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1 Ú ó

�X>å>fEâÚ��Eâ�uÐ, [^
ÓÚ>ÄÅ (PMSM) ®3y�p5UpÑXÚ¥
��
4�2��A^,PMSM ò�5�õ/O�
DÚ>Å, A^cµ�~W*, Ïé PMSM �
ïÄ´�~k¿Â� [1]. �C�ïÄL²,PMSM
DÄXÚ3,
ëê9ó�^�e¬¥y·b1
� [2−5], ÙÌ�Ly�=ÝÚ=��m���!�
�5U�Ø½!XÚØ5K�>6D(�. du
ù«·by�é PMSM �½$1�~k³, Ïd
k7��±³�. C 10 c5, �«ØÓ����{
®�^u>Å·bXÚ���. ,, 8c PMSM
·b���ïÄ�.Ñvk�Ä>ÄÅ���Ñ
\, =��Ä>ÅXÚ3½$1�ã�m�â
,ä>��/. y¢¥, >ÄÅ���>Øé>Å
�ÄåÆ1�ké�K�, ÏdïÄäk��>Ø
� PMSM ·b$Ä�	½äk¢S¿Â¿kÏu
nØ(J�ó§A^.

Ã���{´�«ÄuÃ5nØ���
5XÚ����{ [6,7]. éu·bXÚó, �±�

âÃ5nØ�E�"��ì, ¦�4�XÚ¤�
ÃXÚ�±½, l����·b8�. C
c5, Ã5nØ3·bXÚ	½�A^ïÄÉ�
<��ÊH'5. ~X,Qi[8],Zhang Ú Qi[9] �âÃ
5nØ, Äk©Û
òAa·bXÚ���Ã
XÚ�Ä�^�, ,�3dÄ:þ, �OG��"
��ì¢y��� ·bXÚ3?¿²ï:þ�
ìC½, ¦��ïÄL², |^��Ã��ü
ÑéXÚ¥�·b1�¢1����, �±�ØX
Ú¥�·b$Ä, ü$XÚg-�Ä��³, ¢y
XÚ�¯�½. Wang Ú Liu[10] |^ÃXÚ�
k�½A5, �Eg·A��ì, éäk 4 µ/
·bXÚ?1��, ê��ý(JL²
¦�¤æ
^�{�k�5. ±X��<JÑ�aÃ�"�
��{, ¢y
>Ø�ª Buck C�ì�·b��,
¦�Äkæ^êâæ��ªïá
��XÚ�S
�N��§, ,�|^ê�O�(½ÑÃ�"�
�rÝ�N!��, ¿é'©Û
XÚ�\��c
�� Jacobian Ý
A��;,, ��^�ýÚ¢�
(Jy¢¦�¤æ^����ª�±k�¢yX
Ú·b1��³�, ÿ°Ñ\>Ø�½��, ~
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�>ØÚ>6«Å [11]. ,��¡, g·A���{
3¹kØ(½5ëêXÚ��¥�A^ïÄÉ�
<��2�'5. <�Ï~^g·A�{5�ØØ
(½5ëêé��ì�K� [12−16]. �·bXÚ�
3Ø(½ëê�, �òg·A���{�Ã��
�{�(Ü, ±�ØXÚØ(½5�K�, ·�r
ù«���{¡�Ãg·A���{. �©|^
Ãg·A���{éäk v/f ��Ñ\� PMSM
·b$Ä?1	½. ê��ý(JL², T��ü
ÑØ=1�k�, ëê�Ø(½5äk�r�°�
5. ïÄ(Jé�yäk v/f ��� PMSM �½
$1k�Ð�ë�d�.

2 Ã��5XÚÄ�VgÚÃ�
��{

Ã5L«ÑU�ä��«A5, Ã�ä¥
�Uþ6���÷v [6,7]: Ñ\�Uþ = ���U
þ − Ð©�Uþ + ÑÑ�Uþ. �Ò´`, �äØ
¬gC�)Uþ. Ã�ä�´�ÑUþØ�)
Uþ, ùéu�ä½59Ä�¬�ïÄé�.
dÃ�ä�±��ÃXÚ�Vg. ÃXÚ´
�a�ÄXÚ�	.kUþ���Ä�XÚ, 3
Ã�ä¥¤á�Uþ6��ªéuÃXÚ�
Ó�¤á. XÚÃ�±�±XÚ�SÜ½. é
u�3���Ø½XÚ5`, �
¦�XÚSÜ
½, ·��±�âÃnØ5�E�"��ì,
¦��A�4�XÚÃ�±SÜ½ [6,7].

e¡·�kÚÑÃ��5XÚVg, ,�0
�Ã���{.

�Ä����5XÚ

Ẋ = f(X) + g(X)u,

y = h(X), (1)

Ù¥G�Cþ X ∈ Rn, 	ÜÑ\þ u ∈ Rm, ÿþ
ÑÑ y ∈ Rm, f , g þ�1w��þ|, h �1wN
�.

½½½ÂÂÂ 1[6,7] XJ�3��¢~ê w, ¦�é
u ∀t > 0, Ø�ª∫ t

0

uTy(τ)dτ > w (2)

¤á, ½ö�3 ρ > 0 Ú��¢~ê w, ¦�Ø�ª∫ t

0

uT(τ)y(τ)dτ + w >
∫ t

0

ρyT(τ)y(τ)dτ (3)

¤á, @oXÚ (1) ¡�Ã��5XÚ. l±þ
�½Â�±wÑ, Ã��5XÚ�Ôn¿Â�
~²w, =XÚ�UÏL	ÜÑ\U5O\U
þ [17,18]. l��¡�Ä, �±|^ÃXÚ�ù«
ÔnA5, ÏL�\	Ü��5ÅÚ~���5�
�XÚ�Uþ, lü$XÚÑÑÌÝ, ¢yXÚ
�½.

- z = ϑ(x), @o (1) ª�±=�¤e¡��
�/ª:

ż = f0(z) + p(z, y)y,

ẏ = b(z, y) + a(z, y)u, (4)

ùp a(z, y) é?Û� (z, y) Ñ´�ÛÉ�. �âÃ
��5XÚVg, �±ÚÑe¡�Ún:

ÚÚÚnnn 1[6,7] XJXÚ (1) ´��� XÚ, (4)
ªò���ÃXÚ¿�3e¡�G��"�^
eìC½uXÚ²ï::

u = λ(x) + γ(x)v, (5)

ùp v ´	ÜÑ\. äNy²�ë�©z [6,7].
Ún 1 L²éu��Ø½���5XÚ, ·

��±�E (5) ��ì, ¦XÚ���ÃXÚ, l
¢yXÚ3²ï:�½.

3 äk v/f ��Ñ\ PMSM ·b$Ä
�Ãg·A	½

äk v/f ��Ñ\� PMSM �.´XeXÚ

did
dt

= −id + iqω + ud

diq
dt

= −iq − idω + αω + uq

dω

dt
= β(iq − ω)

ud = kdω

uq = kqω

(6)

ª¥,ω, iq Ú id �G�Cþ, ©OL«=fÅ��
�ÝÚ q, d ¶½f>6;α Ú β �XÚëê, ���
�. ¢S PMSM XÚ¥�XÚëêäkØ(½5,
=ù
ëê���¬�§Ý!D(�ó��¸!
^��CzUC. uq = kqω Ú ud = kdω ´ v/f
��Ñ\, Ù¥ kd > 0, kq > 0 ´��&Ò�OÃ.
©z [17] (Ü��5XÚ½nØÚê�©Û�
{éXÚ (6) �ÄåÆ1�?1
¿©�ïÄ. (
JL², XÚëê α Ú β äk´L���5ÄåÆ
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1�, �XÚëê�,
��¬¥y·b1�, ~
Xã 1(a) Ú (b) ©O´ëê�� α = 20, β = 5 �
>Å��mS�Ú·báÚf. >ÅXÚ�·b1
�ò¬î»�>ÅXÚ�½$1, $�¬Úå
DÄXÚ��$, ¤±XÛ	½>Å¥�·b$Ä
´��k¿Â�ó�.

ã 1 äk v/f ��Ñ\� PMSM ��mS�Ú·báÚ
f (ëê�� α = 20 Ú β = 5)

�
	½äk v/f ��Ñ\� PMSM �·b
$Ä, ·�ÀJ>Å=� ω ���8I, XÚ\\
��ì�L�ªXe:

did
dt

= −id + iqω + kdω,

diq
dt

= −iq − idω + αω + kqω,

dω

dt
= β(iq − ω) + u,

y = ω,

(7)

ùp u ´��ì,  y ´XÚÑÑ. �âþ¡�V
g, ÚÑ·��Ì�(J.

½½½nnn 1 É�XÚ (7) ´��� XÚ.
yyy²²² b� z1 = id, z2 = iq ¿�Ä� y = ω,

É�XÚ (7) �±�¤ (4) �/ª:
ż1 = −z1 + z2y + kdy,

ż2 = −z2 − z1y + αy + kqy,

ẏ = β(z2 − y) + u,

@o (4) ª¥¤�ÎÒLãXe:

z = (z1, z2)

f0(z) = [−z1,−z2]T,

p(z, y) = [z2 + kd,−z1 + α + kq]T,

b(z, y) = β(z2 − y),

a(z, y) = 1. (8)

ÀJ��Ñ�¼ê:

V = W (z)+
1
2
y2+

1
2k1

(α̂−α)2+
1

2k2
(β̂−β)2, (9)

Ù¥ W (z) =
1
2
z2
1 +z2

2 ; α̂ Ú β̂ ©O´Ø(½ëê α

Ú β ��O�. §��U´~ê½��mCz��
§, k1, k2 ´?¿�~ê. (4) ª�"Ä�XÚL�
Xe:

ż = f0(z). (10)

�Ä (10) ª·�k
dW (z)

dt
=

∂W (z)
∂z

f0(z) = [z1, z2][−z1,−z2]T 6 0.

(11)
du W (z) ´ f0(z) � Lyapunov ¼ê, ¤±É�X
Ú�"Ä�XÚ´ Lyapunov ¿Âe�½, =É
�XÚ (7) ´��� XÚ [18,19]. y..

½½½nnn 2 éuÉ�XÚ (7), XJ�O�4�g
·A��ìäkXe/ª

u = −z1kd − z2kq − (α̂ + β̂)z2 + v,

˙̂α = k1z2y, (12)

˙̂
β = k2z2y,

@oÉ�XÚ�d��ÃXÚ�ìC½3�
��½�²ï:. d	, ��ìU
;�Ø(½5
ëê�K�.

3 (12) ª¥,v ´�	ÜÑ\&Ò, ˙̂α Ú ˙̂
β ´Ø

(½ëê α̂ Ú β̂ �g·AÇ. ?¿�Iþ k1, k2 �
±N�g·AÇ�5U.
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ã 2 äk v/f ��Ñ\� PMSM 3Ãg·A	½ì�^e�Ä��A� (a) G�Cþ id �A�; (b) G�Cþ iq �
A�; (c) G�Cþ ω �A�

yyy²²² é (9) ª÷X (7) ª;,È©, �±��
dV

dt
=

∂W (z)
∂z

ż + yẏ +
1
k1

(α̂ − α) ˙̂α +
1
k2

(β̂ − β) ˙̂
β

=
∂W (z)

∂z
(f0(z) + p(z, y)y)

+
1
k1

(α̂ − α) ˙̂α +
1
k2

(β̂ − β) ˙̂
β

=
∂W (z)

∂z
f0(z) +

∂W (z)
∂z

p(z, y)y

+[b(z, y) + a(z, y)u]y

+
1
k1

(α̂ − α) ˙̂α +
1
k2

(β̂ − β) ˙̂
β. (13)

� â ½ n 1, É � X Ú (7) ´ � � �   X Ú,

=
∂W (z)

∂z
f0(z) 6 0, ¤± (13) ªC¤±eØ�

ª:
dV

dt
6 ∂W (z)

∂z
p(z, y)y + [b(z, y) + a(z, y)u]y

+
1
k1

(α̂ − α) ˙̂α +
1
k2

(β̂ − β) ˙̂
β

6 kdz2y + αz2y + kqz2y − βy2 + βz2y

+uy +
1
k1

(α̂ − α) ˙̂α +
1
k2

(β̂ − β) ˙̂
β. (14)

r (12) �\Ø�ª (14), ·���:
dV

dt
6 vy − βy2. (15)

b�XÚ�Ð©G�� V0, ¿éØ�ª (15) ü>
?1'u�m t �È©, �±��:

V − V0 6
∫ T

0

v(τ)y(τ)dτ −
∫ t

0

βy2(τ)dτ . (16)

Ï� V > 0, - w = V0, ·�k∫ T

0

v(τ)y(τ)dτ +w >
∫ t

0

βy2(τ)dτ + V

>
∫ t

0

βy2(τ)dτ , (17)

ù�Ø�ª÷v½Â 1, �âÚn 1, É�XÚ (7)
´Ã�, ¿�3��ì (12) ��^eìC½

3���½�²ï:. ,��¡, dukg·AÇ
��Ø(½ëê, ¤±��ìU
;�Ø(½5ë
ê α Ú β �K�. y..

e¡·�ÏLê��[�y��ì�k�5.
v/f ��Ñ\&Ò�OÃ� kq = 0.3 Ú kd = 0.1. α

Ú β ëê���1n!��, �b�3�\��c
¿Ø��ëê���. 1 50 s \\�� u, ã 2 Ú
ã 3 ©O���Xê� k1 = 0.5, k2 = 1.5 ���
�(JÚëê���, dã��XÚ·b��é
¯��	½�²ï:, ¿�U�(��Ø(½ëê.

ã 3 ëê���

4 ( Ø

�c, PMSM ·b���ïÄ�.Ñvk�Ä
>ÄÅ���Ñ\. y¢¥, >ÄÅ�Ñ\>Øé
>Å�ÄåÆ1�ké�K�, ÏdïÄäk��
Ñ\>Ø� PMSM ·b$Ä�	½äk¢S¿Â
¿kÏunØ(J�ó§A^. �©òÃ��
�{�g·A���{�(Üéäk v/f ��Ñ\
� PMSM �·b��?1	½, ´��5���
{A^u¢Só§XÚ�kÃ�}Á. T���{
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��{B, ¿äk²(�Ôn¿Â, ´uó§¢y.
du��ì¥Ú\ëêg·AÆ, Ïd¤�O��

�ìäk;�XÚØ(½5ëêK��`:. ��
�ê��ýL²
T��üÑ��(5Úk�5.
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Abstract

A passivity-based adaptive control law is presented, which transforms the permanent magnet synchronous motor (PMSM) with

v/f controller into an equivalent passive system. It is proved that the equivalent system can be asymptotically stabilized at different

equilibrium points without any influence of undeterministic parameters. Simulation results show the proposed control law is very

effective and robust against the uncertainty in system parameters.
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