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سنسورهاي آنالوگ براي اندازه گيري حركت  
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• The rotating speed of a work piece and the feed rate of a tool are

measured in controlling machining operations.

• Displacements and speeds (both angular and translatory) at joints

(revolute and prismatic) of robotic manipulators in controlling

manipulator trajectory.

• In high-speed ground transit vehicles, acceleration and jerk

measurements can be used for active suspension control

www.mech.ubc.ca

سنسورهاي آنالوگ براي اندازه گيري حركت  
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• Angular speed in the control of rotating machinery, such as

turbines, pumps, compressors, motors, and generators in power-

generating plants.

• Proximity sensors and accelerometers are the two most common

types of measuring devices used in machine protection systems

for condition monitoring, fault detection, diagnostic, and on-line

(often real-time) control of large and complex machinery.

• Displacement measurements are used for valve control in process

applications, plate thickness in steel rolling mills.

www.mech.ubc.ca
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پتانسيومتر
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Rc is the total resistance 
of the potentiometer coil

Mechatronics- An Integrated Approach, D silva
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Resistivity=(resistance)×(cross-section area)/(length).
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Mechatronics- An Integrated Approach, D silva
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پتانسيومتر

 ����T:

 ����5 ��-� *1 
F��( d���� �" ����5 ,.��" ��L/ ������/��H )�  ����T

 �� ,.; ���0 ,-�./� *���- �" )P��.

�.T  ��T �":

پتانسيومتر

Q����:

�����/ "��� -��/ ���1 ^��M1�F ,./
�� l��5 R��� ^��M1�F 6���5 
� "�; )��D2� 

��1 
��/��� *1 >����(.

������ ,-�./� ���0 ��� O/���� I�1 "�F� "��./ )"�F� %e��'!� \NF %,./
��...(.

�3�����5 �" d���� R��� *�G�5 
� ./��5 g2�1 �'( "�;.

�"��- �"�1 3��X� ��1 
������� �" 
�&��� *� ,-�./�  ���7� ��1 >�  ��.

�6;���-� "�.�� *1 "�.�5 *7+T �" >�� m�H � 6�D� �"�1 �9  ��.

�6���I�1 ��" � 
0.�A�� �" >�� m�H 
� ./��5 g2�1  ��  �4�� �9 "�;.

www.mech.ubc.ca

پتانسيومتر

���
�:

�n����/ >� *��
�

�d���� 
F��( ^�I�1 �� 6���5 
� .�� *� �" �U�� ��"�1��� -��/ *1  ��75 

�"�� "��./.

www.mech.ubc.ca

پتانسيومتر نوري

www.mech.ubc.ca

������/��H ���/ -� )� C
�/��� ���/ *1 ��F ,"�4��� -� ��-�1 ,./
�� ���1 
,-�./� ���0 ^��M1�F ,"�4��� 
� .��. C
�/��� ���/ =��; )� *�I  ���7� 
���/ � )� R��� ���/  ��.
*�I  ���7� ���/ -� ,"�� �� *�(�� ,.; *� �" 3��! C.2  ����" %��/ c��2 


������� � �" 3��!  ����" ��/ *1 ,"�� �� �1  ���7� 
������� "�.�� =�.�5 

� "�;.
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پتانسيومتر نوري

www.mech.ubc.ca

  ��T ���1 "�" ��L/ ���5 
��� ≪ �
 :
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�
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�

�

���
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� �

حسگرهاي اندوكتانس متغير

X�� 0<���� �( �01+� 2*� �0O�� N�M01�����!�� '0�  � �11�. �( j0�� X�� 2*�  
0�
 

�� �� 0
0�' '� �� Q����  ��M01�� ����� '��_ ����� '� Q%  
0��8 0O��  � ��& ��  

Q����  ��M01�� 2*0� 
� Q% 0( Q���� ����� �T�0��  � �1�.

�
�&  � 4��O) ���� �� �( ����� N
0����
� �0<����:

17 �#�M �� �0O�� 0( �0<���� )2(0O�� �0O��(

27 p0O����9 �0<����

37 4i�� �0(�1<% 0( �0<����

حسگرهاي اندوكتانس متغير

17  ��M01�� '0& ���� Q�'� N�M01����# 	�0� '�+F �1
0� LVDT �RVDT  ��0<���� 

2(0O�� p0O��  )'�0I�
27  �1
0� ���� q�B 4�� �( �+�
 q�B 4�� �� ����Resolver, Synchro-transformer

=1�7�� ��7�� �1 ������T:

���\) W0��� AC '� 4�� q�B ����� YF0( �0I�� 

W0��� '� 4�� q�B ���
0,  � ��&. 	
��
� W0���  

�����) V���( �( Q�"�� '0& 0O�� 	�& �( 4�� 

q�B ���
0, �'��.  K�8 �� 	
��
� ���� Q% 

�H
�� ��� �( �� L��M YF0( ����) '� '0&  � 

��&:

حسگرهاي اندوكتانس متغير

Linear Variable Differential Transformer (LVDT):

Ferromagnetic Core

Core

x

vo

(Measurement)

vref

Primary 

Coil

Insulating 

Form

Secondary 

Coil Segment

Secondary 

Coil Segment
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حسگرهاي اندوكتانس متغير

Linear Variable Differential Transformer (LVDT):

حسگرهاي اندوكتانس متغير

Linear Variable Differential Transformer (LVDT):

حسگرهاي اندوكتانس متغير

Linear Variable Differential Transformer (LVDT):

Ferromagnetic Core

Core

x

vo

(Measurement)

vref

Primary 

Coil

Insulating 

Form

Secondary 

Coil Segment

Secondary 

Coil Segment

�	���\� �'0� LVDT �0< 
� S'�"< q1�� 0) �1m q1��  � �&0(.

�	���\�  �
0��# 0@
% ���\� ���. 4K�"�0� N
0��# 2(0_  

	�0T��� 
� 0@
% X�( 100 0) 200 ")�< ���( �( N
0��# W0��� 

���'� ���.

حسگرهاي اندوكتانس متغير

w
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Wikipedia.com
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حسگرهاي اندوكتانس متغير

4�� q�B �0<  8��9 �( c'�* ��� �( ����!� 2n�� 	�& � 
��'�� �@8 4��  $�B �0s��  � �1&0(. ��� ���< Rh�0� '� -�� 
��&0( W0��� X�� �� 4�� q�B ����!� �'  Z19  � �11� � W0��� 

 8��9 �T* �<��9 ��(. ��� ���<  ��
� �( �K� ���' ���� 
��1� W0��� ���K� '� 4�� q�B tm � W0��� ���>�( '� 4�� q�B 
���' 0O��  � ��&. '� X�� ��0� W0��� �1���(  8��9 
0TK< 0( W0��� 
4�� q�B �K� ���' ���.
N!F X�� ��0� '� S0�1< ���� ���< �( �K� tm u0T)�  � 
��#�.

حسگرهاي اندوكتانس متغير

Linear Variable Differential Transformer (LVDT):

�X�� 0<'��1� '� 	���\�  ���M 	�& �( Q��1F 	���� � ^9 Rh�0�  ^9 2KF  � �11�  �� '� k'09 Q% �( 

c�&  ^9��?  � �
�&.

حسگرهاي اندوكتانس متغير

w
w

w
.e

fu
n

d
a

.c
o

m

@f�(� d���� �" >�� m�H ��� *��/�X �1 ^��M1�F *��� ���" >�� m�H Q�����  ��.  NF 

 ��T �1 *F�5 *1 @f�(� -�� ���d���� AC �" >�� m�H ��� *��/�X *1  �" 
� .�9.

حسگرهاي اندوكتانس متغير
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حسگرهاي اندوكتانس متغير

����I�.� *���" ��:

����I�.� *���" �� 
;-�"�H  �� *� 
�" �9 ������ 
F��( -� )� ���T 
�" )� ������ =��T �1 *���" � 

O/����  1�X *� nI�D�� )�/����� 
 �� S�o 
� "�;.

O/���� `�� =��T .��1 -� ," �1��1 
6��5I�1 O/���� "�F�� �" ������ 
���T ��L�1 .;�1.

حسگرهاي اندوكتانس متغير

����I�.� *���" ��:


F��( LVDT *1 3��! ����I�.� *���" ��  ��. -� �M/9 *� )���5 >�� m�H *���� *1 3��! 

`�� ac O/���� I�1 
� %.;�1 6�� `�� *1 3��! `�� =��T �" 
F��( ���W ,.; � ������ 

O/���� 6���H 
;�/ -� ^��M1�F *��� )
������ *� @.� ,-�./� ���0 �9  ��( �1 ��� `�� 

=��T ����  ��.

�" a�� ���1 ���45 
F��( � `��K��� 3�2fZ� ,-�./� ���0 -� 
F��( ����I�.� *���" �� 

"�F� "��":

.1�-������  

.2�" ����I�.�

حسگرهاي اندوكتانس متغير

Signal Conditioning

1 .�-������:

•AC output from the LVDT is rectified to obtain a DC signal

•Phase shift of the LVDT output has to be checked separately to determine 

the direction of motion

www.mech.ubc.ca

حسگرهاي اندوكتانس متغير

Signal Conditioning

1 . �"������ ����FS�����:
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حسگرهاي اندوكتانس متغير

���9"��:

حسگرهاي اندوكتانس متغير

2 . �
0� 	�0�B)Demodulation(

www.mech.ubc.ca

-� *���7� ������ 
F��( �1 ������ RF��  3��+D2 �" ����I�.� � @GT `�� =��T 3��! 
�  
"��0. *M��/ =!�T ^��M1�F >�F  �� *� ���1 %,"�4���  ��75 ,.; � -� ��+�� 6���H �G0 ���2 ,"�"  

� "�;.

حسگرهاي اندوكتانس متغير

*����� @f�(� -�� ������ 
F��( �" ��.� LVDT:

�( 2��� ��8� Q0K�� N
0����
� '� '��� � 8��9 :01���  

 8��9 0( :01��� ���'� )k�� 2�0�( 4< 
0# ���
. ���( 

S0I
� c0��KF Q���J��� S
J ��� '��O� Dh�9� 
0# �+�0\� 

��&.

حسگرهاي اندوكتانس متغير

=�; ��- )� ��.� ,"�� ���1 a-�"�H ������ )� �.�� 
+o�45 )LVDT( �� ��L/ 
� .�". 

p�
F� 6�� >���� �� =�+�5 .���D/. )-� @f�(� -�� ������ 
F��(  �?���! .���D/(
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حسگرهاي اندوكتانس متغير

2��� g�. Q��� ��I� '� :01��� 2�0� ��"I) :01��� �( �� A�(  !� /�01�� 0( V�0I(08 Q��( k�� 2�0� �  
����� 2�0& k�� 2�0� ��� �� ��0( ����# ��&. XK. �!
% �� �(��( Q�& N
0��#  >�( �� ��0( ����# ��& �
0���8 

�' �����' � 0( �0^9 ��K� 	��K<  � �1�.

حسگرهاي اندوكتانس متغير

حسگرهاي اندوكتانس متغير

حسگرهاي اندوكتانس متغير
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حسگرهاي اندوكتانس متغير

����
� LVDT:

1q e��'!� � \��� �" �9 "�F� "��./.

2 q O/�.s�� 
F��( �9 6���H  �� )�" "�.T 100 >��( � �" *M��/ 8'� ���5 ������ Q���� 

 ��.

3q ����� J�KL5  NF "�F� "��".

4q �" ���
��� )P�� "�F��  �� )��Z )� ��D��/�� ���1 ,-�./� ���0 2 ��D�+��(

5q ����(�� ,"�� � C��7� "��" � �" *M��/  D�& �9 n����/ 6���H � ��Z �D2 �9 I�1  ��.

6q 6;���-� ,-�./� ���0 �9 ��N1 -� ������/��H  ��.

حسگرهاي اندوكتانس متغير


L(�P 
+o�45 �.��:
B��� %"��+D2 ���
� � 3���.� a-�"�H ������ �9 *��; 

LVDT % �� �1 6�� 3��45 *� �" �9 -� )� *��� 

O�Z������� ��(�P ,"�4��� ,.;  ��.

=�; *��� ����" ���75  �� � �" *���- �4! d���� 


F��( �.�� �4!  ��.

Rotatory Variable Differential Transformer

حسگرهاي اندوكتانس متغير

Rotatory Variable Differential Transformer

سنسورهاي آنالوگ براي اندازه گيري حركت  

� =1�7�� p�7�� 
5���M� ��������)*��Z�"(

��1 *�G�5 >�� m�H *���� �1 )� R��� AC O/���� %I�1  g2�1 ��7�� d���� �" >�� ��Nw�H 

*��/�X 
� "�;. �1 @f( LVDT � RVDT �" 6�� %���T >�� ��Nw�H *��/�X *1 3��! 

��� � c���� *1 >� =E�� ,.; ./�.

www.ubc.com
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سنسورهاي آنالوگ براي اندازه گيري حركت  

� =1�7�� p�7�� 
5���M� ��������

)*��Z�"(

�8'� 
D�F *� @.� \M�� )�"
/ �.; 

�9  �� �� �1 )� ,"�� O�Z������� 
� 

>�/�;�H. �" �X� )�"
/ �.; >�F  ���7� 


��Z���� )O/������( ���� ��; 
��Z���� 

����5 *���� � �" *M��/ d���� �7�� ,.; *1 

3��! )� R1�5 
'(��� -� ��
�� )�"
/ 

�.; >�F ����5 
� .1��.

www.ubc.com

سنسورهاي آنالوگ براي اندازه گيري حركت  

� =1�7�� p�7�� 
5���M� ��������)*��Z�"(

•"�1��� "����:

.1
o�2 ��� 
��M1�F

.2 )P�� ��� 
��M1�F)
'( ���(

.3>�F )� "�F� J�KL5

www.ubc.com

سنسورهاي آنالوگ براي اندازه گيري حركت  

� =1�7�� p�7�� 
5���M� ��������)*��Z�"(

• ���1 �  �� �� *���" ����I�.� 3��! *1 ����� 6�� �" 
F��( ������

"��0 3��! ����I�.� �" 3��+D2 .��1 �?/ "���  �D� `��K��� .

www.ubc.com

حسگرهاي اندوكتانس متغير

17  ��M01�� '0& ���� Q�'� N�M01����# 	�0� '�+F �1
0� LVDT �RVDT  ��0<���� 

2(0O�� p0O��  )'�0I�
27  �1
0� ���� q�B 4�� �( �+�
 q�B 4�� �� ����Resolver, Synchro-transformer

=1�7�� ��7�� �1 ������T:

���\) W0��� AC '� 4�� q�B ����� YF0( �0I�� 

W0��� '� 4�� q�B ���
0,  � ��&. 	
��
� W0���  

�����) V���( �( Q�"�� '0& 0O�� 	�& �( 4�� 

q�B ���
0, �'��.  K�8 �� 	
��
� ���� Q% 

�H
�� ��� �( �� L��M YF0( ����) '� '0&  � 

��&:
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سنسورهاي آنالوگ براي اندازه گيري حركت  

� Resolver
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�������:

������� )� �.�� ��7�� =1�7��  �� *� ���1 ,-�./� 

���0 ^��M1�F *���- �� ,"�4��� 
� "�;.

�" ������� �1 @f( RVDT  ��T )� *��" >�� 

m�H  ��/ *1 >�� m�H ���" =��2 ����5 �" l���; 

��7�� d����  ��.

سنسورهاي آنالوگ براي اندازه گيري حركت  

� Resolver: Mutual induction transducer for measuring angular displacements
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� Rotor has the primary winding and is energized by the 

supply voltage

� Stator has two sets of windings placed 900 apart

سنسورهاي آنالوگ براي اندازه گيري حركت  

� Resolver

http://www.avtronencoders.com

Input Signal
Output Signal
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سنسورهاي آنالوگ براي اندازه گيري حركت  

� Resolver

 )���5 -� ,"�4��� *1 *F�5 �1AC  �� *���" ����I�.� 3��! *1 *2�DM� 
F��( %I�1 O/����

 ��.

www.ubc.com
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سنسورهاي آنالوگ براي اندازه گيري حركت  

Resolver Applications:

1. Permanent Magnet (PM) Motor Commutation and Speed Control

2. AC & DC Servo Motor Commutation and Speed Control

Advantages:

1. Fine resolution and high accuracy

2. Low output impedance

3. Small size (10mm diameter)

Limitations:

1. Nonlinear output signals

2. Bandwidth limited by supply frequency

3. Slip rings and brushes would be necessary if multiple rotations to be measured 

(a brushless resolver can eliminate this)

سنسورهاي آنالوگ براي اندازه گيري حركت  

Synchro-Transformer

www.ubc.com

����4�/��5������:

 ����4�/��5������ "��+D2  ��5��  4F �" -� ����4�/��5������ �" *� 3��45 6�� �1  �� ������� *��;

 �� ,.; ,"�4��� ��5���� �.

 *���- �1 m�H >�� *��" *� -� ����5���� -� C�.� ��120  �� ,.; *���5 >N1  ��/ *F�".

سنسورهاي آنالوگ براي اندازه گيري حركت  

Synchro-Transformer

www.ubc.com

d���� �7�� ,.; �" ��5�� ,./��0 
/��- >D�
���  �� *� ��5�� ,./��0 ��D� *���- �� �1 >�� m�H �W���� 

�" *2�DM� ,./��0 *�;�" .;�1. 6���1��1 *'1�� Q���� ���1 d���� 
F��( *1 3��! ��-  ��:

 �
� ����4�/��5������ ����� ,-�./� ���0 *���- 
��/ 6�1 �"  ��;  ��.  

C-I *1 ��x % �� ����4�/��5������ ��T ^��F *� d���� 
F��( �4! % �� 
��� l���;  

�
 � �� � ��

 ,"�4��� 
� "�;. 6�� l���; �" >�?�5 *����  ��o� ����5�� �" �?/ *���0 
� "�;. 6�.1 Q�5�5 
/��-

*� ��N���; ,.����� � ,./��0  ��/ *1 >� *���- �� ./���/ d���� 
F��( �4! .���( "�1.

سنسورهاي آنالوگ براي اندازه گيري حركت  

Self-Induction Transducers

�6�� _�/ -� ������� �1 B��� =!� ^��7��"�( ��� 
� .��� )@f(�1 �������� �1 ��7�� =1�7��(

�>�� m�H l��5 )� R��� *�G�5 AC �1 O/���� I�1 )���5 
� "�;. ����F ����2 -� >�� m�H "�M�� ��;  


��Z���� 
� .��.

�d���� 
;�/ -� ^��7��"�( � ����F ,./�G0 *1 3��! ��-  ��:
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سنسورهاي آنالوگ براي اندازه گيري حركت  

Self-Induction Transducers

http://www.pc-control.co.uk

�.���� ����� _�/ 6��5"�1����H )P�� ,-�./� � I�1 ���.��H %��-��  D�& *1 *F�5 �1 ������� -� _�/ 6��.

�����F DC ��D2� ,.; *1 ��5f��� g2�1 "�M�� ����F AC �" =��� 
� ""�0. �"  ��T �"�2 )� ��.�� 
��Z���� 6�1  

=��� � */.1 ����� ���&�1  ��. �1 )�"
/ �.; ,"�� �/��� *1 =��� O/�.s�� 
��Z���� ��.� \��
�� 
� .1�� � ����F 

AC =(�" �9 \��� 
� %.1�� �1  �� %����F 
F��( ����� ���� 
� "�;.
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Permanent Magnet AC Tachometer
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AC Induction Tachometer
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Eddy Current Transducer
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Eddy Current Transducer
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� Size: about 2 to 75 mm (0.079 to 3 in) in diameter, 20 to 40 mm (0.79 to 1.58 in) long  

� Range: 0.25 to 30 mm (0.0098 to 1.2 in)  

� Resolution: Up to 0.1 µm (3.9 µin)  

� Bridge Circuit Frequency: 50 kHz to 10 MHz 


