�ÿ�kóQ�Âuvâ
20>�ªV� 120>�öG¼ 240>nÂuv 40>o�F)Ì�ÿ��kó
Q�Ø Swéê�ëÝ���:øÂuv 20 >$ 40 >Wå�Ë"Ì�ÿ
�ÕÖ�Ñ"�XÂuvâ 40 >�â,YSwéê�ëÝö"Zø@â6
��Fÿ�éê�ëÝ:øÂuv 40 >�ë8�~�t 2.11 ��k�Sk
xyawS��SwÐÉéê�ëÝ�ÐÉéê�ëÝ:)öÐ:Skäå
���±t 2.11�

� 2.11: �!@ABCD��!	��!"#$

õMt�fÇÐ:éê��ñò Ho
aFHo

b . Ho
c ±t 2.12 �z� Ho

a ≡

H+
a −H−aFHo

b ≡ H+
b −H

−
b ó Ho

c ≡ H+
c −H−c õöÐÉéê�ëÝ´awù­

:Ê 40>Âuv�FÐ�éê��ñòÿâ:Ê 120>ÁÝv�ú��

ßéê��ñò[áâ HighFLow �lÎa�dÐ:éê��ñò�
HFL ��Îa�z�:)ö^�+Jáczâ H1FH2 . H3�ÿM4ö
t 2.12É�

)9� 2.1�i- H3−H1FH1−H2. H2−H3�ñò� 120>6�Áæ
ÛÜ^� a:Fb:. c:�Îa^�t:h�F��Z�ÇA 120>ÛÜ�
�:�ü�±� 2.3�



Ø 2Ù Í«È�XY 16

� 2.12: @ABCDEF�GH�120356�

2 2.3: 1203�.�456E9!IJ2

Ð:Áæ éê��ñò
�� �ÀÁÒ67 a: b: c : H3−H1 H1−H2 H2−H3

Ø a → c High Open Low H M L

� b → c Open High Low M H L

Ð b → a Low High Open L H M

p c → a Low Open High L M H

Í c → b Open Low High M L H

Î a → b High Low Open H L M

Ð:éê��ñò��:�ÇA Ho
c −Ho

aFHo
a −Ho

b . Ho
b −Ho

c�ß­Ð
�ñò[áâ HighFLow �lÎa�´:)ö^�+J� HFL ��Îaz
â H4FH5. H6�±t 2.13�
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)9� 2.2�i- H4FH5. H6�ñò� 180>6�ÁæÛÜ^� a:F
b :. c :�Îa^�t:h�F��Z�ÇA 180 >ÛÜ��:�ü�±
� 2.4�

� 2.13: @ABCDEF�GH�180356�

2 2.4: 1803�.�456E9!IJ2

Ð:Áæ éê��ñò
�� �ÀÁÒ67 a: b: c : H4 H5 H6

Ø a → b,c High Low Low H L L

� a,b → c High High Low H H L

Ð b → a,c Low High Low L H L

p b,c → a Low High High L H H

Í c → a,b Low Low High L L H

Î a,c → b High Low High H L H
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	HM��� 2.3�� 2.4��éê��ñò��âÛÜÝ���GH�
��ÕÖ� 120>$ 180>ÛÜ[m�
��¦&�� 2.3�� 2.4�\|�:
|�ü�]6)t 2.11Ééê�ëÝ�awóÇ�	Héê�ëÝaw�ý
h��N¾��:�ü�;?ýh�^öÁæ$ÁÒÛÜ�´Êè®�öÛ
ÜÁ�4�6m|ýh�dý���c�

2.3 �
�����

â¸���Ù��¨ÕÖ�3ú��C@DE���­�\�ÕÖ�_
`6Æm�±��m :
Vas

Vbs

Vcs


=


R 0 0

0 R 0

0 0 R




ia

ib

ic


+


Ls −M −M

−M Ls −M

−M −M Ls





dia
dt

dib
dt

dic
dt


+

2ωrKe

P


cos(θr)

cos(θr − 2π
3 )

cos(θr + 2π
3 )


(2.5)

mn 2.5oâÕÖ�Á�6Æm�a�õbcdeÁæSff�ó��
mÉ Vas�Vbs�. Vcs ácâÕÖ� a�b�c Ð:�:Áæ�R âÕÖ�:Á
û� ia�ib�. ic ácâÕÖ� a�b�cÐ:�:ÁÒ� Lp âÕÖ�:b��
M âÕÖ:ø�:��ωr âÕÖ��� (�Á�v�| )� Ke âÕÖÁæ¹
��P âÕÖ#Oÿ� θr âÕÖ�k�vag ( �Á�v�| )�ó÷:Á
Òb:h�Ò�Éú� s�67S�âîÁÒ (',t 2.2)�óÕÖ�Âu6
Æm±�m�z :

Te = Kt[(ia − ib
2 −

ic
2 ) cos(θr) +

√
3

2 (ib − ic) sin(θr)]

= 2J
P
dωr
dt

+ 2Bm
P ωr + TL

(2.6)

mn 2.6oa�õijkÜSff�ó��mÉ Kt âÕÖ���¹��
Te âÕÖ������ J âÕÖl��Bm âÕÖ�ûm���TL âïn�
� m.k.s.Ä��Ke = Kt�



Ø 2Ù Í«È�XY 19

2.4 NI PCI-6052E AD/DA�����

«VW�?�� PCI-6052E AD/DA / ( t 2.14 ) %õoI½²pÝqr
×s@t��¡� AD/DA/�î%Ø���>��'u�å_��PCIX6
�ãC����/�ñ_` Visual C++�vmw`?�#xy�

� 2.14: PCI-6052E AD/DAK

PCI-6052E _`Ø�KÙm�Ùä}��Ùänt 2.15 o��ß AD/DA

/��×ñòKÙAVW����öVW^�ë��ó�Ù}M0×z�t
ß�×ÀÞ\���¨Ñ�ÀÞ�_��?��

� 2.15: PCI-6052E�L
MN�L
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´z{±�º
ØFãC�� :

1.��ãC��è
2.���¡�|u��AÖ 333kS/sè
3.dç> 16bitsè
4.��}~��× -10V 10V�0V 10V�;��b���Áæ�M�sè
5.��û9º0.1���

�FãC�� :

1.ÌÎ�ÀÞ�ãC��è
2.���¡�|u��AÖ 333kS/sè
3.dç> 16bitsè
4.��}~��× -10V 10V�0V 10Vè
5.��û9º100G��è
6.Ðl�i[m�

ÐF�a���� :

1.���Æm�b��a����h�
pF"^Ý :

1.�ð�M����"^Ýè
2.qL_`�ÍÎ|uº20MHz. 100kHzè
3.KL�������ÍÎ|uº20MHZ�

ÍFãC�i :

1.dç>º12bitsè
2.��ÃÄî�$ï��iè
3.|�º700kHzè
4.û9º10K���

ÎFÇUh�X6 :

1.�h^ÃÄå� ADDA/�

PCI-6052E _`¸ïå}�Æm�?�#xy�;�?�à�vm¼�
ßà�ß nidaq.h �� nidaqex.h à���PAÆm�6�±­¨��?�
PCI-6052E�_`�vmw���XYÍ«¹�A�vm��º
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ØFxy!S :

��ßà�b AD/DA//òºdeviceNumber = 1�

�FãC�� :

AI Configure��º
!SãC���ÀÞFÿú.',Áæü�
AO VWrite��º
�bì�vmqL!S����Áæü�­Áæüßà�/���}~q�

ÐFãC�� :

AI Configure��º
!SãC���ÀÞ�F��[mFÁæü}~.ÿú��ßà���yã
C��|¼�b©��
DAQ Rate��º
	H/�Í«|u�!SãC�����|u�Í«|u�
SCAN Setup��º
ãC��Ü�xyJ�!S�?��ÀÞ��ÀÞò�����ü�
SCAN Start��º
åÀÞãC��xyJ�	H�¼!S���|u�!S�ç�����
DAQ Check��º
)ëåÀÞãC��%:©ª�	�©ª�éý��ì­Ü��
SCAN Demux��º
ß�×���G9|¼!S�ÀÞ���G��\�
DAQ VScale��º
	�����E�	��â��a�?�­vmß����â�ÑÙ�Z�
Áæü�

pF�a�� :

DIG Prt Config��º
!S�a���ÀÞ�!Sâ�a��[m�
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DIG Out Prt��º
�����a��ÀÞ���!S���a�ü�

ÍF"^Ý :

GPCTR Control��º
ß"^ÝxyJ�0!S��"^ÝØ$%"^Ý��
GPCTR Set Application��º
!S"^Ý��ë}~��«9?�É�!Sâ�ëØ�6��=>�
GPCTR Change Parameter��º
!S"^Ý�Í«|u��y"���]���îí�i"��ål[m�
GPCTR Watch��º
!��Ã0�P"���]�ÑA"�©��0ß"����¯°���

��M6�\��vm��bì�� Visual C++�Æm���Ã AD/DA

/�ÖA_��9ÉVW%!"�iJ���X6�`?�#ÑÙ�Á��
�M���



�#�

$�%&'()*+

3.1 �
���� !�"

Ð:ÑÒÓÔÕÖç×ÌØ¤ÙÚ�ÛÜÝ:ÞÙ�±� 3.1�zº

2 3.1:��O#	P2

1 a:äåh�ÁæÙÚ
2 b:äåh�ÁæÙÚ
3 c:äåh�ÁæÙÚ
4 éê�ëÝ Ha �îñòÙÚ H+

a

5 éê�ëÝ Ha �ïñòÙÚ H−a

6 éê�ëÝ Hb �îñòÙÚ H+
b

7 éê�ëÝ Hb �ïñòÙÚ H−b

8 éê�ëÝ Hc �îñòÙÚ H+
c

9 éê�ëÝ Hc �ïñòÙÚ H−c

10 éê�ëÝ�î`ìÁí H+

11 éê�ëÝ�ï`ìÁí H−

23
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±M��z�Ñ:äå%×Ø��´:~)�éê�ëÝ��± a :ä
å�~)�âéê�ëÝ Ha�ó H+ . H− âéê�ëÝ�îï`ìÁí�
¤ÙÚ�

«9�]��ö)�hÈÕÖÌØ¤ÙÚ�S����@m(df��
ÕÖÚabÜ�c�6(��aõ AD/DA /	� ��Á�kí���<
ë�ÌØ¤ÙÚ�S���/³Å�á(������

«89ßÕÖ�ÌØ¤ÙÚáâ��Ðãº

�A� Ð:äåÁæÙÚÐ�ä

�B� éê�ëÝ�`ìÁíîï��ä

�C� Ð:éê�ëÝ�îïñòÙÚçÎ�ä

��ë8ÕÖ���
�����÷ÙÚ|ø����«890ÈÕÖ
�Á�6Æm�±mn 2.5o� ¡ÕÖ���
����n�^6o�Ð:
�ìÁÜ�|ø����Ò! aFbFc Ð:�ìÁÜ�â EaFEbFEc���
�����ß ia = ib = ic = 01�ÕÖ�Á�6Æm�F�Ç�mn 3.1oº

Vas = Va − (Va + Vb + Vc
3 ) ≡ Ea = 2ωrKe

P cos θr

Vbs = Vb − (Va + Vb + Vc
3 ) ≡ Eb = 2ωrKe

P cos(θr − 2π
3 )

Vcs = Vc − (Va + Vb + Vc
3 ) ≡ Ec = 2ωrKe

P cos(θr + 2π
3 )

(3.1)

´É Vas + Vbs + Vcs = Va + Vb + Vc − 3Vs = 0��� Vs = (Va + Vb + Vc)/3�é
�f��mn 3.1o�´�zÕÖ÷:��ìÁÜ���ÕÖ��
�^�
���Ð:äå÷h��Áæñòeí¢Ç�(­^ÕÖ�� ωr âî (��
^667
� )�dõmn 3.1o��i- Ec âG¼ Ea 120 >Á�v�Eb â
V� Ea 120>Á�v ( ±� 3.2)�� Ea �r¿��âÍÎ�õöÐ:Áæñ
òác:Ê 120>Á�v�B­«9S�� a:äå����GH Ea �õï
Aî�r¿����� ¡´£�:hÁæ���î$ï�S�� b :äå
� c :äå�
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2 3.2:QRSTU�!BV�6WE;XY

Ea Eb Ec

. Ea :ÊÁ�v 0> V� Ea 120> G¼ Ea 120>
Ea = 0 ^Áæü Ea = 0 Eb < 0 Ec > 0

;ÕÖ�éê�ëÝ�`ìÁíÙÚ��ÛÜÁæ�Bâéê�ëÝ�
îïÙÚñòîCö�k�¤¥OÀ�Féê�ëÝ�ìýh�O8<þ?
×ýh�éê�ëÝîïñò�ñéê�ëÝ�îïñò�Ð:Áæñòâ
h�|u�ú�ñò�éê�ëÝ�îïñò%NW�ÑÒMæü�Øð¿
Òñò�´�Ð:Skäå�:)aw±t 2.11�ª��Øð�éê�ëÝ
�îïñòù­â�:��F����éê�ëÝ�îïñò�ß��Øð
�éê�ëÝ��þã���«89ßhð�éê�ëÝ�îïñò:��
ÇAØ�¦éê��ñò§�

â¸�z6��«89�/¨éê��ÉÑÒMæ�Lá�;éê�ë
Ý��ÛÜÁæ�0?ÕÖ��^6
�^�ß­ÐÉéê�ëÝ�Ð�é
ê��ñò�âmn 3.2o$mn 3.3oº

Ho
a ≡ H+

a −H−a = −vo cos(θr + π
6 ) = vo cos(θr − 5π

6 )

Ho
b ≡ H+

b −H
−
b = −vo cos(θr − π

2 ) = vo cos(θr + π
2 )

Ho
c ≡ H+

c −H−c = −vo cos(θr + 5π
6 ) = vo cos(θr − π

6 )

(3.2)

−Ho
a ≡ H−a −H+

a = vo cos(θr + π
6 ) = −vo cos(θr − 5π

6 )

−Ho
b ≡ H−b −H

+
b = vo cos(θr − π

2 ) = −vo cos(θr + π
2 )

−Ho
c ≡ H−c −H+

c = vo cos(θr + 5π
6 ) = −vo cos(θr − π

6 )

(3.3)
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õmn 3.2o�mn 3.1o«89��i- Ho
a V� Ea 150 >Á�v�Ho

b

G¼ Ea 90 >Á�v�Ho
c V� Ea 30 >Á�v ( ±� 3.3)è−Ho

a G¼ Ea 30 >
Á�v�−Ho

b V� Ea 90>Á�v�−Ho
c G¼ Ea 150>Á�v (±� 3.4)�

«89� Ea õïAî�r¿��âÍÎ� ¡Ð�éê��ñò�
r¿�����H��º»�Ð�éê��ñò�)ìA�éê�ëÝâ
HaFHb $ Hcè0G9Ð�éê��ñò�«â�r¿��¼��Q��
î
�S��éê�ëÝñò�îï�h�«89ßhð�éê�ëÝ
��ÙÚ�ñò:��S�âØ�éê��ñò�± Ho

a ≡ H+
a − H−a�ó

−Ho
a ≡ H−a −H+

a�À� Ea õïAî�r¿��.��Ð�éê��ñò�ý
Ì% Han$ −Ho

aoFHbn$ −Ho
bo$ Hcn$ −Ho

co�r¿���aw0ý
?�+ (±� 3.3.� 3.4 )���Ð�éê��ñò�r¿����ßÐ�é
ê��ñòþãAÐ�éê�ëÝ�� ¡éê��ñò�r¿��¼��
Q��ßéê�ëÝ�îïñò��h@��±­�©ª¸éê�ëÝ�ñ
òÙÚ�îïS��

2 3.3:Z!@AF�GH[ Ea �!#N�\]^_`XY

Ho
a Ho

b Ho
c

. Ea :ÊÁ�v V� Ea150> G¼ Ea90 > V� Ea30>
r¿���� �6ØÐ �6Ø� �6Ø©
ñòQ� õïAî õîAï õïAî

2 3.4:a!@AF�GH[ Ea �!#N�\]^_`XY

−Ho
a −Ho

b −Ho
c

. Ea :ÊÁ�v G¼ Ea30 > V� Ea90> G¼ Ea150>
r¿���� �6ØÐ �6Ø� �6Ø©
ñòQ� õîAï õïAî õîAï
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Ù��ë8²³ÂÕÖMéê�ëÝ�~wJ��Ø ²³ÂÕÖM×
ÐÉéê�ëÝ�´~w(áâ���lèØl%ª�\~w��Øl%0
�\~w�±�t 3.1º

� 3.1: ��@ABCDb$�

«M\Á�²³Â�a¬ÕÖM�ÐÉéê�ëÝ<$°�0�\�~
w�´3�â´Cª�\¦�­��ÁÒ�Ò?ÐÉéê�ëÝ�´�¤ñ
òÙÚø�Áûü×Êè^�0��¯°�õöÁûüýh�ß5ªÒ�÷
Ééê�ëÝ�ÁÒýh�dÐÉéê�ëÝ�îïñò;×�Êè�óÐ
Ééê�ëÝÉÒ?×ØÉF®�0ý?¯­�K�Ééê�ëÝ�k��
0���éê�ëÝ�`ìÁíh H+ a.Ø�Áû�ÙMîÁíèH− a
.Ø�Áû�ÙM�Ø�MæÁí�M�ªÁû�]�%â¸?éê�ëÝ
���ñòâE«�¿Ò�ëñòPMØÑÒMæ��
°éê�ëÝ�Õ
ÖÛÜÝ�Å�Áæ}~q��±²\²³ÂMa¬ÕÖM�déê�ëÝ
�~w<Lá?�ª�\@å�B´@/Áèª�\~w�ÛÜÝ�Ù(�
0�\<hþè�ßà��¨�%�é? H+ � H− ���ÁíÙ�¸�é
ê�ëÝ³Ð��k��Àéê�ëÝ��¤ÙÚM�ñò;?B­�:�
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Ø �²³ÂÕÖM��éê�ëÝåâ InSb´��4ª�� HW-108A

â� (µJª4� )�´�����û9¶â 250· 450Ω�´î¶¸�éê�
ëÝ;<¹×:º�û9üèF)ª�\~w�éê�ëÝóQ�éê�ë
Ý�`ìÁíh H+ � H− ø�û9¶â 750 · 1350Ω�´�¤éê�ëÝ�
îïÙÚø�û9 ( �± H+

a . H−a ) ¶â 250 · 450Ω�)0�\éê�ëÝ
óQ�éê�ëÝ�`ìÁíh H+ � H− ø�û9¶â 83 · 150Ω�´�¤
éê�ëÝ�îïÙÚø�û9 (�± H+

a . H−a )¶â 250· 450Ω�

«9_��bÜÚa�c(dO�ö«M\�²³ÂÕÖ�´éê�ë
Ýâ0�~w(�Ò!�Z¹����ÐÉéê�ëÝ»:h��éê�ë
Ý Ha â��«89N¾éê�ëÝ�Áû[\±t 3.2�éê�ëÝ��¤
ñòÙÚ�h�Áû�â 2R2èóéê�ëÝ�Áí`ìîï�h H+ � H−

|ø�Áûâ 2R1�

� 3.2: @ABCDE�cde

â¸6�«89�ë8��0È�ÕÖâ��­ÕÖ�ÙÚS�âº
PIN1 · PIN3 âÐ:äåÁæÙÚ��éê�ëÝ�ÙÚâ»����Fý
ë8Ð:äåÁæÙÚ�éê�ëÝ�Ùä~w����´£��¤éêÙ
ÚÉn¼½éê�ëÝ�ñòÙÚ��`ìÁíÙÚo� PIN4� PIN11âé
ê�ëÝ�`ìÁí H+ � H−èPIN5 � PIN6FPIN7 � PIN8FPIN9 � PIN10

ácâÐðéê�ëÝ�îïñòÙÚ�B­�Ht 3.1 É�0�~w(�
`Jât 3.3ntÉò��éâÙÚò�o�
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� 3.3: fge@ABCDb$E�cde

«89É�×Úa�S��»õÚaø::���ÇA��h��(d
�S�ÙÚ��×ïåýh�ð��«9®ßØlS��6m@���H«
9_����m�6(�h��S��ÕÖ�Úa�

�0�\�éê�ëÝ~wâ��Ù��ë8à�¤éêÙÚ�G9Ù
ÚøS�ýh�ô��¾ÙÚ|ø�Áû�ß´áâ��pãº

�A� éê�ëÝ�`ìÁíÙÚ�éê�ëÝ�ñòÙÚ
�¤ÙÚ�Ø¤âéê�ëÝ�`ìÁíÙÚî$ïnPIN4 $ PIN11

´ÉôØ¤o��Ø¤âéê�ëÝ�ñòÙÚî$ïnPIN5A PIN10

´ÉôØ¤o��þãâhØl���

�B� hØðéê�ëÝ�ñòÙÚîï
�¤ÙÚâhØð�éê�ëÝ�ñòÙÚ�çÐl��ºPIN5 .
PIN6FPIN7. PIN8FPIN9. PIN10��þãâhØl���

�C� ýhðéê�ëÝ�ñòÙÚîï
�¤ÙÚâýhð�éê�ëÝ�ñòÙÚ�Ððéê�ëÝ�ñòÙ
Ú�ô�ýâhðéê�ëÝ��¤���±ºØ¤â PIN5$ PIN6´
ÉôØ¤��Ø¤â PIN7$ PIN8´ÉôØ¤

�D� éê�ëÝ�`ìÁíÙÚîï
�¤ÙÚâéê�ëÝ�`ìÁíÙÚîï�PIN4� PIN11�
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�nAoãÉ�� PIN4 � PIN5 |ø�Áûâ���ß´Áû[\`
Jâ�t 3.4 �õt 3.4 ��"í��PIN4 � PIN5 |ø��'Áû R4−5 =

R2 + 2
3R1�õt 3.3 �ÈnPIN4 $ PIN11 ´ÉØ¤o��nPIN5 A PIN10 ´

ÉØ¤o|ø�Áû»:�nR4−5o�

� 3.4: PIN4� PIN5E;�c�

�nBoãÉ�� PIN5 � PIN6 |ø�Áûâ���ß´Áû[\`J
â�t 3.5�õt 3.5��"í��PIN5� PIN6|ø��'Áû R5−6 = 2R2�
õt 3.3�È´� PIN7� PIN8�PIN9� PIN10|ø�Áû»:�nR5−6o�

� 3.5: PIN5� PIN6E;�c�
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�nCoãÉ�� PIN5� PIN7|ø�Áûâ���ß´Áû[\`Jâ
�t 3.6�õt 3.6��"í��PIN5� PIN7|ø��'ÁûR5−7 = 2R2+R1�
õt 3.3 �È PIN5n$ PIN6o� PIN7n$ PIN8 $ PIN9 $ PIN10o|ø�Á
û»:�nR5−7o�ÿéýhð�éê�ëÝñòÙÚ��¾ÙÚ|ø�Á
û»â R5−7�

� 3.6: PIN5� PIN7E;�c�

�nDoãÉ�� PIN4� PIN11|ø�Áûâ���ß´Áû[\`Jâ
�t 3.7�õt 3.7��"í��PIN4� PIN11|ø��'Áû R4−11 = 2

3R1�

� 3.7: PIN4� PIN11E;�c�
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ë8ô��¤éêÙÚ|øÁû���%Bâ«89_��6(âºß
ô��¤éêÙÚ45 2V . GND �Áæñò�Ð�	�­�¤éêÙÚ�
Áæñò�G9 2V . GND ÙA�ÙÚýh�)9M��pl�����@
�ýh�Áæ���Æ�ºc��¤éê�ëÝ�`ìÁíîïÙÚ�

^­0ßÕÖÌØ¤ÙÚ|ø���<¿XY�Ù��XY«89_�
�VW6(�

3.2 �
���� !#$��

� 3.1�0aXY.�«89ßÕÖ�ÌØ¤ÙÚáâ��Ðãº
nAoÐ:äåÁæÙÚÐ�ä
nBoéê�ëÝ�`ìÁíîï��ä
nCoÐ:éê�ëÝ�îïñòÙÚçÎ�ä

«89�bÜÚa�c(dâº��45ô�ÙÚÁæ�-.	�Áæ
ñò�Ãâ«89º»Úa�GH��ýh�J���45ô�ÕÖÙÚÁ
æ�ÙA¸ýh�ÙÚ��õöÙÚ|ø�:Þ�����Áûü.ÏZ�
�ýh�F�A�Áæü;ý·:h���0È�ÕÖÙÚ�45ýhÙÚ
Áæ�@�ÙÚø�Áæ<þ�����ÃÚa�c�õöÕÖÙÚøÁû
ü��:h�F�aõ0È�ÕÖ�;�«89º»´µÕÖÚa�Îd�

«89_��bÜÚa�c��±�º
nØoßÐ:äåÁæÙÚ�´µ�¤éêÙÚ�á��
n�o@�éê�ëÝ�`ìÁíÙÚ
nÐo�×Úaþã©ª

��nØoßÐ:äåÁæÙÚ�´µ�¤éêÙÚ�á��

���ßÌØ¤ÙÚÉ�Ð:äåÁæÙÚ�´î�¤éêÙÚ�á�
���±ðßàÐ¤ÁæÙÚ@��ÀÁ��Ð:äåÁæÙÚ�´î�¤
éêÙÚ|øâ»��������ÌØ¤ÙÚÉô�Ø¤ÙÚ�45 2V

�Áæñò�Ð�	��×ÌØ¤ÙÚ�Áæñò�õöÐ:ÁæÙÚ�´
£�¤éêÙÚ%»���F	�Áæ�?i��l��º
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naoÐ¤ÙÚ�Áæñò% 2V

nbo�¤ÙÚ�Áæñò% 2V

��à�lýh����ß�@�Ð¤ÙÚ�´Áæ<þ�´µ�¤Ù
Ú�Áæ<þýh�B­�Ð:äåÁæÙÚ@��ßà��¨�%^­Â
hßÐ:äåÁæÙÚî
�S��Á%�ßÐ:äåÁæÙÚ@���6
�Ù���Úa�c�

��n�o@�éê�ëÝ�`ìÁæÙÚ

@�¸Ð:äåÁæÙÚ|��Ù��H%�@�éê�ëÝ�`ìÁ
æÙÚ�Bâ@�éê�ëÝ�`ìÁíÙÚ¨�?éê�ëÝî
�Ü
���ë��kOÿ�î
aw�B­�ÃÐ:äåÁæÙÚÐ¤ÙÚ�ß
´£�¤éêÙÚô��¤ÙM 2V . GND���Ã	�Áæ�Ü��	�
­�¤ÙÚ�Áæñò�	Hà�ÙÚ�Áæ<þýh���î
�@�é
ê�ëÝ�`ìÁí�ÙÚ�ýhÙÚÙÔAÁæ^�õöéê�ëÝ�ñ
òÙÚ$%`ìÁæÙÚ|ø�Áûü<þIÏZ��ýh���à�¤Ù
Ú	�A�Áæ;×<þ�ýh�

­�¤ÙÚ�)�ýÈÞ´ÙÚS��G9 3.1 ���¨��t 3.3 �
z�	H� 2V . GND :Þ��¤ÙÚýh�	�­�¤ÙÚ�Áæ���
áâ�\pl���Æ�@�éê�ëÝ�`ìÁæÙÚº

�A� 2V � GND ÙAéê�ëÝ�`ìÁíÙÚ�éê�ëÝ�ñòÙÚ
� PIN4. PIN5â��ª�áâ�lJ�º

�1� 2V ÙAéê�ëÝ�`ìÁíÙÚnPIN4o�GND ÙAéê�
ëÝ�ñòÙÚnPIN5o�
��t 3.4�ß PIN4ÙM 2VèPIN5ÙM GND���ÇÈ�\Áæ
<þ��º

V4 = 2V > V7 = V8 = V9 = V10 > V11 > V6 > V5 = GND (3.4)

B­Ã¸Áæñòâ 2V . GND à�¤ÙÚ�K�´£�Î¤Ù
Ú�Áæñò»<ö$�ö V6�V6 = (2R2)/(R2 + 2R1

3 )�
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­^Áæñòâ 2VnV4o�ÙÚnPIN4oâØ¤éê�ëÝ�ÛÜ
ÁíÙÚèó@�´£Î¤ÙÚÉØ�þ�ÁænV11oÙÚ�é@
��Ø¤éê�ëÝ�`ìÁíÙÚnPIN11o�

�2� GND ÙAéê�ëÝ�`ìÁíÙÚnPIN4o�2V ÙAéê�
ëÝ�ñòÙÚnPIN5o�
��t 3.4�ß PIN4 ÙM GNDèPIN5 ÙM 2V���ÇÈ�\Áæ
<þ��º

V5 = 2V > V6 > V11 > V7 = V8 = V9 = V10 > V4 = GND (3.5)

B­Ã¸Áæñòâ 2V . GND à�¤ÙÚ�K�´£�Î¤Ù
Ú�Áæñò»þö$�ö V6�V6 = (4R1

3 )/(R2 + 2R1
3 )�

­^Áæñòâ GNDnV4o�ÙÚnPIN4oâØ¤éê�ëÝ�Û
ÜÁíÙÚèó@�´£Î¤ÙÚÉØ�<�ÁænV11oÙÚ�é
@��Ø¤éê�ëÝ�`ìÁíÙÚnPIN11o�
ó´îÙÚ:h�J�± 3.1����»�Ä�:h�Áæ���

�B� hØðéê�ëÝ�ñòÙÚîï
2V . GND ÙAhØð�éê�ëÝ�ñòÙÚ�� PIN5 . PIN6 â
�� PIN5. PIN6Ø¤Ù 2V�Ø¤Ù GND�
��t 3.5�ß PIN5 ÙM 2VèPIN6 ÙM GND���ÇÈ�\Áæ<þ
��º

V5 = 2V > V4 = V7 = V8 = V9 = V10 = V11 > V6 = GND (3.6)

B­Ã¸Áæñòâ 2V . GND à�¤ÙÚ�K�´£�Î¤ÙÚ�
Áæñò»�hØ�Îan1Vo�­^�ÃÁæñòâ 2V � GND à
�¤ÙÚ�S�Áæñòâ 2V � GND ­�¤ÙÚâhØð�éê�
ëÝ�ñòÙÚ�ýâéê�ëÝ�`ìÁíÙÚ��Ã­�¤ÙÚ�
)´£�ÙÚ�Ãë��ÑA@Aî
�éê�ëÝ�`ìÁíÙÚ�
;0a@A¸Ððéê�ëÝ�ñòÙÚ��N���¤ÙÚ�éâé
ê�ëÝ�`ìÁí�ÙÚ�
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�C� ýhðéê�ëÝ�ñòÙÚîï
2V . GND ÙAýhð�éê�ëÝ�ñòÙÚ�� PIN5 . PIN7 â
�� PIN5. PIN7Ø¤Ù 2V�Ø¤Ù GND�
��t 3.6�ß PIN5ÙM 2VèPIN7ÙM GND���ÇÈ�\Áæ<þ
��º

V5 = 2V > V6 > V4 = V9 = V10 = V11 > V8 > V7 = GND (3.7)

M�âZ¹����¤ÙÚøÁæ<þ���m�

ÀV�M�±t 3.8� RA . RB 0ý©¤:��é RA 6= Rb 6= R1 �F I1

0ý�ör�ó%×ØÅþÁÒü�5ª

V5 = 2V > V6 > V4 > V9 = V10 > V11 > V8 > V7 = GND , I1 > 0 (3.8)

$

V5 = 2V > V6 > V11 > V10 = V9 > V4 > V8 > V7 = GND , I1 < 0 (3.9)

� 3.8: PIN5� PIN7Lh 2V N GND ijk�R�

��àlJ��@�Áæñòâ 2V � GND ��¤ÙÚ�K�´£Î
¤ÙÚ;ÉØ�þ�ÁæÙÚ�é@�Ø¤éê�ëÝ�`ìÁíÙÚ
nPIN4�I1 < 0$ PIN11�I1 > 0o�
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­^×�l6m@��Ø¤éê�ëÝ�`ìÁíÙÚº

�1� ß 2V ÙA0@��Ø¤éê�ëÝ�`ìÁíÙÚnPIN4 $
PIN11o����Áæ	�ë��­^Áæ	�¯°�nAo�n1o
:h��a.Áæ	���	HnAo�n1o�¯°�@��Ø¤
éê�ëÝ�`ìÁíÙÚ�

�2� ß GND ÙA0@��Ø¤éê�ëÝ�`ìÁíÙÚnPIN4

$ PIN11o����Áæ	�ë��­^Áæ	�¯°�nAo�
n2o:h��a.Áæ	���	HnAo�n2o�¯°�@�
�Ø¤éê�ëÝ�`ìÁíÙÚ�

�D� éê�ëÝ�`ìÁíÙÚîï
2V . GND ÙAéê�ëÝ�`ìÁíÙÚîï�PIN4� PIN11�ý8
% 2V ÙA¸ PIN4�GND ÙA PIN11è$% 2V ÙA¸ PIN11�GND Ù
A PIN4�­^éê�ëÝ��yÜ��­^÷ÙÚø���ýÁ%Á
û���ó%�ÔO8��5ªýh�Áæñò�Fýh�kOÿ�a
w?5ªÁæ	�¯°ýh��ÔA�O8<þ;:è�	�Áæ��
Ã¸Áæñòâ 2V . GND à�¤ÙÚ�K�´£Î¤ÙÚ�Áæñ
ò?G9�kaw�ýhóýh�ÀÓ(
Æ 2V . GND 0aÙA¸
éê�ëÝ�`ìÁíÙÚîï�­^×�l6m�
Æº

�1� ß GND ÙA´£Î¤ÙÚ�ôðØ¤nPIN5 A PIN10 ô�Ø
¤o����Áæ	�ë��­^Áæ	�¯°�nAo�n1o:
h��a.Áæ	���
ÆÙÚâéê�ëÝ�`ìÁíÙÚ�

�2� ß 2V ÙA´£Î¤ÙÚ�ôðØ¤nPIN5A PIN10ô�Ø¤o�
���Áæ	�ë��­^Áæ	�¯°�nAo�n2o:h��
a.Áæ	���
ÆÙÚâéê�ëÝ�`ìÁíÙÚ�

õM��nAonBonConDoé��¤éê�ëÝ�`ìÁíÙÚî
ï�S����@þ�âéê�ëÝ�`ìÁíîÿnPIN4o����@<
�âéê�ëÝ�`ìÁíïÿnPIN11o�BâîïÙ�Á?5ª���
éê�ëÝ�îïñòÙÚ�:�0ýÇ´Ø ú�F�bìS��ß PIN4

ÙM 2V�PIN11ÙM GND ����?éê�ëÝî¹Ü��
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��nÐo�×ÙÚþã©ª

	HM����0ß­�¤éê�ëÝ�`ìÁíîï45S��ß�
¤éê�ëÝ�`ìÁíÙM 2V �� GND ����ÄÈÜÕÖn�^6

�o�	���
�^Ð:Áæ��ìÁÜ���éê�ëÝ�îïñòÙ
Ú������	H
�^2Ð:Áæ���<þ�bìS�� aFbFc Ð
:ÙÚ�ó��©ð�éêñòâ�:��F���Áæñò�:a���
��r¿�����Ãºc�Ü��bÜßÚaþã�©ª�×Úa�c�

�1� S�Ð:äåÁæÙÚ
�Ð:äåÁæÙÚô�Ø¤�S�´â a :äåÁæÙÚ�Áæâ
Ea�õ� 3.2�� Ea õïAî�r¿��âÍÎ�õöÐ:äåÁæù
­:Ê 120>Á�v�F­^ Ec > 0�Eb < 0�	H­^��¤ÙÚÁæ
ü<þ�S�� b:�� c:äåÁæÙÚ�

�2� hØð�éêñòþã
ßÎ�éê�ëÝ�ñò��:P�:Püâr�1����:�âh
Øðéê�ëÝñòè:Püýâr���ý%hØðéê�ëÝ�B
­�@�Ððéê�ëÝ�ñò�hØð�ñòÙÚ�ßÙÚ��@þ
�ñò� ÙÚ��@<�ñòn± V5− V6oÇAØ�éê��ñò�
çÐð�@AÐ�éê��ñò�

�3� Ð�éê��ñò�Ð:äå~)
h�� Ea õïAî�r¿��âÍÎ�õöÐ�éê��ñòI Ea ø
»×ýh�:aÊ�	H� 3.3.� 3.4�ßÐ�éê��ñò)öÐ:
Áæ~)�´r¿����G�â Ho

cn$ −Ho
coFHo

bn$ −Ho
bo. Ho

a

n$ −Ho
ao�ñ	HÐ�éê��ñò�r¿��¼����Q�%õ

ïAî$õîAï�
Æ|¼ÇA�ñò�î
�ßhØðéê�ëÝ
�îïÙÚS����

^­0ß²³Âa¬ÕÖMÌØ¤ÙÚî
�þã���
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3.3 �
%&'�()���*+

�¼0a©ª¸²³ÂÕÖ�Úa�c�Ù��H��~�bì!"�
Á����Áæ¹����¹�eë�Ü��Ð:ÑÒÓÔÕÖ�Áæ¹�
���¹��ÕÖ«â�ú�F��<þ�����Å���ÉÉ:��B
­ýÌ%ÕÖ!"#$´?�#$¸¹��î��%Ç)��ë���â!
"Wò$*+�OÕÖ�',�

����f�É�«89ß�ÐämÕÖâ�¨)*�À´EZ��
h���pämÕÖ�õmn 2.6o��ÇÈ�;+L Kt <�ÕÖ�fÜï
n�)ö:h�:ÁÒ�ÕÖ��¡�@<����� Te�À�mn 2.5o
É��i-;ÕÖ| Ke @<^�)ö:h�:ÁÒ�´Ð:�ìÁÜ��
wü;+<�)öÁ�_`Ð:äåûSÁæ�ÛÜÝóQ�­l��¸¹
ý�ö��
����)ÕÖ?�#���±ð6)bÅ�¦�ÕÖ���
�����+��O�Áæ¹����¹��ÕÖ�%¸¹���)�Ø 
ÕÖ`ÊI;$?�ÕÖz{ËM\�­Ø'��

óÕÖ�ÛÜÝ�Ù(±t 3.9�ÛÜÝ%õÐ�ÁÌ Leg1FLeg2 FLeg3

�ðª�Ñ�ÁÌ×��_uÍs���%ÁÎ�FMOSFETFIGBT�Á�
ÁkÍs�

� 3.9: ���56D�L
�
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Ù��XY«89f��@m�â¸�"íÕÖÉFØ:���¹�
Kt�«89?ÕÖ%�1:�6m
��� a . b �:À×ÁÒèc :â�
���â��ÛÜÝMÁ× Tr3FTr4FTr5FTr6 ­p�_uÍs×����Ü
��ó Tr1 � Tr2 ØÑ%�����ñÛÜÝý� c:8ð:Þ�±t 3.10�

� 3.10: ��)l!m�d�U�56D�L
�

S�Ò7É�:�ÁÒâîÁÒ�B­ÕÖ�1:
��[m����
i- ia = −ib�ic = 0�� ia = −ib = i�1�ÕÖ�Á�6Æm ( 2.5) ���ª
m ( 3.10)�
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
Vas

Vbs

Vcs


=


R 0 0

0 R 0

0 0 R




i

−i

0


+


Lp −M −M

−M Lp −M

−M −M Lp





di
dt

d(−i)
dt

0


+

2ωrKe

P


cos θr

cos(θr − 2π
3 )

cos(θr + 2π
3 )


(3.10)

õmn 3.10o��fÇ�mè

Va = Vas + Vs = Ri+ Lp
di
dt

+Mdi
dt

+ 2ωrKe
P cos θr + Vs

Vb = Vbs + Vs = −Ri− Lpdidt −M
di
dt

+ 2ωrKe
P cos(θr − 2π

3 ) + Vs

Vc = Vcs + Vs = 2ωrKe
P cos(θr + 2π

3 ) + Vs

(3.11)

0È cos θr + cos(θr − 2π
3 ) + cos(θr + 2π

3 ) = 0�FS�Ø+� Vw(t)â�^ø×�
|+��� Vw(t)±m ( 3.12)�z�

Vw(t) ≡ Va + Vb − 2Vc
−3

=
2ωrKe

P
cos(θr +

2π
3

) (3.12)

´É VaFVb . Vc âÐ:�hÁæ�ª0È ωr = dθr
dt
�1�m ( 3.12) �Çm

( 3.13)�

Vw(t)dt =
2Ke

P
cos(θr +

2π
3

))dθr (3.13)

ßm ( 3.13)Ï'�á�Ç+� Ψ

Ψ ≡
∫ t

t0

Vwdt =
2Ke

P
sin(θr +

2π
3

) + Ψ0 (3.14)

õm ( 3.14) i- Ψ %Ø��Ðâ 2Ke/P �îú�PMØ�ÑÒMæü
Ψ0�B­Á�?ÕÖ�1:[m�
��0	�1:
�^Ð:ÁæÙÚ
�hÁæü�"í� Vw(t)��ß Vw(t) �á���ë�á¯°�¿Òñò�
�Ð<þ��Ñ� P/2�é�ÇAÁæ¹� Ke�ó� m.k.s Ä����¹�
Kt = Ke�
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3.4 �
%&'�()�#$��

¼6_A�â¸�ëÕÖ��¹� Kt�«89?ÕÖ�1:[m�

�nia = −ib = i�ic = 0o�B­�ßÕÖ�Âu6Æmn 2.6o��â�m
n 3.15oº

Te =
√

3Kti cos(θr + π
6 ) = 2J

P
dωr
dt

+ 2Bm
P ωr + TL (3.15)

õMmn 3.15o�i-�â¸?ÕÖ�1:[m�
��ßàÀ��
cos(θr + π

6 ) h:�ÁÒ i��°! Te > 0�?ÕÖ!��1:[m�
��B
â«89a�%�ë��¹� Kt�B­ÁÒ�<þý5�ë8�Á�ÁÒ�
�67� cos(θr + π

6 )h:é��

óõmn 3.2oÇÈ�?ÕÖ�1:[m�
�¦��ÁÒ i�ÒÓ� Ho
a

h:�B­�� Ho
a �ñòâÍÎ��âÛÜÝ�����GH�0ÈÛÜ

ICnBA6849o��:�ü^��±�º

2 3.5: BA6849�9!IJ:`2

Output Table Input Table

�� Tr1 Tr2 Tr3 Tr4 Tr5 Tr6 H+
a H−a H+

b H−b H+
c H−c

Ø On Off On Off Off On H M M M L M

� On Off Off On Off On M M H M L M

Ð On Off Off On On Off L M H M M M

p Off On Off On On Off L M M M H M

Í Off On On Off On Off M M L M H M

Î Off On On Off Off On H M L M M M

L = 2.4V M = 2.5V H = 2.6V

õM� 3.5�Ä��â¸?ÕÖ±t 3.10 �1:[m
��éÀ� ab �:ä
å�c:äåâ�����h^� Ho

a �âÁÒ���	H�F«89*+Î
���É�¦��Ø§��¦��p§Öª1:
��ÁÒ��:�
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õö BA6849 âØÉÐ:ÛÜ� IC�â¸?ÕÖö1:[mn��ØI
��po�
��	H� 3.5�«89��Áûáæ�-. H+

a � H−a a.C
@Ý�åÅÝ�45� Hn2.6VoFLn2.4Vo�� Mn2.5Vo�ñò�ác
_`4 BA6849 M�éê�ëÝÙÚèh^ c :äåýÙAÛÜÝ�B­�
5Á�±�t 3.11�

� 3.11: l!m�no�R'(�

«89?ÕÖ-. BA6849 ��Ð:
�[m�y
��AÖØS��
��G9 Ho

a ���ñò45Òñò4 BA6849 ��h^ß c :äå���
�?ÕÖ�1:[m�
��­^	�´Ð:hÁæ�P�"í.�ÇA
Vw(t)�ß Vw(t) �áÇA Ψ 0@� Ψ |¿Òñò��Ð��Ñ� P/2 éâÕ
ÖF:�Áæ¹� Ke�ó��¹� Kt = Ke�
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3.5 �
,-.,/0)���*+

«89ö­�XY�ëÕÖû9�ë�6(º�Ðäm�ÕÖâ«89
��ë)*�õØ�Ù�XY0ÈÕÖ�Á�6Æmn 2.5o�Âu6Æm
n 2.6o�â¸`J£����Ò! TL = 0 �6�«9�ë8�

�f��.ÆÉ�õöÐäm�ÕÖ�äåLr®Ô�ÐÕ�ä�0Ö
×É�:�ä�B­Á��ëAÕÖ�äÁû�äÁ��ô�À��:Á
Ò�­^Sk8ð�¡��O8ÿúý?+J�ÕÖ��kH×��?¯ó
�ûS�awM�À%HV�M���é?À�±­�ÁÒ�ÕÖ�k³×
��i��ï�×Ü�5ª�ëÕÖû9^�Áû�Á�ü��ëÓá��
�f���?ÕÖ�kûS�ÁÒ�~áÕs�

À�ô��:ÁÒ�Ò!À� ab �:äå�é ia = −ib = i�ic = 0��
ßÕÖ�Á�6Æm�Âu6Æm���ÇA��¯°º

Vas = Ri+ Lp
di
dt

+Mdi
dt

+ 2ωrKe
P

cos θr

Vbs = −Ri− Lpdidt −M
di
dt

+ 2ωrKe
P

cos(θr − 2π
3 )

(3.16)

Te =
√

3Kti cos(θr + π
6 ) = 2J

P
dωr
dt

+ 2Bm
P ωr (3.17)

õmn 3.16o�fÇº

Vab = 2Ri+ 2Lpdidt + 2Mdi
dt
− 2ωrKe

P

√
3 sin(θr − π

3 )

= Rt i+ Lt
di
dt
− 2ωrKe

P

√
3 sin(θr − π

3 )

(3.18)

MmÉ Rt = 2R âÕÖ�äÁûèLt = 2Lp + 2M âÕÖ�äÁ��Ò!
ÁÒ i = iDC + iAC sinωt�ñ­^ÕÖ�k�Ø?¯ó�ØûSawM�B­
ωr = 0��ßmn 3.18o��âº

Vab = Rt iDC +Rt iAC sinωt+ Lt iAC ω cosωt (3.19)
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­^ÕÖ�k0¯óô�Ö×�ìÁÜ�¡��F Vab ÿ��zâÑÒ
Mæ�¿Òñò�:P�zâº

Vab = vDC + vAC sin(ωt+ φ) = vDC + vAC(sinωt) cosφ+ vAC(cosωt) sinφ (3.20)

õmn 3.19omn 3.20o�ÇÕÖ|äÁû�äÁ�º

Rt = vAC
iAC

cosφ è Lt = vAC
iAC ω sinφ (3.21)

�',9± [8] É_A�Á���Øö×ÑÒMæ�ú�ÁÒ�­ÑÒ
Mæ�?ÕÖ�k¯RS�ó�ØS�aw�±­ÕÖäÁû�äÁ���
mn 3.21o§Ç�­âÕÖ�k��RSÙô�~áÕs�

3.6 �
,-.,/0)�#$��

TUM�L¥ÑÙ?�IpJ� LCR METER ��ëÕÖ�û9�ÕÖ
�û9Ò!âÁû�Á�ª��´z�t±�º

� 3.12: �c��B,C'(�

LCR METER ß?_`�ëÏØë�Áæí V = vAC 6 θ �B�ëÍs�
�'û9��ª Z = R+ jωL���­Ú��ÁÒ I ßV� V Ø�:a φ��
�â I = iAC 6 (θ − φ)�
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±­Á��� Z = V/I�é�"íÇAÁûü R = (vAC/iAC) cosφèÁ�
ü L = (vAC/iACω) sinφ�À%;�ëÏ%Ð:ÑÒÓÔÕÖ^ÕÖ�BâÕ
Ö�kM×#$O7�;ë�Õs±M��^��k?�¿ÒNOÁÒ I ¡
�¿:���ý;���??ÇÕÖ�k¡�
�$�E?×Ü��^ÕÖ
ß±iÁÂ ¡��ìÁÜ��?Ç´Á�[\ý�1ÛÁ×Áû�Á�ª
���¿ö?� LCR METER^0Ó(�î�AÕÖ�û9�

ß LCR METER !Sâ_`Øö×ÑÒMæ�ú�ÁÒ4�ëÏ�B­
ÕÖ�k�ûS�ØawM�ÕÖäÁû�äÁ���mn 3.21o§Ç��
�ëÕÖ�û9^�¹¦�ýh�NO|u ω ��ë�B; ω ÜÝ�<�Á
�?BÞÒ (eddy current)'ìÜÝ+þ�óÁû?Bÿß'ì (skin effect)ó
ÜÝ+<�±­H��¨àÕÖ�ýh|u�NO^�´û9¡��¯­�



�,�

()�-'()./

4.1 �
���� !

t 4.1 â«89�_���ÇU�VW�Á�ßÕÖÙMÙä��é�
�yë�­ÉÕÖ�ÙÚ�«ÇUO��%ÌØ¤ÙÚñö×éê�ëÝ�
Ð:ÑÒÓÔÕÖ�Ùä�Mö×ÙäÝnjumpero��ßÕÖ�ôØÙÚ
ÙA 2V $% GND�-. AD/DA /	��×ÙÚ�Áæñò�é��bÜ
Úa�c�� Visual C++���iJ�X6`?�#�Á�MÑÙ����
�ß¯°©z�Á���M�Âg�¦�Áí 2V � GND %�Á�ö×�
5V�-.Áûáæ�6m�_`ë�^�¦�Áæ�

� 4.1: O#pq�r'(�

46
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±ØÐÙ��¨���0È�ÕÖâ��PIN1 · PIN3 âÐ:äåÁæ
ÙÚ� PIN4 � PIN11 âéê�ëÝ�`ìÁí H+ � H−èPIN5 � PIN6F
PIN7 � PIN8FPIN9 � PIN10 ácâÐðéê�ëÝ�îïñòÙÚ�Ù�
�h¼�áâÐ����ë��

��nØoßÐ:äåÁæÙÚ�´µ�¤éêÙÚ�á��

�ÌØ¤ÙÚÉô�Ø¤ÙÚ45 2V �Áæ�Ð�	��×ÌØ¤
ÙÚ�Áæñò�«89�� AD/DA /�	��×ÙÚ�Áæñò�-.
matlab�ß	�A�ÌØ¤ÙÚ�Áæñò���Mö�\t 4.2.t 4.3�

� 4.2: �!
s�4LO0tuL- 2V vw�4�

; 2V ÙA¸Ð:äåÁæÙÚôðØ¤�?i�M���nao�±
t 4.2 � PIN1�PIN2 . PIN3 �Áæñòâ 2VèPIN4 A PIN11 �Áæñòâ
GND�F PIN1�PIN2 . PIN3 .´£�¤ÙÚnPIN4 A PIN11oâ»���
�� PIN1�PIN2. PIN3âÐ:äåÁæÙÚ�
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� 4.3: xu@ALO0tuL- 2V vw�4�

; 2V ÙA¸´£�¤éêÙÚôðØ¤�?i�M���nbo�±
t 4.3 � PIN1�PIN2 . PIN3 �Áæñòâ GNDèPIN4 A PIN11 �Áæñò
â 2V Bá�F PIN1�PIN2. PIN3.´£�¤ÙÚnPIN4A PIN11oâ»�
���� PIN1�PIN2. PIN3âÐ:äåÁæÙÚ�

��n�o@�éê�ëÝ�`ìÁæÙÚ

G9 3.1 ���¨��t 3.3�z��V�M�ÕÖâ��	H 2V .
GND Ù�ÙÚ�-. AD/DA/	�­�¤ÙÚ�Áæ�h�� matlabM�
�	��Áæt���áâ�\pl����ýh¯°�º»�Æ�@�é
ê�ëÝ�`ìÁæÙÚº

�A� 2V � GND ÙAéê�ëÝ�`ìÁíÙÚ�éê�ëÝ�ñòÙÚ
� PIN4. PIN5â��ª�áâ�lJ�º

�1� 2V ÙAéê�ëÝ�`ìÁíÙÚnPIN4o�GND ÙAéê�
ëÝ�ñòÙÚnPIN5o�
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��t 3.4 �mn 3.4o��ÇA�¯°±t 4.4 �­^´£�Î¤
ÙÚ�Áæñò»<ö$�ö V6n¶ 1.33Vo�óÁæñòâ 2V

nV4o�ÙÚnPIN4oâØ¤éê�ëÝ�ÛÜÁíÙÚèó@�
´£Î¤ÙÚÉØ�þ�ÁænV11 = 1.53VooÙÚ�é@��Ø
¤éê�ëÝ�`ìÁíÙÚnPIN11o�­^�ºc�éê�ë
Ý�`ìÁæ�ÙÚ�

� 4.4: 2V L- PIN4yGND L- PIN5

�2� GND ÙAéê�ëÝ�`ìÁíÙÚnPIN4o�2V ÙAéê�
ëÝ�ñòÙÚnPIN5o�
��t 3.4 �mn 3.5o��ÇA�¯°±t 4.4 �­^´£�Î¤
ÙÚ�Áæñò»þö$�ö V6n¶ 0.68Vo�óÁæñòâ GND

nV4o�ÙÚnPIN4oâØ¤éê�ëÝ�ÛÜÁíÙÚèó@�
´£Î¤ÙÚÉØ�<�ÁænV11 = 0.47VoÙÚ�é@��Ø¤
éê�ëÝ�`ìÁíÙÚnPIN11o�­^�ºc�éê�ëÝ
�`ìÁæ�ÙÚ�
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ó´îÙä�nAoã:h�J�»�Ä�:h�Áæ�����
��h��6m@�éê�ëÝ�`ìÁæ�ÙÚ�

� 4.5: GND L- PIN4y2V L- PIN5

�B� hØðéê�ëÝ�ñòÙÚîï
2V . GND ÙAhØð�éê�ëÝ�ñòÙÚ�� PIN5 . PIN6 â
��PIN5. PIN6Ø¤Ù 2V�Ø¤Ù GND�
��t 3.5 �mn 3.6o��ÇA�¯°±t 4.6 �­^´£�Î¤Ù
Ú�Áæñò»�hØ�Îan¶ 1Vo�­^�ÃÁæñòâ 2V �
GND à�¤ÙÚ�S�­�¤ÙÚâhØð�éê�ëÝ�ñòÙ
Ú�ýâéê�ëÝ�`ìÁíÙÚ��Ã­�¤ÙÚ�)´£�ÙÚ
�Ãë��ÑA@Aî
�éê�ëÝ�`ìÁíÙÚ�
ó´îÙä�nBoã:h�J�»�Ä�:h�Áæ���;@A¸
Ððéê�ëÝ�ñòÙÚ��é�ÈÞN���¤ÙÚßâéê�ë
Ý�ÛÜÁíÙÚîï�
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� 4.6: 2V L- PIN5yGND L- PIN6

�C� ýhðéê�ëÝ�ñòÙÚîï
2V . GND ÙAýhð�éê�ëÝ�ñòÙÚ�� PIN5 . PIN7 â
��PIN5ÙM 2VèPIN7ÙM GND�
��t 3.8�mn 3.8o.mn 3.9o��ÇA�¯°±t 4.7�@�´£
Î¤ÙÚÉØ�þ�ÁænV11o�éâØ¤éê�ëÝ�`ìÁíÙ
Ú�
­^×�l6m@��Ø¤éê�ëÝ�`ìÁíÙÚº

�1� ß 2V ÙA0@��Ø¤éê�ëÝ�`ìÁíÙÚnPIN11o�
­^Ùä�nAo�n1o:h�����Áæ	�ë��	HnAo
�n1o�¯°�@��Ø¤éê�ëÝ�`ìÁíÙÚ�

�2� ßGNDÙA0@��Ø¤éê�ëÝ�`ìÁíÙÚnPIN11o�
­^Ùä�nAo�n2o:h�����Áæ	�ë��	HnAo
�n2o�¯°�@��Ø¤éê�ëÝ�`ìÁíÙÚ�
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� 4.7: 2V L- PIN5yGND L- PIN7

�D� éê�ëÝ�`ìÁíÙÚîï
2V . GND ÙAéê�ëÝ�`ìÁíÙÚîï�PIN4� PIN11�ý8
% 2V ÙA¸ PIN4�GND ÙA PIN11è$% 2V ÙA¸ PIN11�GND Ù
A PIN4�­^éê�ëÝ��yÜ��­^÷ÙÚø���ýÁ%Á
û���Fýh�kOÿ�aw?5ªÁæ	�¯°ýh��ÔA�
O8<þ;:è�	�Áæ��Ã¸Áæñòâ 2V . GND à�¤Ù
Ú�K�´£Î¤ÙÚ�Áæñò?G9�kaw�ýhóýh�±
t 4.8�ÀÓ(
Æ 2V . GND 0aÙA¸éê�ëÝ�`ìÁíÙÚ
îï�­^×�l6m�
Æº

�1� ß GND ÙA´£Î¤ÙÚ�ôðØ¤nPIN5 A PIN10 ô�Ø
¤o�­^Ùä�nAo�n1o:h�����Áæ	�ë��	
HnAo�n1o�¯°�
ÆÙÚâéê�ëÝ�`ìÁíÙÚ�
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�2� ß 2V ÙA´£Î¤ÙÚ�ôðØ¤nPIN5A PIN10ô�Ø¤o�
­^Ùä�nAo�n2o:h�����Áæ	�ë��	HnAo
�n2o�¯°�
ÆÙÚâéê�ëÝ�`ìÁíÙÚ�

; 2V . GND ÙAéê�ëÝ�`ìÁíÙÚîï�Áæ	�¯°?
B�kawó×�ýh�

� 4.8: 2V L- PIN4yGND L- PIN11

aõ�M�ºc@�¸�¤éê�ëÝ�`ìÁíÙÚîï�S���
�@þ�âéê�ëÝ�`ìÁíîÿnPIN4o����@<�âéê�ë
Ý�`ìÁíïÿnPIN11o�ß PIN4 ÙM 2V�PIN11 ÙM GND ����
?éê�ëÝî¹Ü��

��nÐo�×ÙÚþã©ª

ß�¤éê�ëÝ�`ìÁíÙM 2V �� GND ����ÄÈÜÕÖ�
	���
�n�^6o^ÌØ¤ÙÚ�Áæñò���Áæ���r¿�
��<þ������45ÙÚS��©ª�×Úa�c�
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õt 4.9 �Ð:äåÁæÙÚÉ�Ø¤ÙÚ���þ�ÙÚ�S�â a

:äåÁæÙÚ�Áæñòâ Ea��� Ea õïAî�r¿��aÍÎ�õ
öÐ:äåÁæ|Á�vù­:Ê 120 >�­^Áæü<ö Ea �â Ec�S
�ÙÚâ c:äåèÁæüþö Ea �â Eb�S�ÙÚâ b:äå�

� 4.9: QRm�	P�!
s�4LO

Ã¸Ð:äåÁæÙÚ��¤éê�ëÝ�ÛÜÁíÙÚK�N��Î
¤ÙÚ»âéê�ëÝ�îïñòÙÚ�0ÈhØð�éê�ëÝ�îïñ
òÙÚ��â�:�� H+

a . H−a â���Ä�hØð�éê�ëÝ�îïñ
òÙÚ���:P=ºörèýhð�éê�ëÝ��ñò?×Ø:aÊ�
B­:P0ýâr�± H+

a +H−b �ßÎ¤��ñòù­��:P�:P¯°
âr��âhØð�éê�ëÝ���±t 4.10��@�Ððýh�éê�
ëÝ�îïñòÙÚ��ßhØð�éê�ëÝ��¤ñòÙÚ��ÙÚ�
�þ�ñò� ÙÚ��<�ñò�;�hØð�éê��ñò�­^Âh
@�÷�éê�ëÝ�îïñòÙÚ�Á%�ß´��Øðþã�Ð�éê
��ñò´¯°��â Ho

cn$ −Ho
coFHo

bn$ −Ho
boFHo

an$ −Ho
ao�



Ø 4Ù VWÂg�VW¯° 55

� 4.10: zt��@ABCDF�{a!./y|z�}~

@�¸Ð�éê��ñò��ß­Ð�éê��ñò� Ea C@�h�
� Ea õïAî�r¿��âÍÎ�Ð�éê��ñò� Ea ×ýh�:a
Ê�B­G9´r¿������G�â Ho

cn$ −Ho
co Ho

bn$ −Ho
boFHo

a

n$ −Ho
ao�Á¦@�Ð�éê��ñò�r¿���G9´��)ìA�

ßâéê�ëÝ HcFéê�ëÝ Hb .éê�ëÝ Ha�

Ho
c �r¿��¼�âõïAîèHo

b �r¿��¼�âõîAïèHo
a �

r¿��¼�âõïAî�ó −Ho
c �r¿��¼�âõîAïè−Ho

b �r¿
��¼�âõïAîè−Ho

a �r¿��¼�âõîAï� ¡Ð�éê��
ñò�r¿��¼����Q����ÇÈÐ���ñòßþãâ Ho

an$
−Ho

aoF Ho
bn$ −Ho

boFHo
cn$ −Ho

co�ÇÈhØðéê�ëÝ�ñòÙÚ
îï�î
�45S��±t 4.11.t 4.12�



Ø 4Ù VWÂg�VW¯° 56

� 4.11: @AF�GH Ho
c*Ho

b [ Ho
a � Ea �XY

� 4.12: @AF�GH −Ho
c*−Ho

b [ −Ho
a � Ea �XY
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M�t 4.11 .t 4.12 0ýâ�×��J��Ð���ñò;×��%
Ho
aF −Ho

bF−Ho
c�×÷lýh�ð��MtÁ%���¨�õö«89%�

�r¿������º»�B­ýÔ¯­�

t 4.13âVW^���ë����B'×ÞÙâ��ÙAÕÖ��ä
M��á'�Ô�ñòä� AD/DA /�ãC��ÀÞ:Þ�ß	�A�Á
æñòT�AÁ�q��kí�_���kÉø×ÌØð�6���ÙäÝ
njumpero�ßÕÖ�ôØ¤ÙÚ� 2V $ GND :À�

� 4.13:O#�6pq��C��
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4.2 �
%&'��0)

ßÕÖ�ÌØ¤ÙÚS�©ª|��aõ«89f��6m���ë�
ÕÖ���¹� Kt�­ÇUVWIt 4.14ãº�­^ÕÖ-.�Ù�ßà�
î
�ÙÚÙAÛÜ IC ��´µ='Á�M�¨�?ÕÖî¹�Ü���
ëÕÖ���¹� Kt�h�� Visual C++ ���iJ�X6`?�#�Á
�MÑÙ�����ß�ë¯°©z�Á���M�

� 4.14: �<��,C�r'(�

´ÉÂgÁ�Lr±t 4.15�z�a�õã�Á��ðªº

� 4.15: �<��,C�r���R'(�
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�1� C@Ý
C@ÕÖM�éêñò�a.åÅÝ�Ò5ñò4ÛÜÁ��?ÕÖ�
�1:
����C@Ý�ßÕÖMéê�ëÝ�ñò H+

aFH−a �âC
@Ý�������
�^�C@��¯°âØ6��ß­6��âå
ÅÝ�ÃÄñò�ÃÄåÅÝß¡�� Hn2.6Vo$ Ln2.4Voñò�
âÒ5ñò�_`4ÛÜÁ��;��ëÕÖ���¹� Kt ^���
åÅÝ��ßaõC@Ý�¡��ÒñòT�AÛÜÁ�M�?ÕÖ�
�ª1:
��

�2� åÅÝ
ÙÔ����âÕÖÐ:
��1:
�����ÛÜÁ�ÙÔ�lý
h�ñò��ÕÖ�Ð:[m$1:[m�
���iJ�Æm-.
AD/DA /��a��i���4åÅÝ��ÕÖ�Ð:
�.���
���A1:[m�
��

�3� RæÁ�
_`ÛÜÁ���´µ IC�¦�Áæ�a�% LM7805. LM7812�É
Ræ IC��ØÉÑÒÁæ��Ý��ß 12V �â +15V �� −15V _`
4ä<Ý�

�4� ÛÜÁ�
�ÕÖÞÙ�BA6849âa�ÛÜ IC�ßÕÖ�î
�ÙÚÙA BA6849�
���iJ�Æm-. AD/DA/�ãC��i����45 BA6849Á
æñò�±­Ø����?ÕÖ�Ð:[m�
��h^ BA6849 �Ù
ÔM�Ò5�ñò��ß c :äå� BA6849 ����?ÕÖ�1:[
m�
��

�5� å�Á�
ßÕÖM�Ð:Áæñòa.ä<Ý�å���aõ AD/DA /	�´
Áæñò4 PC�ÕÖ�1:[m�
�^�ßà�� AD/DA/�ãC
��ÀÞ	�´Ð:hÁæ�ñò��a.Æmkí§Ç´¿Òñò�
Ð<þ���ÇÈ´��¹��À1:
�^��?×Ø��|æñ�
¯­"í�¯°���PMå�Ý�å×ý¦���|æñ�
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�6� ä<Á�
õö AD/DA /�ãC��ÀÞ!Sª	�}~ −10V A 10V�â¸�

ç<�Áæñò���ä<ÝßÁæG9ØSC�èþ�����
AD/DA/�ãC��ÀÞ�

�7� ='Á�
¼½éÁÝ�êë IC���âÕÖ���ª1:
�[m^���
AD/DA /��a��45ñò�ß c :���ÛÜÝá��êë IC �
â��Âg�����QÆm��Áí¨?_`4Âg��
ýß��
Áíìã�

��0ÈÌØ¤ÙÚ�ÕÖ�ÙA�M�Âg����yë��õöÕ
Ö¯�O^����OÂÓ(_`RS��OÁÒ�PMÑÉOP×�Å
´�ªá�Êè���Ó(
ÆÑÉÕÖ��_`���¹� Kt $â:=
��Ò!âh�ÙÚ���ÕÖ�­^Á¦¡��k������<ë��
�¹� Kt��â�¡äM<ë�kí���GH�;�áçýh¶¸ÕÖ�
��¹� Kt ^�â¸�
ÕÖÔÕ$%ÂgÖî����ÕÖbÜÚab
Ü�cÂg�<ë�î
�ÙÚ���G9î
�ÙÚÙä��ÕÖ��¹
��ëÂgÞÙ��é��ë�ÕÖ���¹��

ÕÖ��¹��ëº

��-. AD/DA /�ãC��45 BA6849 � EC � ECR Áæñò�;
�ÁÒ���ÕÖ�Ð:[mî¹
��­^ BA6849�ÙÚM?¡� FGñ
ò�aõ AD/DA/�"^Ý	� FGñò�|u��P�"í��ÇÈÕÖ
;^����ÕÖ�>Ý��;)ëÕÖ��AÖØS��^�aõ AD/DA

/��a��45�añò�?ÇåÅÝ���­^aõC@ÝÒ5�éê
ñò�_`4 BA6849�����éÁÝ? c:äå���±­ÕÖ��y�
1:[m
��Ù��H%�� AD/DA /�ãC��ÀÞ�	�1:
�
[m��Va�Vb�. Vc Ð:äå�hÁæü�ÇA Vw(t) ��ß Vw(t) ��á
kí��ß´¿Òñòá��wü������ÈÞ­ÉÕÖ���¹��
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ÕÖ�1:
�[m��À� ab �:ÁÒó c :â����n±
t 3.10o�Ð:hÁæ��±t 4.16 �z� DHa â H+

a � H−a a.C@Ý�
��¡��6�ñò��Ä� Ha �
âÁÒ���GH�

� 4.16: l!m�U�!�4./�

ßÐ:Áæ��	Hmn 3.12o�mn 3.14o�P�kí.���Ç
Vw(t) ��á.� Ψ ���±�t 4.17�´É Ψ0 âØÑÒMæü��t� Ψ

0� ´ÑÒMæü��N�¿Òñòªá�

t 4.18âVW^���ë����B�v×ÞÙâ��ÙAÕÖ��ä
M�Bï�Ô�ñòä� AD/DA /���A�ÀÞ:Þ��ÃÄ��$´
µãC���_��´îÁ�±z�t�¨º¼½ÛÜÁ�Fä<Á�FR
æÁ�Få�Á�FC@ÝFåÅÝ�Ø�='Á��
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� 4.17: Vw(t)[���i Ψ�./

� 4.18:�<����C��
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4.3 �
,-.,/�0)

!S LCR METER _`Øö×ÑÒMæ�ú�ÁÒ��ÕÖ�ô��:
äåÞÙ��yë��VW^��ÇUVW±t 4.19 �¼½IpJ� LCR

METERFKLÁí� GPIB /�KLÁí_`´ÑÒMæ�GPIB /%â¸
�?�#��ÑÙ�Á�M�� LCR METER�­^;ßà�ÇÈÕÖ�Ð
:äåÁæÙÚ�aw�¨��ì�ë�� Visual C++���iJ�X6`
?�#�Á�MÑÙ�����ß�ë¯°©z�Á���M�

� 4.19:�c��B,C�r'(�

VW^��Ðlýh6(���l|u��ë�hØÉÕÖ�Áû�
Á��ØØl6(âTU6(�ÑÙ?� LCR METER �ë�ýP�KLM
æèØ�l6(â«9_��6(��_`KLMæ4ÕÖ�äå���ì
�ë�Ü�èØÐl6(âßÕÖ�kõô�6(�?�K�ßÕÖ�kû
S�hØ�aw�­âðÎü����VW6(�C)�VW¯°±� 4.1

F� 4.2 �LCR METER �!SsÄý·:h�«VW?�\òâ ZM2353 �
LCR METER�´�ñ|u!Sâ 40 Hzè��|u!Sâ 200 kHz�º

2 4.1:��|z��,C��
�c��

|u (Hz) TU�ë�6( «9�_�6( �kûS�ë(
40 1.7 Ω 1.62 Ω 1.6 Ω

1000 1.69 Ω 1.68 Ω 1.68 Ω



Ø 4Ù VWÂg�VW¯° 64

õ� 4.1�È�?� LCR METERnZM2353o�ëÕÖ�äÁû^�ý8
!Sâ�|$%ñ|�´�ë¯°»:=�

2 4.2:��|z��,C��
�B��

|u (Hz) TU�ë�6( «9�_�6( �kûS�ë(
40 – 0.31 mH 0.31 mH

1000 0.30 mH 0.30 mH 0.31 mH

õ� 4.2�È�?� ZM2353�ëÕÖ�äÁ�^��ñ|�?�TU6
(�ë�?5ªÕÖ�k�×Ü�F�ë¯°�F�aw?¡�ò<�Ó
á�ýP�ó^�ó«9_��6(��kûS�ë(�»�ÇAh��Á
�ü�Wò«9_�6(��ë¯°î
�ó��|^�?�Ðlýh6(
�ëÕÖäÁ��¯°»:h�à%BâÕÖ�kG.ÕÖ�Âu|���
kÓ(�^IM!S�NO|u�FìÃ¸�ìÁÜ��¯­�Ðl�ë¯
°,ô:h�
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(12345

G9«89�¼_��Z8�VW6(��¡L¥�¦�~��«89
��!"4�Ðl�ëÕÖ3ú'��Âg�_`4ÕÖ�45Å¶�â<
ë�GH���â¦ÕÖÚabÜ�cÂg§���­Âg�ßÕÖ�ÌØ
¤ÙÚ�î
�þã�ÈÞ¸î
�ÙÚ|�����/³Å�á�^ø�
���
5ªÕÖÍsÕî$%ÂgF®èÿ��Ù����Z��±�ë
ÕÖ'��ÃÄÕÖ�>��Ø�â¦ÕÖ��¹��ëÂg§���¹�
���ÕÖ���<þ�������­Âg������ë�0ÈÙÚ�
ÕÖ���¹� Kt ��âhØõÕÖ�¶�º»´��¹��c�GH�
ØÐâ¦ÕÖÁû�Á��ëÂg§�ÕÖÐ:8ð�%::=���âÕ
ÖÃÄú<ë�ØöGH�ó�ýh|u�ë���@��ýh|uNO�
5ª�¯­�

5.1 �
���� !�1

	HØÐÙ��c(d��ØpÙ�VW¯°�«89z[��ÒÆ�
?ÕÖÚabÜ<ë�6m��V-�0>÷�?�c�^øèø����
ÖAÚa�c��§�0�� AD/DA /�ÃÄ��� �	��_���
� Visual C++��iJX6��`?�#ÑÙ�Á���M��Âg�V�
4��ÂgV�t±t 5.1���ÂgõÁ�M��i��èót 5.2âÕÖ
�Ùä�ÞÙt�Ùä�M×ÙäÝnjumpero�`?�#���

65
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� 5.1:��O#�6pq�r��

� 5.2:���L
��L�
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t 5.3 âÕÖÚabÜ�cÂg|�iJ��X6�ù6MbÈ?�#
Ùä6m�â¸�ö���Fù6�m�Ùä�:h���X6Mç×p�
úû�ác���a��Ð�ºcPM���ë�

� 5.3:��O#�6pq�rE�������

��Q��X6��AD/DA /����a�����ßÂgM���
���­^Áí�`ìAÂgM�×�¦�ÙÚ�Ù���G9�¼�Ð�
���Ü��ÕÖÙÚ�<ë�

��nØoßÐ:äåÁæÙÚ�´µ�¤éêÙÚ�á��
��n�o@�éê�ëÝ�`ìÁæÙÚ
��nÐo�×ÙÚþã©ª

���@�Ð:äåÁæÙÚ�B­ßÕÖ�ÌØ¤ÙÚôðØ¤ÙA
2V�ú�úûn1o��Áæ	�º»�Ü��â¸?�#6��±t 5.3�
z�ßØÌØ¤ÙÚÙM 2V�´£ÙÚâüÙ���º»Ð:äåÁæÙ
Ú�ÒÆt±t 5.4�­^��@AÐ:äåÁæÙÚ±t 5.5�­ÉÕÖ�
PIN1FPIN2. PIN3âÐ:äåÁæÙÚ�
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� 5.4:O#�6pq��t7��

� 5.5:���!
s�4LO
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@AÐ:äåÁæÙÚ��Ù���G9ù6�zÙäé�ë��­^
0ßÐ¤ÙÚ�Ã�)öN��¤éêÙÚ��Ø������Z�@�é
ê�ëÝ�`ìÁí�¤ÙÚ�

G9tzß 2V . GND ÙAtM�aw��ú�úûn2o�Áæ	�
º»�Ü��	H 2V . GND ÙA��¤ÙÚýh�?×ýh�ë�¯°�
FýhÙÚ���ÕÖ�¦ë��ý�ý:h�ÑA@Aî
�éê�ëÝ
�`ìÁíÙÚ�´ÒÆ±t 5.6�

	Ht 3.3�ÒS R1 = R2 = 200Ω�â¸6��¨��Ã 2V � GND �¤
ÙÚ�ß´£Î¤ÙÚÁæ�Ñý	�Áæ|��G9Áæ<þ�\âº
VA > VB > VC > VD > VE > VF��¤ÙÚG�â PIN(2V)FPIN(A) · PIN(F)F
PIN(GND)� A · F ác)ìAýh�ÙÚò�����¨	HÁæ	�¯
°ýh�ó×ýh�º»�

�A��� 	Ht 3.4�mn 3.4oFmn 3.5o
n1o	��¤ÙÚÁæ�0P��\<þ���i- Vf > 1.2V�
d PIN(2V) âØ¤éêÁíÙÚèPIN(E) â�Ø¤éêÁíÙÚ�
n2o	��¤ÙÚÁæ�0P��\<þ���i- Va < 0.8V�d
PIN(GND)âØ¤éêÁíÙÚèPIN(B)â�Ø¤éêÁíÙÚ�

�B��� 	Ht 3.5�m 3.6

	��¤ÙÚÁæ�0P��\<þ���i- Va ≈ Vb ≈ Vc ≈ Vd ≈

Ve ≈ Vf ≈ 1V�d PIN(2V) . PIN(GND) âhØðéê�ëÝ�îïñ
òÙÚ��Ã­�¤ÙÚ��� 2V ÙäÝnjumpero. GND ÙäÝ
njumpero�A´£ÙÚ�ë��;@A¸Ððéê�ëÝ�îïñò
��N���¤ÙÚéâéê�ëÝ�`ìÁí�ÙÚ�

�C��� 	Ht 3.6.mn 3.8oFmn 3.10o
Ã¸nAonBo�Áæ	�¯°�K�­^ VA · VF ×�×ñ��ß
GND ÙäÝnjumperoÙA PIN(E)���ë��

�D��� ­^éê�ëÝ0�yÜ�
Ã¸nAonBo�Áæ	�¯°�K�­^ VA · VF ×�×ñ��ß
GND ÙäÝnjumperoÙA PIN(E)���ë��
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� 5.6:O#�6pq���7��
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­^éê�ëÝ�`ìÁí�ÙÚ0¯@��S�ÙÚ��@þ�âé
ê�ëÝ�`ìÁíîhÙÚèÙÚ��@<�âéê�ëÝ�`ìÁíï
hÙÚ�ß 2V ÙM¸îÁíÙÚèGND ÙM¸ïÁíÙÚ�­^éê�ë
Ý0¯ÙMÁí�0�yÜ��ó´£�Î¤ÙÚ�»âéê�ëÝ�ñò
ÙÚ�

� 5.7:��@ABCD��V���LO

�ÕÖ�����^6
��h^ú�úûn3o�Áæ	�º»�Ü
��2V � GND ßàî
�ÙAéê�ëÝ�`ìÁí�ÙÚ�	�ÕÖ�
��
���Ð:�ìÁÜ����Î�éê�ëÝ�ÙÚñò��Æm�
6�ºc�����ß�×ÙÚS�©ª�
n1oS�Ð:äåÙÚ
���
�^�S�Ð:äåæÙÚÉÙÚ���þ�ÙÚâ a :äåÁæ
ÙÚnE1o�	H��
�^Ð:Áæ��ìÁÜ��S�� b :äåÁæ
ÙÚ� c :äåÁæÙÚ�
n2oß��Øð�éê�ëÝ�ñòþã
Î¤éê�ëÝ�ñòÙÚ�ô���¤���:P�:P�¯°âréâ
hØð�éê�ëÝèýâr�d:�
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n3oÐðéê�ëÝ�Ð:Áæ~)
ßM��@A�Ððéê�ëÝñò�hØð�ñò��:��ÇAÐ�é
ê��ñò��	H� EanE1oõïAî�r¿��âGH�ßÐ���ñ
ò�r¿��G�@��0~)AÐÉéê�ëÝ�h^	HÐ�éê��
ñò�r¿��¼��Q��ßhØðéê�ëÝ�ÙÚîïS����
´ÒÆt±t 5.8Ft 5.9�

� 5.8:O#�6pq���7���t�
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� 5.9:O#�6pq���7�����

^­ÕÖ�ÌØ¤ÙÚ0¯©¤S�©ª�±t 5.10Ft 5.11�ÕÖ�
ÌØ¤ÙÚ×ûS����Á�45´ÉÐ¤S��	H´����ß�×
ÙÚþã©ª�bìS��¤âéê�ëÝ�`ìÁí�ÙÚ�´îïS�
�þÿè�Ø¤â a :äåÁæÙÚ�ç×Ðlýh+L�B­)ìA�Ð
ðéê�ëÝ�ñòÙÚîï.~)Ð:äåÿýh��×ýh�ð�6
m�%�?ÕÖî¹
��óßà���%�9ÉS�â�^667âî7

��
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� 5.10:��LO	P ¡

� 5.11:|z��O#�6pq��
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5.2 �
%&'�0)�1

	HØÐÙ��c(d��ØpÙ�VW¯°�«89z[��ÒÆ�
?ÕÖ��¹��ë�6m��V-�0>÷�?�c�^øèø���
�ÖA��¹��ë��§�0�� AD/DA /�ÃÄ��� �	��_
���� Visual C++ ��iJX6��`?�#ÑÙ�Á���M��Â
g�V�4��ÂgV�t±t 5.12�

� 5.12:���<��,C�r��

t 5.13âÕÖ��Ù�ÞÙt�BâÂgM×ûS�Úa�ÙAÛÜÝ
�´µÁ��Fßà?��Ù��?�#ßà�î
�Ùä6mÙä�ÕÖ
ÙMÂg�¨�î¹
��0�ë´��¹��Áæ¹��

t 5.14 âÁ���á'â SCSI ÞÙâ�AD/DA /-.�ÙäT�ÃÄ
��$Ù�ãCñò��â"íè��Ùâ�Á�Ùâ-.��ä�Á�
ä���Ù�ÞÙ�óÁ���qLÁ�±t 4.15����
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� 5.13:����L��L�

� 5.14:���<��,C�r��R�
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t 5.15âÕÖ��¹��ëÂg|�iJ��X6�ßÕÖ�î
Úa
ÙAÂg��Á�ú�úûé�y�ëÕÖ���¹��Áæ¹��á'�
bì!SMs��s��â<ë�ðÎè0õá'�i�Ä��á�¯°�

� 5.15:���<��,C�rE�������

�Q��X6��ú�úû�?ÕÖõÐ:
��y�AÖØS��
����ª1:
��à%BâÕÖÑÙ�1:
�^���?×����
�Ð:
�Ö×���3ú�AÖØS������­^×!��l���
�ÕÖM���ª1:
�Hý?[A���FÕÖßS��1:[m�

��ÀÒ?S��éê�ëÝ Ha�´��ñò×Óá�FÓ(45Aî

�ÁÒ�:�ÕÖHÓ(���1:[m�
��

�ÕÖ1:
�^�	�Ð:hÁæ���P�"í0�á.���Ç
AÕÖF:���¹� Kt�ª Kt = Ke� Ke âÕÖF:�Áæ¹���iM
õö1aýhF5ª���×Ê�ó	H�iJ�!S�M�s�bÈë�
³Â´ë�¯°%:À.ë���á¯°���h^Möá'��iM��
�ÒÆt±t 5.16�
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� 5.16:���<��,C7��

�á�¯°âØú�nt 5.17o�´�Ð�P�"í�éâÕÖ���
¹� Kt �Áæ¹� Ke�Ò?��¹� Kt aö?�#�!SM�s|ø��
�ðÎ�©z¦PASS§è;ý��ðÎ^�©z¦FAIL§���¡äM��
����¡��k<ë�±­���âpÌ�GH�
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� 5.17:���<����4��,C��

5.3 �
,-.,/0)�1

;��ëÕÖÁû�Á�^�h�!"¸Ø��iJ���X6�-.
GPIB /� LCR METER ÞÙ��Á���Mé��� LCR METER�Áû�
Á��ë¯°é©z�Á���M�V�ÃÄ�Âg±t 5.18�;Ð;ßà
T�ÇÈÕÖ�Ð:äåÙÚaw���� LCR METER �ë����ÕÖ
�ô��:äå:Þ�é��y�ëÕÖ�äÁû�äÁ��±t 5.19��
�h���ë6(�Ò?âpäm�ÕÖ�ßë��ÞAÕÖ�É�:��
ô�Ø:äå�é��ÇÕÖ�:Áû�:Á��

�ë^!S LCR METERâ�ë Z 6 θ �<þ |Z|�:a θ�ª0ÈÕÖ�
Áû�Á�ª� Z = R + jωL�F

Z = |Z| cos θ + j|Z| sin θ = R + jωL

"í|��Ç�ë¯°�´É ω â!S�NO�ë|u�

R = |Z| cos θ � L = |Z| sin θ/ω
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� 5.18:���c��B,C�r��

� 5.19:��� LCR METERC�¢�L�
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´�iJ��X6±t 5.20���!SâÓMæFqLMæ$%KLM
æâýh��ë[m���Wò«9_��6(�

� 5.20:���c��B,C�rE�������

´�ëÒÆt±���ë�¯°��?©z��iJ���X6M�

� 5.21:���c��B,C7��
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5.4 �
23.,40)�1

­^0aÈÞÕÖ�î
ÙÚ���¹�.ÁûÁ�ü�~�¡L¥�
�§�«89;h^��¸C��áÃÄÝ�h��� Visual C++��iJ
��X6���ÃÄÕÖ���ÇÈÃÄÕÖ��^����h^���ë
ýhÕÖ�h�ÛÜÁæ���ÖA��<���-.ÁÒ��ëÁÒ��
 ¡ÃÄÕÖ�ýh��^�äåMÁÒ�RS>�

ýh�ÕÖ;õö´��¹�.ÁûÁ�×Êè�FÃÄ^�RS>;
ýØ����iqN��������ü���ýh������ýh�Õ
Ö���âÃÄ6�tº

� 5.22:£3¤¥�¦�

aõ BA6849� EC . ECR �ÁæÊ���?ÕÖP�$�����­l
3ú�!"C��áÃÄÝ��ÃÄÕÖ�������ë���X6±�
t��ÃÄ 1000 A 10000rpm ����!S����ú�úû��y�ÕÖ
�ûS���
��0��)ëâ%:×ïn�����×ïn�J�^�
:h���ÁÒü@<��iM���úû�����ýh��^�â¸�
ÃÄÕÖ����¦���ü<þ�±t 5.24
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� 5.23:���£��7,CE�������

� 5.24:§¨©ªJ«¬­|zS®

ó�����ÁÒ�ëÂg�´�V�ÇU���¹��ëÂgãº�
BA6849âa��ÛÜ IC�KÙÁÒ�ßÒaÕÖäåM�ÁÒü�ë|��
©z���X6M�ÆmÃÄ��%����� BA6849 � EC � ECR �Ã
Ä���h�-. AD/DA /�ãC��ÀÞ���+���Áæ�Æ��
ÃÄ�Ü��óÕÖ���h�õ BA6849 M� FG �¡��������
�>�C@�ßáÊ�C��áÃÄÝ��â=ºör�
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6.1 ��

ÕÖ45¶�ë�³Â�ë�ýh¶¸�²³ÂÕÖ^�ßàT�ÇÈ
ÕÖ�ÙÚ�¨�ßÕÖÙA«â�ÛÜÝ�?ÕÖî¹k��;�ÇÈî

ÙÚ��¨���«â�¶�ÕÖ�«â!"�Á��C@�F«89_
`Ø���ñ6���cÕÖÙÚ�6(�_`4ÕÖë�³Â��/��
�á(�^ø�

��¹� Kt ��AÕÖ«â�ú�F��<þ�����Å����
«89��±�ö����F6�FñÎ
��ë���¹��­6(�i
-��=>ÕÖ�¡¶_�´p	°ò�a.¤6ñ����S�*�ý

p��_`?�#�p	�°ò�

ÕÖ�Áû�Á��ëÿâÕÖ�cqò���Og�@A�Áû�Á
��~��?ÕÖ�äú>@A�FÃÄú;C@j�ÕÖ¶45ÕÖ^<
ëÕÖ�Áû�Á��<ë¯°��â�¡äM�âpÌ�GH��`1�
LCR METER�_`ö×ÑÒMæ�¿ÒNOÁÒ�é�?ÕÖ�kûS�
B­�ë¯°;@â"
�
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6.2 5678

]¼�z[�ÕÖÚabÜ�cÂg®â�\Âg�ßà?�³Å��
�Ùä���h�z[���-. AD/DA /��a����ÃÄ����
��h��� AD/DA /	�ýhÙä6m��ëA�¯°����ß�ë
�¯°©z�Á���M�

óÕÖ��¹�<ëÂg66��«9_��6(h���æ�A1:

�ÕÖ�	�1:
�ÕÖ�h��ìÁÜ���P�"í��§Ç1:

�ÕÖ���¹���ìÁÜ�¹��ó­^ý¦ÙMÛÜÝ�Á¦�
��$%ÈÜ6m�1:
�ÕÖé�
��-. AD/DA /�ãC��À
Þ�é�"í§Ç¯°�

�ÕÖÁû�Á��ëÂgLr�õö«ýVW?�� LCR METER �
�ñ|u�®�!S� 40Hz�Ó(Ä��¡ñ|^�ÕÖ�ëÁû�Á��
¯°�h���+�ýh� LCR METER��«9_��6(� ¡�ýh
|u��ÕÖ�Áû�Á���ë¯°�
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