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Introduction to motion control techniques: 

� �

1 M�Y$K��g@��:�>c�Y���MB;�א�� �
>�Y<��h��Ð���£W
�´KC��M?E?$א�í�K�M�Y$K��g@���:aE�،�h@�¹�Motion Control Systems���MB;�א���

�i>�Y<�@E�K@E&א�MAB#א�M
Y	¹�apj+�g@���K��¶j?��¶K;��i�G�i��M:��Y&א�ME.� �
�h��¼אW��Ð���£W
�í�KDC��W��t�M�Y$K��g@��OE��·�.��j:»�אK��x �¹א�tzא��:��K?E�í��·�א	��Wא¶���;MB�א��

�apj&¹א�M
Y��K��g@�
iCא���ñkC��t�Y���¸X��í��K?E�:א��.� �
�ME�@
�M�X=��fא�Y��£j�¹�OE��h��M�Y$K��g@�
·K��h���MB;�א��j��´KC��¶K
�f@7���KDt�¹��.�·K::���.�א&

.
jCא��h�X��h��f@��¶K<א��eA7א��·KE�Kא��:� �
� �

� �
¤�¶K;C¹א�M�j�>&א�M?A$א�� �

� �

� �



¤�¶K;C¹א�M?A=&א�M?A$א�� �
� �

�M
Y�
Y8Cא�א��=M�X�א�>@�ME��f@��h�א��£j�¹�j��.::�.�Pos. FB�¹א&apj��u�Sp. FB`��·�א�<³Y��.�א&
�£KE?א��£¹א¥��g@�
YqKC�א��=M�X�א�>@�a�:�K�¹ME�W�t��Wא¥��א���h���£¥אjא���K�jA<&א�M#K<&�¼KEC?��.�ZDá�K�j@��·���.�K-

�Ø<��£K�¦í�M?A=&א�M?A$א�»¤�¶K;Cא��M>A��.� �
L9�?��f@7��KD�£KE��M?�Y�¹�MB;�Tא�h��.
jCא��u��í�M�W���
h�א�K�Y3�א&�lA��KBE���W��C	¹،�OE����·

�h��¼א£W
�³Y=����W��KDE��a	jא��L�@א��h��£W
�K+¥�f���tK?&א.� �

2 M�Y$K��g@��M�W�í���MB;�א�����:�?M�W��é�א�K�Y3�א& �

YD��X¸�אj�Tא­��lA��KBE��.���،MB;�Tא�¸X��í�·j	WCD&א�KD�W���
�W���jא­��h�א�K�Y3�א�×���´KC�:� �

2.1 M�j:%א��K�Y3א:� �
W���
YD���jא­�א�K�Y3�א&��h��W<��M�j:%א��K�Y3א�·���K�Y3א�h��W<��KD���KB��،M�Y$K��g@��M�í���MB;�א��
^>�C&א�Y<��M�W���Y�@�í�א�tz�א���M:E�¤¹א��א���W<�¹��Xא�א´Y3��h�א�K�Y3�א�×��>fB�¼K?�¹��K;C¶�א�Wא¥���.א&

M�j�>&�¹.א�´Y3א�אXÓ�MEAא�Wא��MECא���l�Kא���f@7א��.�:� �

� �
lD��،KD�£KE��M?�Y:��M��C�K��K���g@��_��³Y�א�?KE£��¹א���@g�í���MB;�א�����h��M�Y$K�.�¥K:��µK	¥I��g@���?j¶�£א¥��א��

��W¹א���j:��´Y3א�¥¹£א·�L����M9���f��،�£KE?א��א¥�£�é���K9�Cא��h�)�µ£K<�1.8�l
K�¥�´Y3א�í�M�¥£�
�MA�K���j:ß�fB<א��M�K��í¹��K:�TאFull Step.( B@�ME��Y�G�ap¹�£א¥��א�?�£KE�í�א%M�W��M�KpxK���>^�א¹Tא�Y�א��

(enable)�Y��¹�·¥¹אWא��MD��(Direction)�MA�K@א���j:%א�¶K;��¥KEא���Y��¹�،(full step)��j:%א�c8��¶��
(half step).�..Í�.� �

Permanent 
Magnet toothed 
Rotor 

Windings 



»j:%א�´Y3K��g@��:��.�א�f@7�א��l�K�א&�:_�א�>¶K��K;C¶�א�� �

� �
� �

¶Z<א��Ø�C��l�Kא���Ø�C&א�.��/K��M
Y���K�Y�א%:M�jא�BA��M��C�:� �

� �
� �

ME�Kא���א�ZE&א�d�K��:�h��Zא�K�א�K;C¶�א� �
• g@� .	M�jD�א��
• Y<� .אªK>å�א�
• ´Y3א�M�KE8��M�K$א�¶W
. 



• �c�jא���WC
�l�K<א��¶Z<א�Holding torque. 
���KE�A��:�KDAB�K+��K��ClA�א� �


M�אªK>å�א •Y�
¶Z<�)Z��f@7���Ð��a�א¦£�K£�א��Ø�C��í�`�u��j��KB�¶/d�K�
M�א�Y	.( 
• ME�@
�M�X=��£j�¹�¶W
�L����apj&¹א�M
Y�A��M?E�Wא��M<�K�&א�kA
��¥W?א��¶W
. 
• ��M��Y��M9>�C���K
Y���fB<א��WC
�´Y3א�iC��l�K<��W��»Xא��.�Yא��££Y��·אW?>��»£H��K-�،££Ïא��אX��h

apj&א�W�W!�í�G:��l�K��K�¹�،g@��.�>^�א��K9�C�א�?M�£K��h�£א¥��א�� �

2.2 â�א�Y>��:�K�YBrushed DC servomotors�א��j�Ð�¤א��א& �
Ð�Tא�W?<א��·Y?א��Y¹א���í�a	¹א�¥K7א���i���K�Y3א�h��­jCא��אX��·K��.�j�Ð�l?�¹���Ï>��MA�j��h�א�h�Z�אY3´�א�

iEA
�WB�<&א�[EoYא�apj&K��g@�
g�W�א&�<Yא���?¼M�¥K�،�í���MB;�א���j�Ð�.�Brushless servomotor��Y3K´�א�
´Y3א�אXÓ�MEAא�Wא��MECא���l�Kא���f@7א��.��:� �

� �
� �

ME�
M�OE�Tacho���i��£¹Z��6�.��lB�C��Xא�א´Y3��é��K;¶�א��=M�X�א�>@Y�
:�K�£א¥��א�?�£KE���K�jA<��µj�א�I��¶j?��
M
Y�A��M?E�£�M<�K���g���·��f���h��´Y�BA��M?E?$א�.WC
¹�ME�@
�M�X=��Y8C<��¶K;Cא��W�¹Z���f��³u���g���،apjBA�

apj&א�¹�M
Y���i��h�£א¥��א�?�£KE�K-��Ø<��Yא��M�א�>.¶Z��h��A?×�א����´Y3א�¶j?��»Xא��¥KEא���Mא��Y��é��M�KpxK�.� �
��.�¶K<א��_:��:XDא�א�­jC��h�א��K�Y3��K;C¶�א���@g�א�f@7�א��l�K�א& �

Tacho 

Permanent 
Magnet Stator

Brush 

Windings 



 
� �

¶Z<א��Ø�C��l�Kא���Ø�C&א�א�/��.��K�Y3�M
Y��j�Ð�¤א��א&�<Yא�א�:� �

� �
 

�K�Y3א�h��­jCא��אX��א�ZE��h�¹:� �
• �£KE?א��M�jD	. 

M,W�א&�<Yא� •��K�Y3א�a��M�¥K?&K��M>A@א���ªK>åא. 

lD���K�E��:��K�א� �



• �YB����f@7��M�KE8א��é��M�K$א�(אY>�
�K�א�>ÐE=�fB�א&K	�h��£Wâ�£W
�W<��.( 
• Ð�@א��g�$א. 
• �M
Y	�M�K��	tאM9>�C&א. 
� �


M,W�א&�<Yא�� 2.3�j�Ð��:Brushless Servomotorsא�K�Y3�א� �
�MEB�Yא���¥K
xא��K#K<��¥K7א���MqK�¹�،MEpK&א�א¶j
Tא�í��j�A��f@7���KE�¹Ï@�xא�¥j:��W<�DSP�¥K<	����W��،

�ªK>åtK��א�Y>�
M,W�א&�j�Ð���ñj��é�µj?<���MB;�א�K�Y3�א���.��W��l�K��K�¹
�µK��xא�£K�£¦א�¸X��¶אW�kA�א	�
�Y3אK�M�Y$K��g@��.،��h���f��£K�¦��ME�K<���MB;�א�� �

�K�Y3א�¸XÓ�MEAא�Wא��MECא���l�Kא���f@7א��.��: 
� �

� �
ME�
M,W�א&�<Yא���lB�C��é�אMB;�T�¤א��א��=M�X�א�>@��K�Y3א�·I��،j�Ð��OE�.��KB�í�א�­jC�א��d�K��K�Y3�א�

�¥KEא����K?A��³u���g��)Z<א�¶(apj&א�¹�M
Y��א���@g�Y+א��M��MA�K�XÓ¸�א��K¥א�Ïא���א�?�£KE�l�K��K�¹¹��j?¶�£א¥א�.�،�א�
M�uא���.M�K��	tא�M
Y���MA�B�&א�ME�K<א��ME@E�KC�Wא��h���K�Y3א�¸X��i��a�B���K��،¶K;Cא��אX��MEB���¦Z<��K-¹�.�OE�

�kB;<א��M
Y�
M�א�M�Y>8��é�א�Y��.ufë�í��M�K�א�h�Z�50msec��f8��é�(�h@,)8000RPM�א�µjqj��h�א� �
�K�Y3א�h��­jCא��אXD��g@��A��¶K<א��_:��:��¹.�א�f@7�א��l�K�א& �

Resolver 
Mounting 
Shaft

Permanent 
Magnet Rotor 

Windings 



 
� �

¶Z<א��Ø�C��l�Kא���f@7א����¹./�a��¶Z<A��l�K<א���Kא����`�u��OE��،א�Y>�
M,W�א&��K�Y�BA��M��C�K��M
Y�א�
M
Y��:�f�K�µKá�א� �

� �



´Y3א�אX��Kא�Z��h�¹:� �

M�א�>ME�K��Wא¼�א •Y��)�h��Y��T�f8�10000RPM.( 
• �M
Y�
kA��f�K�µKá�א��¶Z<A��l�K<א���Kא���)d�K� ).�KB��j���.�í�א�f@7�א�
• �M
Y	ME�K<א��M�K��	tא. 
• g�$א�Y=q. 

i�K�E	�K��:� �
• ME�K<א��M>A@א�. 
• U:�
kA��Xא�א��N�Kא����Z#א��K>A��£j�¹�L����،l�¥K%א�U:� .א¥�<­K��Yא¥��א�
� �

.��¹�K�Y�BA��M�uא���א­j�Tא�¸X��.��،א�Ï�¥Kא���^<��M�¥K?��l�Kא���µ¹W#א�í�:� �
� �

 

� �»j:%א�´Y3א� �Yâ´�א��j�Ð�¹¤�א&�<Yא�� 
g�W�א&�<Yא���j�Ð��Yâ´�א� �

g�$א� �Ð=q� �_	¹� �Ð=q� �

·¦jא�� �Ð=q� �_	¹� �Ð=q� �

g@���M?�Y�א�� �M�j�>��M?A�� �M?A=��M?A�� �M?A=��M?A�� �

kB;<א��M
Y��א� ���Ð=q¼אW�� �ME�K
� 
ME�K��Wא¼�� �

M
Y�����K�א�>¶Z��a�א� ��l	� �WE�� ��WE��Wא¼� �


:M�K�א�¹Wא¥� ��Ð=q� �ME�K
� ��Ð=q� �

M>A@א�� �M9>�C�� �_	¹� �ME�K
� �

� �
ME:%א�j�Ð�
�¥K��é�א��?MEC�א#�W�W�í��K�Yâ�א��،j�Ð�l�¹��MEC?��K�Yâ�א�xא�h��µK?&א�M�KD��í�W�t¹�.

Aא�Wא��MECא���l�Kא���f@7א��.��´Y3א�אXÓ�ME:� �
� �



� �
� �
� �
� �
� �

M�Y$K��g@�
YqKC�.��Î�<��Xא�א�:Yא¦��h��K�Yâ�א��،j�Ð���j:���M�W?��Wא¼�í�µKá�א���í�¼אÐ���Y�¹�i���OE�
�ME@E�K@E&א�א�Z�Tא�f�F��MA@7��LC"�a��،M
Y�א&ME@E�K@E��f?C�א$M�Y�א�¥¹Wא�ME��é��M�Y��،ME:�l�K��K�¹��£K�¦�í�א�

!�h
�M�¹H��KB���i��l:<��¼u�K�-¦א¼��¼u�W�í���Ð��h�א��:��K?E�א�×�t�.�f�j�א$M�Y�א�¥¹Wא�ME��é��M�Y��ME:א&
�h@,�¶W����.�KDE���MB;�א���@g��jÓKא��·�� �

 
�¸X��´¥אW��h
�h�Z�K
�KC�>���W �·zא�hä¹�،¼אW���Ð���M
Y���Ð���¼K�jB
�ME�Y=א��µ¹Wא��í�Ø?א���¶W?א���MA�
�·�


�gDא�<�KCq�ºj����.�¹�MEA3א�KC�
KCq�ºj����.���Ð�@א��MEC?א����j�.�.�¹Kâ�M�E���k:ß�Ð���·T�KC<�W��K-
�k���MEA3א�KC�
KCq�ºj��+�l?�Y��l@��dE�£�f@7��KDBD�¹�MB;�Tא�¸X��¶אW�
h��d�Y�א	��،�Ð�@א���jÓא�¸X��¶£¥

ME&K<א��M��KC&א�M��¥�é��f?�C�.� �

Magnets: 
Neodynium

coil
s

Iron flux 
passage

Feedback 
electronics 


