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Design and Development of Low—-Cost Switched Reluctance Motor Drive System
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Abstract - A Low cost and variable speed brushless motor drive system with single switch per phase is presented. The
motor drive is realized with a novel two-phase flux-reversal-free switched reluctance motor and a split AC two switch
converter. The strategy of the controller and the converter for its realization are described. Comparisons between a split
AC converter, asymmetric converter, split DC converter, single controllable switch converter, and N+1 converter are
performed for its device rating, cost, switching losses and conduction losses, and converter efficiency. The split AC
converter is analyzed and simulated to verify the characteristics of the converter circuitry and control feasibility and the
simulation results are presented. The efficiency with various loads is numerically estimated and experimentally compared
from viewpoint of subsystem and system in details. The focus of this paper is to compare the presented motor drive
system to the asymmetric converter system throughout experiments and demonstrate single switch per phase converter
having comparable efficiency as the asymmetric converter system.
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Table 2 Overall comparison of converter topologies
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Table 3 Rectifier efficiency at various loads (3000r/min)

L= o 5[ %] A =A[%]
[Nm] | Split AC | ¥lthd | <2+ |Split AC|®|th3| <2t

1 99.69 99.70 | -0.01 | 9843 | 99.30 | -0.87

2 99.70 99.68 | 0.02 99.18 | 99.49 | -0.31

3 99.68 99.67 | 0.01 98.03 | 99.50 | -1.47

4.5 99.64 99.65 | -0.01 98.63 | 9839 | 0.24
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Table 4 Drive efficiency at various loads (3000r/min)

=] o ZA][%] 22 [%]

[Nm] | Split AC | v]dl® | 92 |Split AC|vdld | 22}
1 9666 | 9530 | 1.30 | 9801 | 9546 | 255
2 9759 | 9643 | 116 | 9654 | 9875 | -2.21

3 97.90 97.01 | 0.89 96.23 | 97.20 | -0.97
4.5 97.92 97.22 | 0.70 9719 | 96.86 | 0.33
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Table 5 Motor efficiency at various loads (3000r/min)

e <l Z2][%] A5A[%]

INml |split AC|w1i=| <2 [Split AC| ¥eiA | <t

6399 | 66.09 | -2.10 | 64.55 67.01 | -2.46
2 66.10 | 73.70 | -7.60 | 69.14 71.65 | -2.51
3 70.63 | 75.32 | -4.69 | 74.76 76.18 | -1.42

4.5 79.57 | 7964 | -0.07 | 81.11 82.45 | -1.34
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Table 6 System efficiency at various loads (3000r/min)

o o) 22 [9%] 225 [%]

INml [Split AC| Bt | 22 |Split AC | HtH | 22t

1 61.66 | 62.89 | -1.23 | 62.27 63.52 | -1.25

2 6431 | 7096 | -6.65 | 66.21 70.39 | -4.18

3 68.92 | 7295 | -4.06 | 70.52 7367 | -3.15

4.5 7163 | 7729 | 034 7775 7858 | -0.83
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