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Evaluation of LPF and PCLPF and Development of a Novel Method to 
Solve DC Offset Problem in Vector Control of Induction Motors 

M. Ebrahimi and A. Ghaderi  
Department of Electrical Engingeering, Isfahan University of Technology 

 

Abstract: Stator flux oriented vector control of induction motor (IM) drives for speed sensorless control has several 
advantages. But the application of a pure integrator for the flux estimation is difficult due to the presence of measurement noise 
and dc offset. To overcome these problems, some have used a programmable cascaded low pass filter (PCLPF). In this paper, it is 
shown that some problems still exist and some new problems arise from this approach. In order to solve these  
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problems, a novel compensation method is proposed. In this scheme, the dc offset is detected and subtracted from the estimated 
flux along d and q axes. The simulation results show that it works well in the low speed region as well as in the transient state. 
The oscillation of the torque and the estimated flux are also reduced notably when the torque reference changes rapidly. 
 
Keywords: DC offset, Vector control, Induction motor, PCLPF, Stator flux oriented 
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C� 6�AI� o� H	 ;	9:2I��< 
gF (LPF) 4NO M&�-6� �J 2I��Q< �QJ 

P�5 m��L 6IF �	6@�&	 R�����	6-�.�	6Q@�&	 �QJ X1
 2�	 
�

 o� m��L 6IF MQ< 
9QL ���Q|	 CQ� $Q� �Q- �9Q� 6QK	 �Q&	9:

dc offset 

� W9|9� 2�	 ��- ;	6?5 	7=��Q`� 6Q�H $Q|��
 

��	 R�� R�	� ;�E&.

$� m��L 6IF �	6@�&	 o� P	6J ��9& ;	9::

))(1y x
S

=

2�	����`� C� 	
 $(�9&H�J 6�H 7
9f �J ;	9:63�:

)t(0

0 0

ω1y x y
S ω S ω

= +
+ +

 

�J o� ;�6- ���|	M<
9L ����`� ]1� �A�5 �J 6J	6J $��� =�QJ�

iga ]1� �A�5R�� �%�: 1����`� 6�H CO�J$��&��]s.[

)v(
0

1y x
S ω

=
+

��`���)v(6�AI� o� ���0� ;�E&2I��< �Q- �Q�	 R��Q� 
gF

 ;r 
�ω0�Q�	 6Q�AI� 4NO M&�-6� .M&�Q-6� 2Q�	 ��Q'�&	 �QJ

 oT9- $AIL 6����� ���`������`�)v(�J�Q���`� �	6Q@�&	 6QIF

 m��L)s($� o��b& 
�I(J �9Q� .4QNO M&�Q-6� 
� 4QO	1 
�

 6�AI� �S- $AIL2I��< �	6@�&	 �J 
gF b& m��L 6IF $� o�� �9Q� 

]s1t.[

G373��L6$V ?��	
�� LPF 

�QQJ �QQ59: �QQJ�QQ���`�)v(CQQ� �QQka�� 9QQ� �QQ3 �P	6QQJ 
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��� ������	
��
��� �������	 ���� s

~��b& 2I��< 6�AI� �6DA�B /H�� �	6Q@�&	 �6QDA�B �QJ 
gF 6QIF 


	��� �m��Lω0�QJ 6Q@�� i6Q\ H	 CQ�1 ��Q��J ~T93 ���J 

u0�3ω0;	bI� �M<
9L 1 �Q���� u0�Q3 /�1
1 �QJ C516L 

B�J 6�	 2�	 ;	bI� u�	b�	 ndcC� C516L 
� �959� �9Q� .
�

�y&��T >�Bω0
� 6Q@�I�': �9Q� SIQk�: =�QJ P�%�B6� P	6J 

P�%�B6�2I��< $Q� �QNL 
�QT� �9Q� P	6QJ 6Q�AI� �Qy&��T 1

P�%�B6�2I��< ���	� ��9� SIk�: dc offset $516L 
� u�	b�	

����� 1� 
�� 
	�6J �I`O9� �?��[� 
� �NL ��^�	 nB�J$�9� .

6�AI� H	 R�����	 2�	6J��J2I��< P�Q5 �J �J�K 4NO M&�-6� �J 
gF

�	6@�&	 $� m��L 6IF �&	9:J
� ��Q�	9L�& 7�&�Q�9& ��^�	 nB�

 �9� $����	 
9:9� .S0 PH�� �I?� ����& H	 R�����	 �J }AN� 2�	

$� 7�?K	 �J��
.

W3I�	�� <�) <��� 6�J ��: "�0� �H4���� �K� 

�L��dc offset 
��Q� 
� j9Q� 7�DEQ� 4Q�
 /	6J�wwt 4Q5	6� 
� CQ�1
 

]v1w[�� ��	
	 .X1
 2�	 
�P	6J 6IF �	6@�&	 ��QB �� H	 /

2I��< 6�AI�7=��`� �J /6� 
gF:

)w(y 1
x 1 S
=

+ τ
C� R�����	 9��.
	��� �H �J�K �Q06�AI� 2Q�	 ���Q`� R6Q%J 1 C&�

 CQ� �?��[� /9[& �J 1 R�9J 6Ic�� 9Q� �M&�Q36� 6Q0 
� �Q3 �&

 6QIF �	6Q@�&	 ~� �J�E� 6�AI� �� H	 C��& CA3 �6%J 1 H�� 6IL�:

 ���`� }I:6: �J 1 m��L˚wz 1
e

1
ω

����J .
� 6Q@�� i6\ H	

 6K	 ���J 7�?��[� 2�	1φ1 H�� 6IL�: k16Q�AI� H	 CQ��& �6Q%J 

	b5	 �J �9J6�P�'� C&�Q�H �QJ�K �J �3 /
	b�	1τ�Q�	 
� �

�9� ���6F 6k&.

P	6J �?��[� τ6�H �6� �J R�� ��^�	 /�0H�� 6IL�: /1�(: H	 

C� R�����	 9��.

)��(1
e

1 tan
1 S

−∠ = ω τ
+ τ

)��(1
13 ( ) 90

1 S
∠ + ϕ =

+ τ

)�
(1
e

1 1tan (90 )
3
 τ = −ϕ ω  

�59: �J 6@�� i6\ H	�J6QIF �	6Q@�&	 �6Q%J �J >3 �6%J /6J	6J 

`� �6%J 
	��� �m��L ���GC� �?��[� 9��.

)��(1 2
e 1

1Gain(k )
1 ( )

=
+ ω τ

 

)��(
2

e

1Gain(LPF)
1 ( )

=
+ ω τ

)�!([ ]31
e

1Gain(k ) Gain(LPF) G× × =
ω

)�)(
32 2

e e 1
e

1G 1 (ω ) 1 (ω )   = × + τ × + τ   ω

2�	6J��J P	6J 6IF �	6@�&	 	�Q�J	 ����@IQ� ~� H	 /;r�Q� H	 	


 2I��< 6�AI� ��B C&��H �J�K �J 
gF τ�Q���`� xJ�QN� )��(
9Q?B

 ;r Mh� �R�	� �6%J 
� 	
G����`� xJ�N� )�s(C� �6| SIQ�3.

��a�Nf	 X1
 2�	PCLPF C� R�I��& �J�E� ;r �6DA�B 1 �9�

6IF �	6@�&	 ~� �J m��L ��	 .�J2Q�	 >DEQ� �Q3 71�Q�: dc 

offset C� >a ;r 
� �9�]�.[X1
 ~Q� ;	9Q�B �J X1
 2�	

 >DEQ� >Qa 
� ���<dc offset �QJ SI��(Q� /
	�6QJ �6Q��3 
� 

�%5 ,�Q�	6J /�Q`J 7�Q�I�[: 1 �6QN� 
9:���	 
�� CJ��;r

��	 ���6F 7
9f]��#��.[

W373��L6$V ?��	
�� PCLPF 

P	6J �6DA�B CJ��H
	 PCLPF >DE�� 1 /6� 6�AI� ��B �� H	 

�'� 6�AI� C&��H �J�K �D��	 �6� �J 	gQ� 1 R�9J �
bJ /
	b�	

 i6f >J�O ;r 7	6K	 6k&��	�7=��`� )��1�s(C(Q�9&H�J

�&�� .2�	 
� 6Q�AI� 6Q0 YQ�9: R�Q� ��Q^�	 H�� 6IL�: 7
9f

 ���`�˚pz ���Q`� �6Q%J 1 C&�Q�H �QJ�K 6���Q�� 1 �9QJ �0	9L 

M&�36� }(a6JωeB7
�? 	H	 �&:

)��(
e e

1 3tan 30
ω 3

τ = =
ω

)��(2 3
e

e e

1 8 1G 1 (ω )
3 3

 = × + τ = × ω ω

S�(I� �B9�^� ���< 2�	6J��JPCLPF M&�Q36� }(a 6J ωe�

��	 6�H 
	��� ���`� �9� �6| ;r 
� S0 ���`� �6%J �3:
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��� ������	
��
��� �������	 ���� t

)�*(

3

e e
e

e

y 1 8 1 1
x J3 3 31 J

3

 
 
 = × × =  ω ω
+ ω  ω 

 

;��0 �&9F 
� �3 ����`�)�w(C� �ka�� 9�R6%J �2Q�	 C��Q%&

 S�(I� �J 6J	6J
e

1
ω

�J 6J	6J R�� ��^�	 6IL�: 1wz�Q�	 �5
� 

6IL�: 1 R6%J �J�E� ��IO� 2�	 1H�Q� F �	6Q@�&	 oQ� QI m��QL 6

��	.� 6k& �J 6�H 7=�D�	 ��a 2IB 
� C�1 C�
�:

Q��:
� ����`�)�w(�6Q'� 
� 
9Q:9� �Q�gc: M&�-6� �Q���`� 

��	 R�� 60�� .Q��a 
� 
9:9� �- $&��H 
� 2�	6J��J�;9UQ� 

�6'� ��	����`� 6�f j9� R�9J $Q516L 1PCLPF P��QB 


�Q� �?Q��[� �QJ 
��QO 6Q@�I�': 2�	6J�Q�J ��Q�	 �
bJ 
�I(J

���	:
9�Q^I�&
� 1 R�9Q?& a 
� P
	�6QJ �6Q��- ;9UQ� �Q�� 1

R	
 �(I& 6�gh&�D�	 /H	�&	 	g� �P6Q@�� P�%Q�1
 H	 ���J P	6QJ 

R	
 �9� R�����	 PH	�&	.

S:S�(I� ���< PCLPF ���@I� o� �Jdc 6Q�H 7
9Qf �QJ 

��	:

)�z(dc
e

8output  dc V
3 3

= ×
ω


� 2�	 ����`� eω&�-6� 1 
9:9� ��gc: MdcV;�IJ ���	� ����-

 ���@I�dc��	 P�1
1 .;��0 a�� �- �&9Fk$� �;	bQI� ��9� 

���@I� dc $516L S�(I� H	 PCLPF M&�-6� �J ��(J	1 R�9QJ

 u0�3 �J 1;r;	bI�dc $516L 
� C� u�	b�	 �J�� .
� 2�	6J��J

 P�Q0
9[� 
� $�I�': 
�� S- P�%�B6� d1qP
	�Q�� P	
	� 

dc u�	b�	 �B6� u0�- �J 
	��� 2�	 1 ��	 /6�EIJ���� �
� �

;��9& P	
	� 
9:9� 
1��EF �^I�&�9J �0	9L.

U:�59: �J �QD��	 �QJ YQJ	1
 �QJ �9QJ6� R6Q%J 1 $&�Q�H �QJ�K 

PCLPF ����a P	6J 
�F�&�� ��	 R�� ���9& .	g� YQJ	1
 2Q�	 

j��f $�O1 �&	 6IIc: ;1�J S�(I� M&�-6� �-R�9J >O	�Qa �� 1

���J ��- ;r 7	6IIc:.�Q- $��a 
� Y�	6Q� 
� P
	�6QJ �6Q��- �

$Q� 6IIc: ��`�6� 
1��EF 6IIc: �J S�(I� M&�-6� �Q&	9�J �Q: �Q�-

 ��- ��^�	 	
 6k&�
9� 
1��EF .;�Q�H 
� j9Q� 7=��`� 2�	6J��J 

�J �9J6� /	
gF 
1��EF 6IIc: 456� J 1�
�?B 6Q@�� 76QIIc: 

M&�-6� 
�?�B	 ���	�& 16IL�Q: 1 R6%J H�Q� YQ�9: R�Q� ��Q^�	

PCLPF �	6@�&	 �J & ;�(U� m��L 6IF �9J ��0	9'.2�	 >UEQ�

 P�%�B6� 
�2I��< SQ3 
9Q:9� ��gc: M&�36� �3�Q�	 6�EQIJ 

��	 �I�0	 b��a .Y�	6� 2�	 
� 	6�H �4Q56� 
1��EF ���B	 �J

 u�	b�	 ��`�6� S�(I� M&�-6� $�$?(& 6IIc: ;	bI� ;9T 1 �J��

 $� j��:	 $0�:9- 
�I(J ;��H 
� 1 R�9J ���H ��Q��	 	gQ� �6QUA�B

PCLPF $� >�'� �9� .
1��EQF ��Q�B	 �QJ =�J P�%�B6� 
� ��	 

456� & ��Q�H ;	�Q�T M&�Q-6� $?(& 7	6IIc: R�9Q? �Q^I�& 
� 1

�9?O >J�O S�(I� 2�	 �6DA�B �Q�	 .�I?Q� ���Q�& � /H�Q�.�Q�

 �[f /�%AIA[:��=�J.

Y38K�6B� ;K�6��& �K� Z�KP �K�4 "��+ (� ����[ 

dc offset 
dc offset $� nB�J 6IF �	6@�&	 $516L 
� 9���3���.� P�Q0

 
��d1q2I�': �R�� R�H >U��QJ�K �Q��	� �J $�9�I� $A- 

J�� u�	bQ�	 SQ��� }IQ� �J 1 R�6- ��a 	
 �9L Q���ADQ�P�% 

)p#�(1)�#�.(	g�6JP	�QIA': 1 j9Q� >DEQ� >Qa dc 

offset 6IF �	6@�&	 C516L 
� R�� ����?&	 ��%�EQI< 6Q�H �6\

C� 9��./	6J 
9k�� 2�	 RH	�&	 �J 	��J	 P6IF �?��[� 1S��b-�Q�

 � �QJ 1 �6IF �	6@�&	 $516L S�I�I� 1��Q` 
	�Q�� ;r H	 P6QIF

dc offset 6QIF �	6@�&	 $516L
� �Q�� �QJ �Q�r $Q� .MhQ�

�QQ`� xJ�QQN�=�7)��(1)��(H	 1 R�QQ� �?QQ��[� 
	�QQ�� 2QQ�	

 S- 6IF �	6@�&	 $516LC��9� .�Aa6� 60 
� }I:6: 2�	 �J/	

���.� �36IF �	6@�&	 C516L /�0 �9QL >O	�Qa �Q� 6�3	�a H	 

C� 
9?B ����3 7�?��[� ]�^&	 �J 1 R�� 2II`: ���5 6����� 2�	 

Ca�f	 �	6@�&	 �	95 IIc: ���5 
	��� �J 6IF $� 6�J�� .2�	 �J

�	6@�&	 G
�� 6K	 }I:6: �N�	1 �J 6IFdcV dt∫1 �QIA': $Q��L

$� 9��.

)
�(s s s
ds ds s ds dc d off

ˆ(v r i )dt V dt Vψ = − + −∫ ∫ 

)

(s s s
qs qs s qs dc q off

ˆ(v r i )dt V dt Vψ = − + −∫ ∫ 

�J �9J6� 7�?��[�>U�7
9Qf �QJ $���I^�� 7=��Q`� 6Q�H 
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��� ������	
��
��� �������	 ���� v

)�p(

s s s
ds(n 1) ds(n) ds(n 1)

s ds(n 1) dc(n 1) doff(n)

ψ ψ (v
ˆr i ) T V ∆T V

+ +

+ +

= +

− ∆ + −

)��(

s s s
qs(n 1) qs(n) qs(n 1) s qs(n 1)

qs(n 1) qoff(n)

ψ ψ (v r i ) T
ˆV ∆T V

+ + +

+

= + − ∆

+ −

/��&�&1
 >UQ� 
� X1
 2Q�	 )�(�Q�	 R�Q� R�	� ;�EQ& .

��1
1 2�	 /�%�?`5 ���.� 6����� 
� 
9:���	 ;��65 1 G���1 /�0

 P�0
9[�d1q��	 .���.� 2�	 b�9& >��� �0dc SQ0 ���(Q0 .


��Aa6� 7=��Q`� �QJ �Q59: �QJ /�Q`J )�p(1)��(6���Q��

���.� /�Q0
9[� /1
6QJ 
�Q� /�0d1q�	6Q@�&	 �QJ 6QIF H	 /

Q��1 �Q�	 1 
9:��Q�	 G���1 >|��:�X1
 �QJ 1 �Q�1��� /1
 G

C� �?��[� C���I^�� 9��&.�	6@�&	 2�	 $516L 1� >��Q� 6QIF

 �QJ �Q- ��Q�	 $Q�9�I� ���@IQ� ��(QO oQ� ��Q�	 ��(O

�	6@�&	 F$�9�I� P�1
1 o� H	 P6I ��� �J$���(O 1 ��r

�1H	 P6QIF �	6Q@�&	 �QJ �Q- $EQ�	b�	 ���@I� o� ]dc offset 

P�1
1��� �J$���r.

�	6Q@�&	 $Q516L 
� S�IQ�I� 1 S��b-�Q� �?��[� P	6J �6QIF

 �J $:�?��[� ]�F 60 
� ;r 
	���CA?O ]�F 1� $Q� �(���� �9Q��


	��� �y&��T ]�F(n-1)]	 H	 P�%��F 
� ;r 
	���n1 ]	(n-2) ]	

 
	��� ����J 6�EIJ ]�F(n-1) ]	 �Qy&��T 1 �S��b-�Q� ;	9�B �J H	

 1� ;r ����J 6��- 2�	 ��	 4J�: S�I�I� 
	��� .$:
9Qf 
� �Q-

 $�& P6IIc: 4J�: S�I�I� 1 S��b-�� ����?& 
	6O6J j9� �6� ��- .

$:
9QQf 
� �QQ- /�1
16QQ@�I�': b�9QQ& �QQO�� dc ��QQ��J �QQ� 


;1�J 1 $�9�I� ����- 
9:9� $�I�':dc offset ��	 .2�	6J�Q�J

 �J�K ;r S�I�I� 1 S��b-�� ���& R�9J S��b-�Q� ��Q�& Y�9�� 1

�QQ�	 6�QQf 6QQJ	6J S�IQQ�I� 1.$:
9QQf 
� �QQ�	 P�1
1 
� �QQ-

�	6QQQ@�&	 P
	�QQQ�� 6QQQIFdc offset ��QQQ��J ��QQQ�	� �9QQQ51 

6QIIc: S�IQ�I� 1 S��b-�� 6����� R�6Q3 2IQ�0 1Q\YQ�9�� 
9 

R�QQ��- ;�QQIJ 1 6�QQf H	 6QQI_ P��QQB S�IQQ�I� 1 S��b-�QQ� ��QQ�& 

dc offV̂QQJ �QQ� �G�QQ��1 H	 CQQ�I�': 6QQ@�� 7
�QQ?Bdc offset 

�	6QQ@�&	 $QQ516L 
� 6QQIF �QQ�	.H	 R����QQ�	 �QQJ �QQ�?�	 �QQ3 

�	6Q@�&	 �Q��< H	 G�Q��1 2Q�	 �/��%�EQI< X1
 2�	 �QIA': 6QIF

�� �0	9L.

\38�A> ]	� ( <
�) 

�I?� 
� PH�� S�(I� $J�Q� �Q%5 �QJ SI��(Q� P
	�6J �6��-

 
9:���	 
�� xJ�QN� �Q3 �Q?`5 >DQ�)�(�Q�	 
	bQ�	 ]6Q& H	

SIMULINK ��	 R�� R�����	 ]�p[.7
�O �J 6k&�
9� 
9:9�

100kw 
� ;r 7�8'E� 1�Q�9I<)�(�
�Q�� �Q�	.���Q�&

 �I?� H	 >f�a PH�� S�(QI� 2Q�	 �	6Q@�&	 H	 R����Q�	 �QJ 6QIF 

m��L �951 ]�B �6� �J 1dc offset AU� 
�P�% )q#�Q�	 (

1)!#1(�Q�	 R�Q� ��	
	 .QJ ���Q�& 2Q�	 ��QJ �9QJ6� }QI:6:

 �456�
1��EQQF 1 CQQ�I�a 1 CQQ�I�': 
�QQ� ��B6QQ� 7	6QQIIc:

 C�I�a 1 C�I�':��	 .�&9F ;��0 C� �ka�� �39�
� 
�� �

Y�	6� 2IQ�y�0 ���	 R�&�� CO�J �J�K �A�'� /
�3 EQF 
1��

 x?N�� S0 6J ����- $�I�': 1 $`O	1 R�9J �QJ �
9Q:9� 
1��EQF1

 $� ��?&� 	
 456� 
1��EF $J9L ��- .�Q&9F ;��0 �Qka�� �Q3 
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��� ������	
��
��� �������	 ���� ��

��>c.
� '��/ )� ]	� (PCLPF �� �� dc offset 

Q��3S ;V�) 3U ���$B� ��>3� �1&�� ��>3� b��� ��� �4K3� ���$B� ��� �43�1&�� ��� �4 

6�AI� P
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��	 R��.a�� �- �&9F ;��0k$� �9����B	 H	 �`J ����@I� 

dc $�I�': 
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U3
� '��/ )� PCLPF 


� >UQQ�)v(1 
9QQ:9� $QQ�I�': 1 $QQ`O	1 
�QQ� 1 
1��EQQF

 
� 	
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��� ������	
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��� �������	 ���� ��

��>d.��4 "��+ (� 
� '��/ )� �� � !�) ��L6$V ����� <������ �L�� �� dc offset 
Q��3?1&�� ��> S3U ���$B� ��>3��%� �� ?��$B� ��> 8/�T� d�3��%� �� ?��$B� ��> 8/�T� q�K3b&�� ��� �4 

�3b��� ��� �4 
3���$B� ��� �4e3;V�) 

�	6@�&	 1 /��%�EI< ���5 6IF���B	 b�9Q& ���@I� dc 6QJ	6J �z

	
	 ;r P�1
1 �J ��1 $AI���	 R�� �� .AU�P�%)w#�Q�	 (�Q:

)*#�(
�� 1 C`O	1 
9:���	 $�I�': �Q��.� 2I�y�0 1;r /�Q0 

P�0
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d1q&$� ;�E �0�.Y�	6Q� 2�	 
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2I�y�0 S0 
9:9� $`O	1 
1��EFJ�CJ9QL 	
 4Q56� 
1��EQF 

2I��Q< /�%�B6Q� 
� C�a �Q�	 R�6Q- ��Q?&� .6Q@�� i6Q\ H	

a��k$� �9�
9:9� 
�� �- �J��9QL C��Q& 
	�Q�� 
� CJ9QL

 �Q� 1 
1��EQF 6IIc: Y�	6� 
� C�a 1 R�� �I?�: P�%�B6Q� 
� 

2I��< & �&9F60 �O�� S0 C%59Q: >QJ�O 7�&�Q�9 �Q�	.2Q�	 
� 

u0�- �AB �J X1
dc offset $516L 
� �
1��EQF 7�&��9& 

QJ CA?O /�%�1
 �J �?(& ��Qka�� >QJ�O 
9Q\ �Q���� u0�Q- /	

��	 .;9T 2�| 
� 
� 6Q�AI� i�QL 6QJ X1
 2�	 2I��Q< 
gQF

 $�& ��^�	 
9:���	 
�� ��1	H �?��[� 
� $��NL �9� �6Q��- 	gQ� �

6� 
� P
	�6J��	 6�g< ]�^&	 $�9?O >J�O �O� �J �A�'� P�%�B.

c3(8R�  ���4 

�QQ%5 H	 R����QQ�	 
9:��QQ�	 
�QQ� $J�QQ� /
	�6QQJ �6QQ��3 
� 

C����	 /�0
9:9� �QJ H�QI& ]�QB �A�5 H	 P��	b� P	
	� �6@(Qa 

05 5 5

�

�
��
�

R
ad

/s
�
���
�
��
�	
��
�

(N
m

)
��
��
��
	��
�

(N
m

)
�
���
��
�	
��
�

(N
m

)

200

200

200
-200

-200

200

-200

100

0

0

0

0

0 0.5 1 1.5 2 2.5

;��H(s) 

R

1

H

�

0 05 1 15 2 25
0

0.1

0.2

0.2

0

0.20 05 1 15 2 25
0.2

0

0.2

02

0

0.20 05 1 15 2 25
-0.2

0

0.2

0

0.1

0.2

0

0.1

0.2

-0.2

0

0.2

0

0.1

0.2

�
���
�
��
	


(W
b)

�
���
�
��
	


(W
b)

�
���
�
��
	


(W
b)

�
���
�
��
	


(W
b)

-0.2

0

0.2

��	

�

�

�

�	�
(s) 
0 0.5 1 1.5 2 2.5

D
ow

nl
oa

de
d 

fr
om

 ja
m

e.
iu

t.a
c.

ir 
at

 2
2:

49
 IR

D
T

 o
n 

M
on

da
y 

M
ay

 7
th

 2
01

8

http://jame.iut.ac.ir/article-1-357-fa.html


��� ������	
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��� �������	 ���� �p

�Q�	 
9Q:1
 P�06��	
�< �J $@�(J	1 ]�B 1 �B6� .2�6Q��%�

 >UE� X1
 2�	 
� �9Q51dc offset Q%&��65 
� P�Q0G���1 1 �

RH	�&	 nB�J �- ��	 R�� P6IF 7�?Q��[� 
� �NL H16J �Q?`5 

6@�I�': �6��- ]�^&	 
� ���L	 ���%& 
� 1$Q� P
	�6QJ �9Q�.

6�AI� H	 R�����	2I��< 
� �959� 6IF �	6@�&	 P�5 �J 
gF �Q?`5 


�� 6@�I�':�X1
 o� C��� ��	 j9� >UE� >a P	6J .2�	

 �J �59: �J X1
 CJ�Q�H
	 �Q��6F ]�Q^&	 PH�Q� �I?Q� ���Q�& 1�

1� P	
	� �`| �N�&��	 .>UEQ� 2IQ�1	 ;r 
� �QNL ��Q^�	 �

�?��[� ��	 �U� P�0
	�6J�P�%�B6� 
� �NL 2�	 2I��< 6�EQIJ 

$� H16J ��- 	6�H �P�%�B6� 
� 2I��< 6�AI� �6UA�B 2I��< H	 
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$� ���E: �1	 >UE� �SI0� u0�- 	
 �9� .

6@�� X1
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6IF �	6@�&	 �	95 H	 CQ��& G
�Q� H	 dc offset 
	9�Q�	 �Q�	 .

/	6J RH	�Q&	 �J 
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P=100  kw rs=0.01121 Ω Lls=43.8    µH 

V=240  v rr=0.01243 Ω Lm=2.13 mH 

Pole=4 Llr =43.8    µH    J=0.05       kg.m  
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