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Rotor-Speed Control-System Design for Small Wind Turbine  
by using the PID Controller Techniques. 

 

Tanapon Srivongsa *1) and Withit Chatlatanagulchai 2)  
 
 

Abstract 
 

Wind turbine technology has changed tremendously in the past twenty five years. Most of the wind 
turbines, which are currently designed or installed, have some rotor speed control systems as their significant 
components. The most popular control technique is rotor speed control by adjusting the blade|s pitch angle. 
At low wind speed, good rotor speed control is important to obtain a specific rotor speed to generate as high 
electricity as possible for that specific wind speed. At high wind speed, good rotor speed control is important 
to maintain a constant rotor speed so that the resulting electricity is constant without any jerk. This will result in 
better-quality electricity. The rotor speed control system is mainly installed in large wind turbines only. This 
research designs the rotor speed control system of a small wind turbine. A small-scaled wind turbine was 
designed and built with 1.14 meters in diameter. This wind turbine has the same structure and components as 
the regular wind turbine, but it cannot generate electricity. A mechanism to adjust the blade pitch angle was 
designed and installed without adding more weight to the rotor. As a result, the wind turbine can be operated 
at the same wind speed range but with higher efficiency. The rotor speed control system was created from a 
PID controller, which is not complicated and is well-known in the industry. There are two cascading loops in 
the control system, namely the inner and the outer loops. The inner loop controls the pitch angle, and the outer 
loop controls the rotor speed. The experimental result has shown that the wind turbine was able to follow the 
desired speed closely and is able to robustly maintain the speed very well in the presence of the disturbance 
from the changing wind. 
Keywords: Wind Turbine, Pitch Control, Speed Control System, Input Shaping, Set-Point Weighted 
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Visioli (2006) ��I���I�J"�Q$$���"���GG�B��

�C�� �� ��G��F"���������>��"�E� "� B�C��!�JH�IE>L�G
E>�����C���!�Y�>J"��� �� ��G%I�?�IGE"L�G? ��� �� ��
B�� PID Control E�S"��!����GG�B���C�� �� �����
%�? ?EHR"VNWD�NE$"�I�E�S"���%G����G%I�?��W�?
��?���
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B�IJHW��C���!�Y�>���EH��C��J"H���H��%?�" �� ��  

����� �̂������X���JDWG!���%��� �� ��B�� 
PID _Z�?�IGB��
"�"B�N?N�?�������� 1 
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���F 	��D!������ ��GH����� (Set-Point Weighted) 
Chen et al (2008) E�"GE� "� ������� I����

OI�?"MT�H"�� I�E�]�H��%
G?�C�� �� ��B�� PID 
�T�H�����C��"������V�IE�O�%�H"I�?E��� (Time-
Delayed Unstable Processes) FN%E� "� "�MV�I
$T�E�S"�WG?JDW
WG�P�
G?��C��"��� ���$T��G?K����

 �� ��NW�%F��B��� G�>��E�G�XB�N?JHWEHR"�I�  I����
OI�?"MT�H"���������FN%E� "� "�M ����C���!�K�J"����N I�
FGE�G�XDP� (Overshoot) B�C�N I�N��D"�����O"CB��
G�"������ I� ���K�N>��N�T���?�G? (ISE) ���B��
G�"������ I� ���K�N>��N����P� X̂ (IAE) FN%E��%�K����
��� �� ��B�� PID _Z�?V�I�����OI�?"MT�H"�� I�E�]�H��% 
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�� W�?E�I�����P"%X  
 

�
G��RS�������� 
G���� X̂H���
G?����N�G?��C�G�V�NW�% D�N

��?H�"��$T��G? �?$�
���GE�G�X��CB���? Host 
computer B�C Target computer N�?B�N?J"�P���� 2 

��?H�"��$T��G?�����W�?
ZM" LGD"�NB�"�CN��
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HWG?E �L�G?B�I?GG�E�S" 3 �I�" �I�"B����N��M?
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1 Encoder)  ����CEG�%N 2000 
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"�N 12 F���X 

�I�"��������N��M?������$��N�T�BH"I? ( nd
2 Encoder) 
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�I�"H��� LG ���GG�B���C�� �� �����>�D�X B�C���
GG�B���C�� �� ���E�R��G� FN%�IG�����M?�G?�C��
E
W�NW�%��"JHWE�S"��� �� ��B���IGE��%? (Cascade 
Control) 
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��
�B���S 
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B�� PID B�C�I�"
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���H�\Q?�XD�"OI�%FG"
G?�I�"������� I���UU�^
 �� ��B�N?N�?�������� 2 FN%���>�$��^�K�?���O�G���C

G?�� ?H�"��$T��G?B�C�?$����P�
G?�GE�G�X
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dt
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G?G��>���X ���O���C�? X
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���H�BG�>��$PN ( iA ) B�C�T�BH"I?
G?E��� ( it ) VNWFN%
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E�L�G β  B�C γ   LG>�����E�G�XOI�?"MT�H"�� I�E�]�H��%
J"E�G� �� ��B�� P B�C D ����T�N�� _Z�?>�����E�G�X
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G?���OI�?"MT�H"�� I�E�]�H��%B�� PD B�C 
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JH�I (Chen et al, 2008) _Z�?E��%�E�I�����C�� �� ��
�]G"���� I� ���K�N>��NB�� PID FN%���C�� �� ��
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FN%��� 

1K Kβ= ,  
2 iK K T= ,  3 dK K Tγ=  

 

        ( )4 1K K β= −  B�C ( )5 1 dK K Tγ= −  

 
 

�OG�PK 10 "-�.����/�����3���
�#��)0�)��"�� 
PID 1'0
�7��	�
�)'�$�8�	���"�� PD 
 

$���������� 5  I� 1K , 2K  B�C 3K  ���JDW LG
 I�G�����I�"
%�%
G?��� �� ��B�� PID H�LG LG
 I� pK , iK  B�C dK ����T�N�� B�C�T�H��� I� 4K  B�C 

5K  H�VNW$������N�G?FN% I����E�LG�JDW LG 0.34 B�C 
0.14 ����T�N�� _Z�?�����O T�"�^H� I�>�����E�G�XOI�?
"MT�H"�� I�E�]�H��% β  B�Cγ  _Z�?E�S" I����G%PI�CH�I�? 0 
OZ? 1 VNWE�I���� 0.87 B�C 0.78 ����T�N�� _Z�?E�S" I�OI�?
"MT�H"��_Z�?�N I�FGE�G�XDP�VNWV�I���"�� B�W�I�$�����
�N�G?$C>��I����GG�B�� I�OI�?"MT�H"��B�� PD 
�����O�T�$�NFGE�G�XDP�VNW���$"E�LG�H�NV� B�I�T�JHW
K��G��"G?E��N������"���BG�>��$PN��T�[V�I���E��%�"�� 
B�C�T�JHW�� I�E��� ?��� (Setting Time) ���
ZM" 
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�#��)0�)��"�� PID 9:�
�;
&
01'0
�7��	�
�)'�$�8�	���"�� PD $!;���
��#��
)0�)��������!�"�� PID 
 

 
 

�OG�PK 12 �'0����� A ��
-�&�����
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�OG�PK 13 �'0����� B ��
-�&�����
&���3�!;� 11 
 

 
 

�OG�PK 14 �'0����� C ��
-�&�����
&���3�!;� 11 
 

$�����GG�B���C�� �� �����>�D�X_Z� ?
��C�G�V�NW�% �I�"������� I���UU�^ �� �� �I�"

G?��� �� ��B�� PID FN%H� I�G�����I�"
%�%$��
����N�G? B�C�I�"��N�W�% LG���GG�B�����OI�?
"MT�H"�� I�E�]�H��%B�� PD �����O"T���E
�%"
BK"Y�>��RG�
G?�C�� �� �����>�D�XVNWN�?�P���� 15 

 

 
 

�OG�PK 15 "-�.����/����
�#��)0�)��������!� 
 

2. ��������������	��
��	����
	��� 
�C�� �� �����I�"��C�G�����T� �U 3 �I�" 

�I�"B�� LG �I�"�������� I� ���K�N>��N �I�"����G? LG
��� �� ��B�� PID B�C�I�"��N�W�% LG�������B�C%IG

%�%��UU�^ �� ��$����� �� ��B�� PID JHWE�S"
��UU�^ �� ��E
W��PI��C��"��� 

 

�����	��
��	����
	�������������� 
BK"Y�>��RG�
G?�C�� �� ��B�N?N�?�P���� 

16 FN%��� refθ&   LG I� ���E�R��G�
G?F�E�G�XGW�?G�? 

refβ   LG I����>�D�XGW�?G�?�]G"E
W���C��"���  

sβ  LG I���� ?���
G? ���K�N>��NE��"����� 
β   LG��UU�^���>�D�X$����C��"��� 

1θ  LG ��UU�^�]G"�������
G?F�E�G�X  

2θ  LG ��UU�^�]G"�������
G?�GE�G�X
 

Gβ  LG �C�� �� �����>�D�X 
B�C
 
Gθ  LG �C�� �� �� ���E�R��G� 
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^��������� 
K�����N�G?�C�� �� �� ���E�R��G�
G?

��?H�"��
"�NE�R� B�I?GG�E�S" 3 �I�"NW�%��" LG K�
$���N�G?�����N��� I� ���E�R��G�
G?F�E�G�X���
�WG?��� K�����N�G?�Y�>�"��"J"������@�
 ���E�R��G�
G?F�E�G�X�IG���E����%"B��?
G?�� B�C
K�����N�G?��� �� �����NT�E"�"?�"
G?��?H�"�� 

����N�G?�����N��� I� ���E�R��G�
G? 
F�E�G�X����WG?���"�M"������T�H"NE?L�G"V
B�C��!����
�N�G?_Z�?�����OG!���%VNWN�?"�M LG �T�H"NJHW�����JDWJ"
����N�G?�� ���E�R� ?��� �T�H"N��UU�^G�">��GW�?G�?
 LG  ���E�R��G�
G?F�E�G�X����WG?��� _Z�?E�S"��UU�^
 �� ��B��
�M"��"VN FN%����N�G�$C�T����
����E����%" I�G�">��GW�?G�?"�MV���E>L�G>�$��^�K����
��N��� ���E�R��G�
G?�C�� �� �� B�CK��G��"G?

G?�C�� LG ��UU�^ ���E�R��G�
G?F�E�G�X$��?$��
�����N ��M?"�M�C�� �� ��_Z�?OP��T�H"NJHW��G�������
E����%"B��? ���E�R��G���������NE�I���� 10 �G��IG
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��"��� E�L�G��UU�^G�">��GW�?G�?����T�H"NJHW��G�������
E���� %"B��?��� �P ?��I �$C�T�JHW �C�� �� ����W�?
��UU�^ (E�W"��C) 
ZM"JH�IE>L�GJDWE�S"G�">��GW�?G�?N�? 
B�N?J"�P���� 17 _Z�?EHR"VNWD�N�I��C�� �� �������O
��N��� ���E�R��G�VNWE�S"G%I�?N� 

 

 
 

�OG�PK 17 -����!���
���&��&��)'�)0��$�/0�����
 
��$&���!;�&��
���  
 

����N�G?�Y�>�"��"J"������@� ���E�R�
�G�
G?F�E�G�X�IG���E����%"B��?
G?��������T�H"N
E?L�G"V
B�C��!�����N�G?_Z�?�����OG!���%VNWN�?"�M LG 
�T�H"N��UU�^G�">��GW�?G�? ?��� �T�H"N ���E�R������
>�NKI�"��?H�"�������E����%"B��? FN% I� ���E�R������
JDW����M?��M" 3  I� _Z�?��K�����N�G?B�N?N�?�P���� 18 B�C 
19 B�N?JHWEHR"�I��C�� �� �������O���@� ���E�R�
�G�
G?F�E�G�X ����Y��C ?���
G? ���E�R��� I��I�?[VNW
E�S"G%I�?N� B�CJ"DI�?��� ���E�R��������E����%"B��?
�I?K�JHW I�E����%
G? ���E�R��G������E����%"B��?V�
$�� I�G�">��GW�?G�?J"DI�?��M"[��C��^ 1-2 �G��IG"��� 
B�C�������� ���E�R��G�E����%E�I�EN��G�� ��M?Y�%J"
E�����C��^ 10 ��"���  

 

 
 

�OG�PK 18 -����!���
�.��!�!��������
�@�
)0��$�/0�����
��$&���  

 
 

�OG�PK 19 �
AA� )0�)��$����3'��#�0���� �����
!���
 �.��!�!��������
�@�)0��$�/0��� 
��
��$&���  
 

����N�G?�C�� �� �����NT�E"�"?�"
G?
��?H�"��B�N?V�WJ"�P���� 20 FN%������T�H"NE?L�G"V
B�C
��!�����N�G?_Z�?�����OG!���%VNWN�?"�M LG �T�H"N I�
G�">��GW�?G�? ?���V�W��� I�H"Z�? I�JN��M?B�I��?H�"��E�����W"
����T�?�" �T�H"N ���E�R���E����%"B��?FN%$T��G?
B��B�C���@^C���E����%"B��?���E��N
ZM"���!���D��� 
E>L�GNPK����NT�E"�"?�"
G?��?H�"�� K�����N�G?�C��
 �� �����NT�E"�"?�"
G?��?H�"��N�?�P���� 20 �����O
G!���%VNWN�?"�M LG ���E���E�����W"��?H�"���������>�D�XV�
%�?�T�BH"I?E�����W"�T�?�" LG������ ?���E�I���� 45 G?�� 
$��Y�>��C��^��� 5 ��"���B��$CEHR"�I����E����%"���
N�?��I���I?K��T�JHWF�E�G�X�����H��"H�LG
%��V�E�R�"WG% 
B�IE"L�G?$��%�?V�I����>�NKI�"E
W���$Z?H%�NV�G�� ��M? 
H���$��"�M"E�L�GJHW ���E�R��� I�H"Z�?_Z�?�P?>G F�E�G�X$Z?
 ���E�R��G��P?
ZM"E�L�G%[FN%���>�D�X%�? ?��� 45 G?�� 
B�CE�L�G I� ���K�N>��N
G?�C���N��T��?�����I� I�
����� ���K�N>��N I��P?��N��� ± 28.65 �G��IG"��� �T�
JHW�C�� �� ��E�����T������N��� I���UU�^G�">��
GW�?G�? H��?$��"�M"�T����������J"�� �̂ ���E�R���E�S"
�P"%X ���E�����C��^��"������ 50 N�?�P� �T�JHW ���E�R�
�G�
G?F�E�G�X�N��T��?E�L�G%[ _Z�?>��I��C�� �� ��
>%�%������H����>�D�X����T�JHW�����O��N��� I�
 ���E�R��G�GW�?G�?VNW B�IE�L�G I� ���E�R��G�
G?F�E�G�X
�N��T��? �T�JHW I���UU�^ ���K�N>��N���
ZM"$"E��"
 I������ ���K�N>��N ���>�D�X
G?��?H�"�������������
E�����W"��� 45 G���G�� ��M?H"Z�? H��?$�����E�����C��^ 
100 ��"��� JHW ���E�R�����T�[_Z�?�T�JHW��?H�"��H��"V�
B�I�� I� ���K�N>��N�P?��I� I������ ���K�N>��N 
���>�D�X%�? ?���E�I���� 45 G?�� >�$��^��IGFN%JHW��_Z�?
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�� ���E�R��P?
ZM"�C������V�����E����%"���>�D�XE>L�G
��N��� I���UU�^G�">��GW�?G�?G�� ��M? _Z�?$��K����
�N�G?B�N?JHWEHR"�I��C�� �� �������O �� �����
NT�E"�"?�"
G?��?H�"��VNWN� 
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"�
G^��������� 
�C�� �� �����>�D�X ��G��������������>�D�X���

�P?J"DI�?���E�����W"�T�?�" �T�JHWK��G��"G?E��N���
B��I? IG"
W�?��� ?�"��$�%"�M$Z?JDW����N���B��I?NW�%
E� "� G�">��ED��c? ���T����GG�B��E>L�G�N���B��I?
N�?��I�� K�
G?���$T��G?���GG�B��NW�% G�>��E�G�X
B�C����N�G?JDW$��?�����?H�"��>��I��� I�J��WE �%?��" 
_Z�?�����OJDW�N���B��I?���E��N
ZM"VNWG%I�?��� 

����N�G��C�� �� �����>�D�XJ"DI�?���JDW
?�"����������E����%"B��?G%I�?��NE�R�J"DI�?E�����M"[
>��I�K��G��"G?E��NFGE�G�XDP�
ZM" ?�"��$�%"�M$Z?JDW���
GG�B�� I�OI�?"MT�H"��E�]�H��%B�� PD E>L�G�N���E��N
FGE�G�XDP�N�?��I�� K�
G?����N�G�B�N?JHWEHR"�I�
�����O�N I�FGE�G�XDP����E��N
ZM"VNW B�I����T�JHWFGE�G�X
DP�H�NV��T�JHWVNW���K��G��"G?���DW��?B�CE��N������"

ZM">G�� �� $Z?�T�JHWE�LG�JDW I�_Z�?�N���E��NFGE�G�X- 
DP��?��?�I�" 

���GG�B���C�� �� �� ���E�R��G� _Z�?E�S"
�?�G�Y�%"G�
G?��� �� ��B���IGE��%?_Z�?OLG�I�
�C�� �� �����>�D�X���VNWGG�B��V�WB�W��IG"H"W� LG
�I�"H"Z�?
G?��C��"���J"��� �� �� K�����N�G?
�C�� �� �� ���E�R��G�"�M��C�G�V�NW�% K����
�N�G?�����N��� I� ���E�R��G�����WG?��� K����

�N�G?�Y�>�"��"J"������@� ���E�R��G�JHW ?���
E"L�G?$����_Z�?E����%"B��?V� B�CK�����N�G?���
 �� �����NT�E"�"?�"
G?��?H�"�� _Z�?K�����N�G? 
����VNW�I��C�� �� �������O��N��� I� ���E�R��G�VNW
N� ���Y�>�"��"�IG���E����%"B��?
G? ���E�R������N� 
B�C�����O �� �����NT�E"�"?�"
G?��?H�"��VNW
EH��C�� 
 

����"����� 
���GG�B���C�� �� �� ���E�R��G�_Z�?JDW

E� "� ���_��_WG"H�LGG���% ���B�I"%T�J"���H������
 �̂������X
G?�C�� _Z� ?$C���I�"E>���J"���E>���
��C���!�Y�>J"��� �� ��$T�E�S"�WG?G���%��UU�^
�]G"����E>���E��� EDI" ������$�PW ���E�R��� 

��UU�^�]G"�������>�D�X���JDWJ"?�"��$�%"�M
G���% ������>�"!X�CH�I�? I� ���B���I�?
G?������F�
E�G�XH��"V�����������G�XE�G�XH��"V� �T�JHWE��N I� ���
K�N>��N�C��E�L�GJDWV�E�S"E���"�" E�S"��EH���T� �U
J"���E��N ���K�N>��NJ"��� �� ��  I� ���
K�N>��NN�?��I�� ��VNW������DNED%E>L�G�NH�LG�T�$�NJHW
H�NV�JHW��������N 

���E>�����C���!�Y�>J"��� �� �� ���E�R�
�G�
G?F�E�G�X_Z� ? E�S"D�M"�I�"��?�����H��"G%PI�"
�E�E�G�X $T�E�S"�WG? T�"Z?OZ?����I���P"%X���?�CH�I�?
D�M"�I�"��M?�G? E"L�G?$��E�S"V�VNW%��H�LGG�$E�S"V�
V�IVNWE�% J"���B�WV
>�������V�IN���?G%I�?_Z�?�I?K�
��%�?K��G��"G?
G?��� �� �� 
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