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PMSM speedradjusting system based on disturbance observer and
finite-time control
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Abstract : Based on the vector control speed-regulation system of permanent magnet synchronous motor , a compound
control method is proposed. First, a disturbance observer is used to estimate the disturbance value of the system
which is caused by model parameters change and load change. Then, this estimated value is used to construct a
feedforward compensation which is added to the control input. Subsequently, the finite-time control theory is applied
to the feedback control design for the forward channel. Finaly, a relationship between the parameters of controller
and the convergence performance of speed error is given. Smulation results show that the finite-time controller based
on disturbance observer has a stronger anti-disturbance ability and a better convergence performance.
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Matlab 7.0.4  Smulink
P = 0.75kW,
Tn =2.387N- m,

Vi =103V, R=1.75Q,
L =4mH, J=1.78%x10"kg- m*,
B =7.403%x10°°N- ms/rad, Pn =
4, Yi = 0.1267Wb.
+ 12A.

nv = 3000rpm,
In =4.71A,

FTC + DOB
P+ DOB

T = 0.0004s. ,
1) ;2)

(6) , a =0.5,k=3.6;
9, k = 0.28. W, =
500rpm, 0.4sn(40t), 0.2s
T. = 4N - m.
3 5 , ;
FTC + DOB ,
, . ,FTC
+ DOB

( 5 0 0.02s ,

12A).

4 , FTC +

DOB 1.4rpm,



1031

500F =
=
£ 400
£ 300}
g
S 200t
8
2 100} ——— P+DOB
—— FTC+DOB
% 0.01 0.02 0.03
t/s
3
502
E Vo
E o498t v 7
E ‘I /,
g Vo
§ 494}
=X ——— P+DOB
—— FTC+DOB
4%(.)198 0.202 0.206 0.212
t/s
4
12
8
<
4
——— P+DOB
" —— FTC+DOB
0 0.1 02 03 04 05
t/s
5 i
2ms; P+ DOB
52rmpm,
8ms. , ,
( References)
[M].

, 1997.
(Tang R Y. Modern permanent magnet synchronous
motor theory and desgn [ M ].
Industry Press, 1997.)

Beijing: Machinery

[J1.
, 2005, (1) : 1-7.

(Huang J R. Modern control theory and speed

(3]

[4]

(5]

[6]

(7]

(8

—_—

[9]

[10]

[11]

adjustment of AC motor [J].
Locomotives, 2005, (1) : 1-7.)

Electric Drive for

’ 1

[J]. , 2005, 39(3) :
426-433.
(Yang W Q, Ca X, Jiang J G. Siding mode variable
structure speed control with integral action for vector
controlled asynchronous motor [J]. J of Shangha
Jiaotong University , 2005, 39(3) : 426-433.)
La C K, Shyu K K. A novel motor drive design for
incremental motion system via diding-mode control
method [J]. |IEEE Trans on Industria Eectronics,
2005, 52(2) : 499-507.

[J]. , 2007, 27
(15) : 1-7.
(Sun K, Xu Z L, Gi K, et a. A novel position
controller of PMSM servo system based on active
disturbance rejection controller[J]. Proc of the CSEE,
2007, 27(15) : 1-7.)

[3]. , 2005, 35(9) : 13-16.

(Chen C, Li S H, Tian Y P. Active disturbance
rejection control of PMSM speedradjusting system[J].
Electric Drive, 2005, 35(9) : 13-16.)

[J]. , 2008, 28(24) :

118-123.
(Liu Z G,Li SH. Active disturbance rejection based on
permanent magnetic  synchronous motor mode

identification and compensation[J]. Proc of the CSEE,
2008, 28(24) : 118-123.)

Wang GJ, Fong C T, Chang K J. Neura-network-
based sdlf tuning PI controller for precise motion control

of PMAC motors [J]. IEEE Trans on Industria
Blectronics, 2001 , 48(2) : 408-415.
) , . PM SM
[3]. , 1997, 12(5) :

1-4.
(XuQ,JiazZC,LiL R. Adaptive controller of PMSM
servo drives with load torque disturbance compensation
[J]. Transof China Hectrotechnica Society, 1997, 12
(5) : 1-4.)
) . DOB
ZPETC [3].
2006, 21(5) : 111-114.
(Zhao X M, Guo Q D. Linear servo robust tracking
control based on DOB and ZPETC to improve the
contour machining precison [J]. Trans of China
Electrotechnical Society, 2006, 21(5) : 111-114.)



1032

24

[J3]. , 2004, 40(12) :
164-167.
(SunL N, CuiJ, QuD S. Research of discretetime
distrunbance observer for linear motor[J]. ChineseJ of
Mechanical Engineering, 2004, 40(12) : 164-167.)

[12] Umeno T, Hori Y. Robust speed control of DC servo-
motors using modern two degrees of-f reedom controller
desgn[J]. IEEE Trans on Industrial Electronics,
1991, 38(5) : 363-368.

[13] Kim B K, Chung W K. Advanced design of
disturbance observer high performance motion control
systems[ C]. Proc of the American Control Conf.
Anchorage, 2002: 2112-2117.

[14] IshikawaJ, Tomizuka M. A novel add-on compensator
for cancellation of pivot nonlinearities in hard disk
drives[J]. |EEE Trans on Magnetics, 1998, 34 (4) :
1895-1897.

[15] RyooJ R,Jin KB, MoonJ H, et a. Track-following
control usng a disturbance observer with asymptotic
disturbance rejection in high-speed optical disk drivers
[J]. IEEE Trans on Consumer Electronics, 2003, 49
(4) : 1178-1185.

[16] : , . SCARA

[3]. , 2007, 35(7) :

149-152.
(Me ZQ,Li YD, Li X G. Disturbance compensation
to the joint servo system of SCARA-type manipulator
[J]. Machine Tool & Hydraulics, 2007, 35(7) : 149
152.)

[17] Komada S, Machii N, Hori T. Control of redundant
manipulators considering order of disturbance observer
[J]. IEEE Trans on Industria Electronics, 2000, 47

system[J]. Proc of the IEEE, 1994, 82 (8) : 1253
1265.

[20] Bertoluzzo M , Buja G S, Stampacchia E. Performance
anadyss of a high-bandwidth torque disturbance
observer [J]. IEEEf ASME Trans on Mechatronics,
2002, 9(4) : 653-660.

[21] , , .

[J]. , 2003, 33(2) : 18-20.

(LiJ, Yang G, Dou Y X. The effect of time delay on
the performance of disturbance observer in digita
contol [J]. Electric Drive, 2003, 33(2) : 18-20.)

[22] Hong Y G. Finite-time stabilization and stabilizability
of a class of controllable systems[J]. Systems and
Control letter , 2002 , 46(2) : 231-236.

[23] Huang X Q, Lin W, Yang B. dobal finitetime
stabilization of a class of uncertain nonlinear systems
[J]. Automatica, 2005, 41(5) : 881-885.

[24] : :

[3]. , 2007, 33
(1) : 101-104.
(Li S H, Ding S H, Tian Y P. A finitetime state
feedback stabilization method for a class of second
order nonlinear system[J]. Acta Automatica Snica,
2007 , 33(1) : 101-104.)

[25] Bhat S P, Bernstein D S. Geometric homogeneity with
applications to finite-time stability[J]. Mathematics of
Control Sgnals and Systems, 2005, 17(2) : 101-127.

[26] Li S H, Tian Y P. Finitetime stahility of cascaded
time-varying systems[J]. Int J of Control , 2007, 80
(4) : 646-657.

[27] Hong ¥ G, Wang J K, Xi Z R. Sabilization of
uncertain chained form systems within finite settling

(2) : 413-420. time[J]. IEEE Transon Automatic Control , 2005, 50
[18] , , ;o (9) : 1379-1384.
[31. , 2005, 41(11) : [28] Bhat S P, Bernstein D S. Finitetime stability of
15-19. continuous autonomous systems [J]. SIAM J on
(Wang ZW, Zhang C S, Yang Q J, et a. Design of Control and Optimization, 2000, 38(3) : 751-766.
high performance robust controller of pneumatic servo [29] CGodler I, Honda H, Ohnishi K. Desgn guidelines for
system[J]. Chinese J of Mechanica Engineering, disturbance observersfilter in discrete time[ C]. 7th Int
2005, 41(11) : 15-19.) Workshop on Advanced Motion Control. Piscataway :
[19] Ohnishi K, Matsui N, Hori Y. Estimation, |EEE Press, 2002 : 390-395.
identification, and sensorless control in motion control
( 1027 )
[8] . He [M]. : , 2002.
, 1996. (Yu L. Robust control — Linear matrix inequality

(Sheng T L. The theory and application of H-. control
[M]. Bdjing: Tsinghua University Press,1996.)
[9] : — [M].

method [ M ]. Beijing: Tsnghua University Press,
2002.)



