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Research on the SHEPWM technique applied to inverter based on differential evolution algorithms
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Abstract: Aiming at solving the nonlinear equations of two-level selective harmonic elimination, a method of solving the
nonlinear transcendental equations of two-level inverters harmonic elimination model by Differential Evolution (DE)
algorithm is proposed. DE solves the SHEPWM equations and overcomes the shortage of initial values in numerical
methods. The switching angle trajectory with modulation degree of 0 to 1.15 is given. Compared with the genetic
algorithm solution, the DE solution has higher accuracy. In order to verify the correctness and feasibility of the differential
evolution algorithm, a simulation study is carried out with Matlab/Simulink, and a two-level inverter based on DSP
(TMS320F28335) is built for experiment. The simulation and experimental results prove the correctness and feasibility of
the differential evolution algorithm.
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Fig. 1 Schematic diagram of a two-level inverter
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Fig. 2 Phase voltage SHEPWM waveforms of

two-level inverter
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Fig. 3 Flow chart of differential evolution algorithm
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Fig. 4 Modulation 0 to 1.15 switch angle trajectory
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Table 1 DE switch angle between modulation 0.8 to 1.15

m o o o3 04 as 6 a7 fla)

1.15 6.447 15.678 19.451 31.150 32.903 46.851 47.319 1
1.1 7.071 16.414 20.679 32.717 34.985 49.980 51.072 1
1.05 7.539 16.679 21.428 33.190 36.024 50.318 52.074 1
1.0 7969 16.815 22.054 33.385 36.799 50.299 52.713 1
0.95 8377 16.880 22.611 33.442 37.440 50.158 53.228 1
0.9 8.772 16.897 23.122 33.417 38.002 49.962 53.682 0.999 7
0.85 9.156 16.881 23.600 33.340 38.513 49.736 54.101 1
0.8 9.531 16.839 24.054 33.227 38.988 49.491 54.499 0.9999

%2 GA TEiBFIE 0.8~1.15 IFF K AE
Table 2 GA switch angle between modulation 0.8 to 1.15

m a a a3 ay as as a;  f(a)

1.15 6.140 14.738 18.141 25.845 27.017 32.625 33.873 0.998 8
1.1 6.688 16.509 20.552 25.523 26.726 46.231 46.785 0.968 4
1.05 6.908 16.485 20.728 31.183 34.062 52.970 53.662 0.993 2
1.0 6.070 14.297 18.229 28.264 31.215 36.595 36.976 0.9729
095 8.294 16.891 22.284 34.042 37.610 50.865 53.929 0.9979
0.9 8966 17.000 22.827 33.297 37.506 50.250 54.009 0.998 6
085 7.179 15964 22.857 30.965 36.715 45.178 48.016 0.971 1
0.8 9.408 17.501 24.234 33.003 38.543 51.285 55.544 0.9869
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THD #  THD %
0.9 23.979 29319 39295 47.838 55.575 55.10(%) 45.04(%)
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Fig. 5 Phase voltage simulation waveform
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Fig. 6 Line voltage simulation waveform
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Fig. 8 Simulation spectrum of line voltage
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