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Online torque estimation method for switched reluctance motor
based on piecewise analytical modeling
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Abstract : Aiming at the problems of intricate model and low accuracy in online torque estimation of switched reluctance motor (SRM) ,
a novel online torque estimation method based on piecewise analytical modelling is proposed. According to the symmetry of the flux
linkage characteristics and the structural characteristics of the stator and rotor pole arc of the switched reluctance motor in one electrical
cycle, a method of dividing the half electrical cycle into five intervals is proposed, and the flux linkage analytical model and torque
analytical model of each interval are established respectively. The estimation accuracy and operation time of the above models are verified
by finite element analysis and constructing an experimental system based on DSP28335. The results show that compared with the
traditional single analytical model, the proposed partition analytical model not only effectively improves accuracy of torque estimation,
but also significantly reduces the operation time, hence, it is helpful to improve the control accuracy and dynamic performance of
switched reluctance motor speed control system, which has good application value.

Keywords : switched reluctance motor; online torque estimation; piecewise analytical modelling; comparative analysis
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Fig.1 Schematic diagram of three special position angles
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characteristic curve partition
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Table 1 Basic parameters of switched reluctance motor
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(a) 3D curved surface diagram of flux characteristics
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Table 2 Coefficient of interval I torque analysis model

mA,;/ (j+1) ay ap a3
mA,o -3.067x107*  8.092x107 -3.256x107"
mA,, /2 5.146x1072  -4.183%x107" 4.650
mA,,,/3 -2.020x107°  -1.765x10° 3.756x107>
mA,, 3/4 -6.347x10"°  3.301x107* -3, 480x107°
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Table 3 Coefficient of interval II torque analysis model

mB,./(j+1) by by, by
mB,. 1.973 2.265%x107"! -6.240x107"
mB,,,/2 -1.427x107" 1.133 -2.216
mB,.,/3 -3.193x1072  2.862x107" -8.452x107"
mB, /4 4.686x107°  -4.370x1072 1.350x107"
mB, /5 -2.443x107*  2.494x107° -8.431x107°
mB, 5/6 5.725%x10°  -6.643x107° 2.486x107*
mB,, /7 -4.904x10%  6.841x107’ -2.860x107°
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Table 4 Coefficient of interval IlI torque analysis model

mC,./(j+1) c30 3 cp
mC,.q -1.206x1072  4.319x1072 -5.320x1072
mC,,,/2 7.139x107%  -8.355x1072 6.970x107>
mC,,,/3 -1.117x107%  2.487x107> —1.424x1072
mC, /4 1.749x107  -2.757x10° -2.190x107*
mC,4/5 -1.201x107™*  7.935x107° 2.718x107*
mC,,s/6 2.603%x10°  7.105x107° -2.785%x107°
mC,/7 1.740x1071"  -2.888x107’ 7.184x1077
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Table 5 Coefficient of interval IV torque analysis model
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Table 6 Coefficient of interval V torque analysis model

mDm]/(]+ 1) dyo dyy dy

mD, o -1.376x107"  3.139x107" -1.612x107"
mD,, /2 -3.443x1072  6.912x107" -1.303
mD,,,/3 1.289x107"  -6.175x107" 8.998x10™"!
mD, 3/4 -3.905x107%  1.621x107! -2.142x107"
mbD,,4/5 4.302x107°  -1.677x1072 2.105x1072
mD, s/6 -1.991x107™*  7.497x107* -9.129x107*
mD, /7 3.308x107°  -1.218x107° 1.455x107°
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mEmj/(j+1) es, es, es3
mk, o -3.851x107" -2.672 3.348
mE, /2 4.995x107" 5.485 4.43]
mkE, ,/3 -6.050x107" -6. 066 -5.157
mkE, ;/4 1.008x107" 1. 096 1.376
mk., 4/5 -7.158x107°  -8.296x1072 -1.257x107"!
mk, s/6 2.386x107* 2.904x107° 4.850x107
mk, /7 -3.071x107°  -3.882x107° -6.815x107°
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Table 7 Coefficients of traditional Fourier

torque analytical model

h,/(j+1) A, A, Ay A,
by -1.975x107* 2.542x107* -2.423x107* 1.638x107*
ha/2  -5.259x107° 9.208x107° 5.647x107* -1.658x107*
hyo/3  5.659x107°  1.881x107* -2.530x107* 1.816x107*
hys/4  -3.820x107° —1.887x107° 3.686x107° -2.733x107°
ha/5  5.249x107° 3.416x1077 -2.237x107° 1.741x10°°
h,s/6  -2.403x1077 1.847x107® 6.083x107% -5.156x107®
h/T  3.752x107° -5.772x107'°~6.062x107"" 5. 848x107"°
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