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Smooth and Efficient Control Algorithm for Switched Reluctance Motor

JIN Ai-juan, LIU Meng-yang, LI Shao-long, LIN Bi-lie, WU Ming-yi
(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: To improve the product quality of automatic packaging production line, a new strategy of torque duty ratio
control based on improved voltage vector selection rules is presented to solve the high torque ripple due to the structure of
switched reluctance motor (SRM). First, based on the previous voltage vectors selection table of direct torque control in
12 sectors, a new increasing torque vectors selection rule is proposed to reduce the torque ripple at commutation intervals.
The decreasing torque vectors which produce no negative torque are also adopted to enhance torque-per-ampere. Second,
a new method of torque duty ratio control is designed. By estimating the torque in next period, the actuation duration of
voltage vectors can be determined, so that the output torque will track the torque reference as rapidly and steadily as
possible. Finally, through building a model of proposed method in Matlab/SIMULINK environment and comparing with
models of both the model predictive direct torque control and the torque duty ratio control based on direct demagnetiza-
tion vectors selection table, the results show that the torque ripple of proposed method can be decreased by 31% to 57%
than the other two methods. The torque-per-ampere of proposed method can be increased by 35% to 44% than model pre-
dictive direct torque control and be decreased only by 1% to 2% than the other method. By using the proposed method,
SRM will run more smoothly and efficiently.
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Tab.1 Voltage vectors selection table of MPDTC method
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Tab.2 Direct demagnetization vectors selection table
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Tab.3 Indirect demagnetization vectors selection table

J# X BRSPS i 2 L

N, Vs(—1,1,-1) V_s(—1,0,-1)

N; V,(—1,1,1) V_4(-1,0,0)

Ny Vg(—1,0,1) V_o(—1,-1,0)

Ns_g Vo(—1,-1,1) V_o(—1,-1,0)

N, Vi(1,-1,1) V_11(0,-1,0)

Ny Vi2(1,-1,0) V_1(0,~-1,-1)
No.10 Vi(1,-1,-1) V_1(0,-1,-1)

Ny Vs(1,1,-1) V_5(0,0,-1)

Nip V,4(0,1,-1) V_s(—1,0,-1)
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Tab.5 Comparison of performance at steady state in high
speed and light load experiment

J7i%: FaAEH /A FaSEHEE T
MPDTC 80.21 0.025
DDVST-TDRC 55.77 0.036
IDVST-TDRC 57.33 0.035
E 6F
2 4
® ool —
iﬁ: e L 1
0 0.05 0.10 0.15 0.20 0.25
_ i IEl/s
g 6F
e 4
= oal R
jﬁ: e L 1
0 0.05 0.10 _ 0.15 0.20 0.25
fF{a]/s
g 6
g 4
2 2f
& L . | .
0 0.05 0.10 . 0.15 0.20 0.25
Bsf[E]/s

a AR5k T L

T 5.04
g 497
& 490

'H_Hg 4.83 ! 1 L L
0.070 0.071 0.072 _ 0.073 0.074 0.075
Fif ) /s

E 5.04
Z 497
& 4.90
£ 4.83

0.070 0.071 0.072 0.073 0.074 0.075
B[] /s

g 5.04
z 497
= 4.90
ﬁ, 483 , , , ,

0.070 0.071 0.072 0.073 0.074 0.075
A El/s
b ShAE RS KSR

2.10
2.05
2.00

HE4H/(N-m)

1.95 I I | |
0.240 0.241 0242 0243 0.244 0.245
i /s
2.10
2.05
2.00
1.95

m)

BEER /(N

70.240 0.241 0242 ~0.243 0.244 0.245
1] /s

~ 2.10

FE4H/(N-m
[
=

1.95 I I 1 1
0.240 0.241 0.242 0.243 0.244 0.245

I [a]/s
¢ RRAE R KB H

B RS R ) BB TR
Fig.11 Total torque chart of high speed and light
load experiment
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Tab.6 Comparison of torque at dynamic state in
high speed and light load experiment

>y Tmax/ Tmin/ Tav/
Jrik (N'm)  (Nm) (Nm) &%

MPDTC 5.064 4.880 4.987 3.70
DDVST-TDRC 5.025 4.828 4.983 3.96
IDVST-TDRC 5.024 4.940 4.986 1.70

Tab.7 Comparlson of torque at steady state in high
speed and light load experiment

3 Tmax/ Tmin / Tav/
Jrik (N'm) (N'm) (N-m) /%

MPDTC 2.071 1.969 2.023 5.05
DDVST-TDRC 2.052 1.975 2.023 3.81

IDVST-TDRC 2.048 1.997 2.023 2.51
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Tab.8 Comparison of performance at steady state in low speed and heavy load experiment
Ttk RSP 2 L /A RS L U L

MPDTC 100.92 0.040
DDVST-TDRC 76.28 0.053
IDVST-TDRC 77.06 0.052
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