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Abstract

Accurate information of rotor position is essential for high-performance speed regulation of
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switched reluctance motor. The sensorless control strategy has been widely investigated because
it can save additional hardware connection and improve system reliability. In this paper, a sen-
sorless control technique of switched reluctance motor based on unscented Kalman filter was
proposed. Due to the strong nonlinearity of switched reluctance motor, a position observer was
constructed based on unscented Kalman filter, which leads to full use of the advantages of this al-
gorithm in dealing with nonlinear systems, and the specific implementation of this technique was
elaborated by establishing a complete sensorless control system model. The simulation results
showed that the sensorless control system has excellent performance in speed regulation and
strong anti-disturbance ability. The position observer has great dynamic performance and high
steady-state accuracy under the conditions of low, medium and high speed. The effectiveness of
this technique was verified.
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T HETA W AL PE BEAN I R LA Rk, A SCHIAT Ansys Maxwell A1 Matlab/Simulink SR 26 14 1
HNUAARR,  BL—& =1 12/8 Hi) SRM At &, HZHINE 1 s,

Table 1. Structural parameters of three-phase 12/8-pole SRM

% 1. =% 12/8 ¥ SRM 5

24 18
SE TR 12
LRSS 8
BIEEE 120 mm
ETHME 130 mm
EF NG 78 mm
iz 76.4 mm
BYNR 30 mm
& TR 15°
LS T 16.19°
ETHIE 8 mm
HTHE 7mm
24 e I % 100

HSEAH Ansys Maxwell 57 SRM i) =4EA7 BRTHR, 8T iz 70 sk O AL S S R ik #51
A B REE A 1 FoR, H 005 SONEE T REAIE TN TP AL B, K 22,575 SONHE A E 1800 5%
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O

Figure 1. Angle and position definition of 12/8-pole SRM
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Figure 2. Mesh of three-dimensional finite element model of electromagnetic field
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Figure 3. Torque characteristic of three-phase 12/8-pole SRM
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Figure 4. Flux linkage characteristic of three-phase 12/8-pole SRM
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Figure 5. Current-angle-flux linkage characteristic of three-phase 12/8-pole SRM
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Figure 6. A-phase simulation model of switched reluctance motor
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Figure 7. Three-phase simulation model of switched reluctance motor
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Figure 8. Principle of sensorless control system for switched reluctance motor
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Figure 9. Simulation model of sensorless control system for SRM based on UKF
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Figure 10. Nonlinear inductance model of 12/8-pole SRM
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Figure 11. Single-phase topology of power converter
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Figure 12. PWM-based controller module
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Table 2. Simulation parameters of sensorless control system for SRM

S i1
LR L 220V
A E 0.008 kg-m?
FHJE F3L 0.03
AH ERBH 1Q
HHEEK 0.00005 s

BEE A B ES B CPIREVIIRE N X, =0, BIERHLYIIAIN ZI6L T O A B, WEBEAF R BN 0.

(01 0 © 0 0
0 01 O 0 0
WEBRGWIIRIRE N T Z4MEN: Po=[ 0 0 01 0 0 |, EFEmgsFmGE:s by 255
0 0O 0 001 O
0 0 0 0 001]
(0022 0 0 0 0]
0 00 0 00 001 0 O
AN Q= 0 0 001” 0 0|, R={ 0 001 O
0 0 0 00 0 0 0.01
|0 0 0 0 0]
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Figure 13. Speed waveforms under three speed commands
[ 13, ZMEERIE < T BOIR BN SR
35 -
30 — 400 rpm
25 750 rpm
g 20m 1500 rpm
g 15
w10 :
5 p 2 e VIS AN RLOUNIANAARKIANLIIAN
_}‘i 0 Li _‘_..*“"""-“".'A..u.'.-'v‘w.,.-ww'l.-«m‘.,._mwN‘:f“"‘,.h':,a""'""'~,-»;4.a../““""'
e 5 g
el
o -10 He o
B s h
“H-N -ﬂ :
20
225 i
230 R
_35 1 1 1 1 1 1 ]
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

B A /s

Figure 14. Speed estimation errors corresponding to three speeds
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Figure 15. Position estimation errors corresponding to three speeds
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Figure 16. Actual speed and estimated speed waveforms at sudden change of reference speed
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Figure 17. Speed estimation error at sudden change of reference speed
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Figure 18. Position estimation error at sudden change of reference speed
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Figure 19. Actual speed and estimated speed waveforms at sudden change of load
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Figure 21. Position estimation error at sudden change of load
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