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Abstract: A Robust Iterative Learning Control (RILC) method by combining sliding mode control
with Iterative Learning Control (ILC) was proposed to suppress the effect of torque ripples on control
system and to improve the performance of speed servo system in a Permanent Magnet synchronous
Motor(PMSM) . An iterative learning controller was designed to reduce the periodic torque ripples
and a sliding mode controller was used to guarantee the fast response and strong robustness to further
enhance the anti-disturbance ability of the system. Verification experiments were carried out, and the
results demonstrate that when the motor is operating at a speed of 900 r/min, the robust ILC reduces

the 6th harmonics amplitude from 0. 89 to 0. 56. When a sudden load 0.5 N « m is added to the sys-
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tem, the robust ILC gives a maximum speed fluctuation of 22 r/min. Compared with PIFILC, the
speed fluctuation is reduced by 1. 4%. When the motor is operating at a speed of 60 r/min, the robust
ILC reduces the 6th harmonics amplitude from 4. 87 to 0.45. When a sudden load 0.5 N « m is added
to the system, the robust ILC gives a maximum speed fluctuation of 24 r/min. Compared with that of
a PI—ILC, the speed fluctuation is reduced by 23%. The experimental results indicate that the pro-
posed robust ILC method improves the dynamic and robust performance of the speed servo system and
suppresses the periodic torque ripples effectively.

Key words: Permanent Magnet Synchronous Motor(PMSM) ; Iterative Learning Control (ILC) ; slid-

ing mode control; torque ripple suppression; speed control
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2

PMSM

Fig. 2 Structural diagram of PMSM speed servo system based on RILC

3 DSP-FPGA

PMSM

Fig.3 Hardware configuration of DSP-FPGA based PMSM speed servo system

1
Tab.1 Parameters of PMSM

P/W
n/(r* min~ ")
L/mH
R/Q
K,/(Nem«+A™")
P
J/ (kg « cm®)

200
3 000
30.08
15.42
0.41

0.138

4

Fig. 4 Photograph of experimental platform
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(b)Phase A current responses

Experimental results of PI control at 900 r/min
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(a) (b)A
(a)Speed responses (b)Phase A current responses
7 900 r/min PFILC

Fig. 7 Experimental results of PFILC control at 900 r/min

(a) (b)A
(a)Speed responses (b)Phase A current responses
8 900 r/min  RILC

Fig. 8 Experimental results of RILC control at 900 r/min
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Tab. 2 Harmonics amplitudes of speed Tab. 3 Harmonics amplitudes of phase A
ripples current ripples
/th /th
1 2 6 3 5 7
PI 2.49 0. 20 0. 89 PI 0.004 9 0.029 5 0.004 5
PFILC 0. 37 0.11 0.79 PFILC 0.003 6 0.028 3 0.004 8
RILC 0.12 0.13 0. 56 RILC 0.002 3 0.024 7 0.004 2
(a) (A
(a) Comparison of speed spectra (b) Comparison of phase A current spectra
9 900 r/min
Fig. 9 Comparisons of the spectrum analysis results by histograms at 900 r/min
60 r/min , PI1. PIFILC, 12(a) o
RILC3 I, 10(b), 11(b). 12(b) I,
10~13 . 10¢a), 11Ca), o 4, 5,
(a) (b A

(a)Speed responses

10 60 r/min PI

(b)Phase A current response

Fig. 10 Experimental results of PI control at 60 r/min



10

2655

13 o

(a) (b)A
(a)Speed response (b)Phase A current response
11 60 r/min PEFILC

Fig. 11 Experimental results of PFILC control at 60 r/min

(a) (b)A
(a)Speed responses (b)Phase A current responses
12 60 r/min RILC

Fig. 12 Experimental results of RILC control at 60 r/min
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Tab.4 Harmonics amplitudes of speed ripples Tab.5 Harmonics amplitudes of phase A current ripples
/th /th
1 2 6 3 5 7
PI 1.25 1.38 4.87 PI 0.015 4 0.023 1 0.010 6
PFILC 1. 08 0. 83 0. 82 PEFILC 0.008 6 0.007 2 0.006 3
RILC 0. 91 1. 05 0.45 RILC 0.005 6 0.005 8 0.005 6
(a) (b)A
(a) Comparison of speed spectra (b) Comparison of phase A current spectrum analysis
13 60 r/min
Fig. 13 Comparisons of spectrum analysis results by histograms at 60 r/min
’ v ’ o PI_ILC
,PFILC RILC RILC o
, RILC 900 r/min R
o 6 . O. 5 ( N . m) ] 8 Ss
PI , 4. 87; PI-ILC 0.5(N * m) o \q
) 1, 92 H RILC ’ IL, A} Ia
0. 46, +57r/ . 60 r/min R
min, s 1, 5 ,
PI . 0.0231; PFILC \q I, N I,
s 0. 006 6; RILC »5 15 o
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(a) PFILC (b RILC
(a) Experimental results of PFILC with external disturbance (b) Experimental results of RILC with external disturbance
14 900 r/min  PFILC RILC
Fig. 14 Experimental results of both PFILC and RILC at the speed of 900 r/min

(a) PFILC (b) RILC
(a) Experimental results of PFILC with external disturbance (b) Experimental results of RILC with external disturbance
15 60 r/min PFILC RILC
Fig. 15 Experimental results of both PFILC and RILC at the speed of 60 r/min

6
Tab. 6 Comparisons of anti-disturbance performance 6 s 900 r/min
PFILC RILC s 0.5(N « m) ,PFILC
/(remin ') 35 22 . 36 r/min; RILC
900 r/min
/s 0.73 0.33 19 r/min, 0. 31
q /A 0.62 0. 25 0.5 N*m S . 60 r/min
/s 0.67 0.23 .
/(r+min"') 38 24 ‘ ’ 0. 5N+ m) -PHILC
/s 0.7 o3 00r/min 32 r/min; RILC
q /A 0.55 0.16 20 r/min, 0.3 s

/s 0.68 0.23 ’ PIILC

o ’
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