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Selected harmonic elimination in cascaded multi-level voltage inverters based on the
stochastic Newton method (SNM)

LIU Chuang', TIAN Xiaotong', CAO Yahua®, LIU Haijun®, WANG Zhikai’
(1. School of Electrical Engineering, Northeast Dianli University, Jilin 132012, China; 2. State Grid Shandong Electric
Power Company Electricity Maintenance Company, Jinan 250000, China; 3. Global Energy Interconnection
Research Institute, Beijing 102209, China)

Abstract: The technology of selected harmonic elimination pulse width modulation (SHEPWM) can be used to eliminate
the selected low-order harmonics and satisfy the demand of desired fundamental voltage by calculating the optimal
switching angles, this method has a series advantages such as low switching frequency and high-quality waveforms, etc.
In order to improve the reliability and rapidity of calculating for the SHEPWM non-linear equations, this paper presents
the stochastic Newton method (SNM) which is composed of the particle swarm optimization (PSO) and the Newton
method, the reliability and rapidity of the SNM is verified by a program for SHEPWM non-linear equations. In the end,
the simulation experimental systems of seven-level single-phase cascade inverter and eleven-level three-phase D
connected cascaded inverter are designed and tested that the selected low-order harmonics are eliminated by the switching
angles calculated by the SNM and the fundamental voltage is produced.
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Table 1 Universal parameters of SNM

n t 3 DT C C2 Wmax Wmin
100 20 1071 2000 1.5 1.5 0.9 0.2
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Table 2 Terminal results of SNM for m=1.88

m=1.88 0 0, 0;
1 83.0699 13.1281 38.2353
2 13.1281 38.2353 83.0699
3 13.1281 83.0699 38.2353
4 13.1281 83.0699 38.2353
5 38.2353 83.0699 13.1281
6 83.0699 13.1281 38.2353
7 13.1281 83.0699 38.2353
8 38.2353 83.0699 13.1281
9 13.1281 83.0699 38.2353
10 83.0699 13.1281 38.2353
11 13.1281 38.2353 83.0699
12 38.2353 13.1281 83.0699
13 38.2353 83.0699 13.1281
14 83.0699 13.1281 38.2353
15 83.0699 13.1281 38.2353
16 38.2353 13.1281 83.0699
17 38.2353 83.0699 13.1281
18 83.0699 38.2353 13.1281
19 13.1281 38.2353 83.0699
20 13.1281 38.2353 83.0699
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Fig. 2 Convergence characteristic of the global optimal particle
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Table 3 Switching strategy of three-phase 11-level inverter

m=3.5 91 92 93 04 05
1(0) 28.6566 -8.2387 —646.6149 41.3050 413.4399
2(1) 16.7280 62.3414 26.6359 60.6860 46.0009
3(1) 73.3851 8.2387 41.3050 53.4399 28.6566
4(1) 53.4399 8.2387 41.3050 73.3851 28.6566
5(1) 53.4399 8.2387 28.6566 41.3050 73.3851
6(1) 26.6359 62.3414 46.0009 60.6860 16.7280
7(0) -8.2387 ~28.6566 41.3050 73.3851 53.4399
8(1) 46.0009 60.6860 26.6359 62.3414 16.7280
9(1) 46.0009 16.7280 60.6860 26.6359 62.3414
10(1) 16.7280 26.6359 46.0009 62.3414 60.6860
11(1) 16.7280 26.6359 62.3414 60.6860 46.0009
12(1) 28.6566 41.3050 73.3851 53.4399 8.2387
13(0) -8.2387 41.3050 53.4399 73.3851 ~28.6566
14(1) 26.6359 16.7280 46.0009 62.3414 60.6860
15(0) 8.2387 =53.4399 73.3851 ~28.6566 41.3050
16(1) 41.3050 53.4399 73.3851 28.6566 8.2387
17(0) 53.4399 28.6566 73.3851 41.3050 -8.2387
18(1) 62.3414 46.0009 16.7280 26.6359 60.6860
19(1) 16.7280 46.0009 60.6860 26.6359 62.3414
20(1) 41.3050 53.4399 28.6566 8.2387 73.3851
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Table 4 Switching phase of three phase 11-level inverter

bi)i 6 6> 0, 04 0Os
fi#t 1 16.7280 26.6359 46.0009 60.6860 62.3414
fi# 2 8.2387 28.6566 41.3050 53.4399 73.3851
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Fig. 3 Single-phase structure of a 7-level cascaded inverter
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Fig. 6 Staircase output phase voltage of the three-phase D

connected 11-level cascaded inverter and the FFT analysis
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connected 11-level cascaded inverter and the FFT analysis
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