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Abstract: Scanning mirrors are often used to acquire space electro-optical information. Some applica-

tions have higher requirements for the fast start-stop response and pointing accuracy of scanning mirrors.

According to the motion mode of a permanent magnet synchronous motor when it is driving a scanning

mirror, a motor Simulink simulation model using three-closed-loop vector control strategy is established.

A method which uses the sectional Proportional Integration Differentiation (PID) algorithm to control

position loop is proposed. The results show that compared with the traditional PID, the sectional PID

can enhance the response speed of the system. At the same time, it can also improve the control accuracy

and stability of the system to a certain extent.
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1 PMSM ZA[B
	��0 PMSM �"%',�(123�
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Usd = Rsid +
dψsd

dt
− wψsq (1)

Usq = Rsiq +
dψsq

dt
+ wψsd (2)

#4�.	[
ψsd

ψsq

]
=

[
Lsd 0

0 Lsq

][
id

iq

]
+

[
ψf

0

]
(3)

�#+5�.	

Te =
3
2
pn(iqψf + (Lsd − Lsq)idiq) (4)

�
/6� PMSM �� Lsd = Lsq = L �1

�

Te =
3
2
pniqψf =

3
2
pn(ψsdiq − ψsdid) (5)

2 id = 0 �(0


Te =
3
2
pnψsdiq (6)

�3�.	

Te = TL +Bω +
J

pn

dω

dt
(7)

��� Usd � Usq 	 dq Æ��)�0 ψsd �

ψsq 	 dq Æ��)#4 id � iq 	 dq Æ��)

�3 Lsd � Lsq 	 dq Æ��)�� ψf 	'

#/<1=�#7 pn 	��> Te 	�#+

5 TL 	!�+5 ω 	�33 !�B 	

72-> J 	+!4	�

2 PMSM C\[B]^_
PMSM -��?&�8/5	6�4��

#0�"%',5786 [3] � PMSM @3��
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��0�C PMSM >9-��-*��5

' PMSM D0��!��	�3���A	"
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: Park496 dq Æ/+.�-��06�3�

��	 Id �Iq 	71IJ Isd(Isd=0)�Isq 87
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? Park 49	��A	@A9% (Space Vector

Pulse Width Modulation, SVPWM) �06@:A
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N 1 PMSM OKL2MN

2.1 SVPWM 34

SVPWM $+@?4�	��;5&>A

/���0��A	*506ABB��C�

#A���C>?4��!D-�)I> PWM

+��>N! PMSMD!�SVPWM )-�-J

� 4>-J*���B�ÆO�1=-J�X �

Y �Z 1=-J� t1 � t2 1=-J	PQ PWM

+1=-J� SVPWM ,+-JFE 2 <G�

N 2 SVPWM RS

2.1.1 `Æa6bcd

IJ	 Ualfa 	 Ubeta � B0 = Ubeta � B1 =
1
2 (
√

3Ualfa −Ubeta) �B2 = 1
2 (−√

3Ualfa −Ubeta) �

(>06 B0 �B1 	 B2 �; B0 > 0��a=1�E

1 a=0; B1 > 0��b=1�E1 b=0; B2 > 0

��c=1�E1 c=0��E N 	 N = 4c+2b+a�

(0ÆO�1=-J�

2.1.2 X � Y � Z 6bcd

� X = Ubeta � Y = 1
2 (
√

3Ualfa + Ubeta) �

Z = 1
2 (−√

3Ualfa +Ubeta) �(0 X � Y � Z 1=
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2.1.3 T1 � T2 6befcd

-.ÆO T1 	 T2 � X � Y � Z �F�/

C�F/ 1 ���(0 T1 � T2 1=-J�

7 1 8g`Æ T1 h T2 ijk X ,Y h Z lmn

Sector D E F G H Æ

T1 -Z Z X -X -Y Y

T2 X Y Y Z -Z -X

2.1.4 op PWM 96bcd

� taon = 1
2 (PWMPRD − t1 − t2) � tbon =

taon + t1 � tcon = tbon + t2 (04	 taon � tbon

	 tcon �GTÆO;-C�I���:U�VC

Ta � Tb 	 Tc �IJ Ta � Tb � Tc �	�3+-

J487��
�3+�1 PWM +I> 1 �E

1I> 0 �1;PQ PWM +I>6?4���

2.2 Park <=>34

Park ?49-J; Ud � Uq �B�/+.

�-496;4=;.�-�;J PMSM �:

06��3�K>P���L(>06�33�

Theta ��49-JFE 3 <G�

N 3 Park WMHRS

2.3 ?@ABCD34

PID"%*.I8X— *�—P�"%�)

���)$�QG� �?&�0YN48�JK

���LH"%ZI [5] �[=B e(t)�71B r(t)

?�MI>B c(t)��=B
 e(t) = r(t)− c(t)
u(t) 	[=B e(t) �8XJ��*�J	P�J

4 �06���I/C�	

u(t) = Kp

[
e(t) +

1
T1

∫ t

0

e(t)dt+
TDde(t)
dt

]
(8)

��� Kp 	8X->� TI 	*���3>�

TD 	P���3>�

(;�3�\E&N(44�=�-�@

-	 I �-��(KL8XP� (Proportion In-

tegration, PI)9=��OM"%�N��44�

=�> �-����

�3��	;Q PI "%@Q


(1) O� Iq �9=-J

�IJ	��!���I>7	 Isq 	�3

�:49�� q Æ�	 Iq �<: PI 7>9=�

5	�3�I> Uq �

(2) O� Id �9=-J

�
(���� id=0 �A	"%*.��

IJ	 Isd=0	�3�:49�� dÆ�	 Id �

<: PI 7>9=�5	�3�I> Ud �
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N 4 P]OL2^RS

2.4 FGABCD34

	�MQ!��==�!��5� PI 9=

�@-�R�-��IJ	��D0�I>	

��+!�:�!� wm �<: PI 7>9=�
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N 5 RSOL2^RS

2.5 HIABCD34
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�! ���JS�
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7��QG> 7�[=�;�=[=
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��D0����P PID "%*.�(�UR

����!��.�<(-�V9	QT�

�P PID "%*.�/C�	

u(k) = α·Kpe(k)+β·KI

k∑
j=0

e(j)T+
KD

T
[e(k)−e(k−1)]

(9)

�P PID "%*.�TSF&


(1) GTL.<T	�M9UA��5�[

=KB ε >0 �

(2) ;-�+( |e(k)| > ε VQ��WB-�

[=X���� PD 9=�K�
;� Kp 7>

-> α�.��50 KI 7>->	 0��
��

R!YD!�� !�	D0�4
7��D0

� PID9AI>7��������K�4�7

(W +(������� Kp 7>-> α �>

UR�V9	-$
X��

(3) ;-�+( |e(k)| ≤ ε VQ��[=<


7(�O��	��������!��(K�

7�� Kp 7>-> α �)@: J
;� KI

7>-> β ��*9=�#��(>� 7�

�D0U-�

E 6 <G	D0�"%-J�

N 6 ZLOL2RS

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.5, May 2017



42 � � 2017 ? 5 @

�4?4�	 PMSM -J(>8?�

Simulink _�9��XVE 1 <G�"%:E

;S>)-J*5�&`�5'>��A	"

%-�,+-��FE 7 <G�

N 7 [OOKL2\]TWRX

3 qDrs
� Simulink �G&��C��A	"%-

��*,+� PMSM 7>50���)4�,

Rs=11.2 Ohms��^�� L=31.2 mH�+!4	

J=0.00095 Kg·m2 �=72% Tf=0.00001 N·m �
��> np=6 ���%53>	 0.95 N·m/A �I

Ja��0 Udc=30 V �-�Y!� Tm=0.1 N·m
�!�D0�IJ	 0.1 U� (5.7 Z)  �NY

IJ�

�B����� PID 	�P PID � PMSM

�[�-���D0��*,+�K� 0.01 	

KB�> 0.1 U�	NY� 220 ms 	&>NY:

U�(06��	�P PID D0� �I>�

��b��FE 8 <G�

��	�P PID D0�I>K=b�FE

9 <G�

E 9����	�P PID7>\Z�*A�

)
�����	D0_��\7V�E 8 �D

0�I>��b�/B �47
��� PID "

%��P PID "% PMSM  �D!(��D0

����!��<(9A���.�W(���

��_�4� XV�+(-����E�!

�""%�
�E 9 �D0�I>K=b�

N 8 ]]YZ[ PID ZLO^c`_`[\da

N 9 ]]YZ[ PID ZLO^c`_bada

/B�47
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�	��!�\06�)
�/ 2	�� PID

	�P PID�"%4 7>�(�& \>�D

]V9	(�9A��b��M=57(�

7 2 tu PID hNv PID lwxyzO{

cdK d^c\ ePa

^c 1 18.88 f 40 ms 6.798 g

Z[ PID ^c 2 25.75 f 36 ms 7.828 g

^c 3 24.72 f 37 ms 7.931 g

^c 1 50.47 f 59 ms 36.05 g

]] PID ^c 2 45.32 f 72 ms 22.66 g

^c 3 43.26 f 73 ms 31.93 g

4 r|E
O����������! ��"	�

����
��-��*�'-,+�)�

D0������	�P PID ;�"%*.�

47
��� PID "%*.�
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