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ABSTRACT

The SHE(Selected Harmonic Elimination) PWM scheme which eliminates specific lower order harmonics can generate
high quality output waveforms in 3-level PWM inverters. However, its application has limited since SHE switching
angles cannot be calculated on-line by a microprocessor-implemented control system. Based on off-line optimization, in
which multiple SHE solutions were found and analysed for 2 to 5 switching angles per quarter in the 3-level SHE
PWM pattern, this paper presents an algebraic algorithm for an ordinary microprocessor to calculate approximate SHE
switching angles on-line with such high resolution that it makes no practical difference between the accurate and the
approximate SHE switching angles. By employing the variable of the dc-link voltage V,, the proposed SHE PWM
pattern can ideally compensate the dc input fluctuation together with selected harmonics eliminated.

Key Words: 3-level inverter, harmonics, 3-level SPWM, 3-level SHE PWM
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Fig. 12 Stator current harmonic spectrum of 3-level SHE
PWM (a) N, = 2, f = 35Hz (b) N,= 5, f, = 15Hz
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Fig. 13 Transient responses for the dc-link voltage
variation of 3-level SHE PWM(N,=2)
(a) Proposed approximate SHE PWM
(b) Conventional SHE PWM
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Fig. 14 Transient responses for the dc-link voltage
variation of 3-level SHE PWM(N,=5)
(a) Proposed approximate SHE PWM
(b) Conventional SHE PWM
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Table A1 Coefficients of 1st-order approximation(N,=2)

a a2
me
ki ko k ko

!‘[o.m 040] | -303348 720199 | 303348 719801

{040 062} -543117  37.9878 543117 34.0622
{062 069 ] -58.8929  40.7064 588929 31.2936
(065 0831 642835 -445290 64.2835 274710
(083 0% | 753531 -53.7886 753531 182114
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Table A2 Coefficients of 1st-order approximation(N,=3)

@y @2 a3
me
ki ko ki ko a ko
{00l 024) ~17671 60.046 14523 60.097 -29614 90056
{024 038] ~19569 60.495 6470 62,071 -36.105 91666
{038 046} ~22.904 61.777 -10535 68.603 -50.309 97.116
(046 052] ~32.400 66.228 -46.600 85442 —77.800 109.939
(052 056 ] ~64.200 82.969 -121.200 124589 —123.100 133.662
(056 060 ] ~145.200 128.842 -205.900 172.294 -135.300 140318
(060 064 ) -148.400 130.395 -136.200 129.765 -74.900 103.800
(064 063} ~94.600 95694 -52700 75979 -50.400 83.068
(069 077} ~63.381 74.000 -14928 49767 -48.047 86.480
(077 082] ~53.700  66.598 -11.400 47.164 ~57.700 93972
(082 0881 17400 -0.655 72,028 14.057 8114 75385
(08 091] 19500 -2.506 187,500 -88.270 122,500 -25.970
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Table A3 Coefficients of Tst-order approximation(N,=4)

[:3} az (5} as ‘I
me

Wk Wk Kk W e |
1001 0301 ~1229 5480 966 34.85 -20.84 79.09 1945 7903
(030 0401 -1339 5510 495 5620 -2438 8011 1980 7892
(040 045] ~2420 2004 -3140 39.83 -79.80 65.49 30.20 46.01
(045 0471 | -d000 2723 | -14000 905 | -17600 10912 | 3200 4520
(047 049} ~256.00 130.61 -565.00 291,98 -475.00 251.73 35.00 4376
(049 0521 -8550 5932 13450 -1855 4700 3557 -3050 87.05
(052 0551 -62.50 4697 185.50 -44.90 18350 -36.06 5700 4072
{0585 058] -450 1494 6450 2206 9500 1325 9250 21.40
(058 064 1 671 838 | 840 4395 | 2222 5561 | 5631 4268
(064 068} 970 648 1960 4877 -360 72.40 39.30 5354
(068 071) -24750 199.40 109.00 -35.36 -800 58.84 -131.00 179.40
(071 077 -63.11 6827 99.31 0.10 -8.37 59.08 -1383 9602
(077 084] -39.00 49.71 6117 -1.36 821 46.06 628 80.49
L( 084 0871 ~-43.00 53.20 222,00 -138.02 171.50 -62.42 850 7869
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Table A4 Coefficients of Tst-order approximation(N,=5)

@y a2 a3 @y as
me

ko ok ki ko ko ko ki ko ko ok
{001 0207 | -146 9& 159 9% 2166 35000 -1894 999
(021 037] -346 817 1907 9% 2183 4995 -17.30 961
(037 045 ] 83 495 04l 4% 24 4H73 -650 B
(045 0483 1800 -078 10000 -26.77 - 2450 4878 673 SIT.
{048 053 ) ~240 516 -390 6706 -7530 10994 -9380 12346
{ D53 0.36) 3200 -2208 10650 -4308 2100 4707 4 4978
(056 060) | -18430 14448 -19350 153.04 -10800 12384 -93.00 12303
(060 065 ] 820 1074 -1 5237 E 3200 5460 -1520 9760
(065 (681} -B100 8431 -70.00 8009 ~114 -1800 1314 -90.00 11846
(068 075] 1682 48 -.17 6407 37. -251 %53
(075 078 ] 4400 -1564 -7830 108.49 6700 3629
(078 087} ~4580 549 -2 4677 -T2 5.2 -4376 8708
(087 091 1750 -319 -150 2406 13700 -48.45 BY -1289

# AS N,=29 me| 2k}
Table Ab Coefficients

ALELA 9] Al
of 2nd-order approximation(N,=2)

[-3}

a2

it
ka ki ko ka ki ko
[ 001 040) -0.8162 -30.0001 71.9965 08162  30.0001  72.0035
(040 069] -143034 -396082 34.2162 143034 396082 37.7833
(089 095 ] 419292 -0.0967 -19.8003 419292 -00967 521097
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TableA6 Coefficients of 2nd-order approximation(N,=3)

2] a2 as
Me
ke ki ko ke ks ko ke ki ka

1001 037 ] -463 -1649 599 -1769 1902 5990 -1376  -2610 8590
(037 051) -4938 1880 5L -20652 16451 3163 -16098 8618 6328
(051 060 ] -92045 93645 ~188.83 -106233 103425 -18948 -23593 13397 6359
(060 070 ) 543.18 -R2368 34021 R1666 114903 44370 21931 -34506 18697
(070 082) 7547 -173 1415 2967 5692 6458 <7210 RN 410
(082 0831} 892 213 588 42678 -65777 32592 43500 -71863 38594
(088 0911 0000 -7050  38.00 37000 -656250 299900 375000 -6627.50 3011.28
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Table A7 Coefficients of 2nd-order approximation(N,=4)

a1 az ai @4

ki ko ke ko ke ki ko ke ki ko

26 -6 B 95 R S A% -BW BE 0%
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Table A8 Coefficients of 2nd-order approximation(N,=5)

) a2 T as ai @s
me
ke kn k k ki ko ke ki ko ke ki ko ke ki ke
1001040])] 219 -164 10 94 136 106 66 -D3 L% 05 A5 00| 54 -03 N
(040 0.8 )] 1204 -9t 7 B89 506 154 -7RI &LI -BROL 22 50 54 @0 -687 2132
(048053 ]|~7714 2524 -i37 5642 586 -793 -3 529 -509|-M0T1 0640 -17E8) -BOLI 04 903
€033 056 ])»16(110 18120 -SHA-2500 A5 -BHY 1700 -N45 6193 -1000 1370 16811800 20835 -5097)
¢ 056 060 ]| 16000 206 &7 2600 -31] WL 1250 -15778 508 9mO 1798 423 5BO -4 3
(0600 ]t 142 -98 164 642 M3 X -5 85 B/ B> -40 HIY L2 -B2 132
(060881 00 -840 B3-K00 640 362 00 -1140 1209 00 -1B0 177 00 -0 1184
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(O7BOBT ]I 518 -l414 $4 156 -R3 578 -4 51 S48 -840 229 5B 82 M1 X7
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Table A9 Initial values for calculation of the switching
angles of 3-level SHE PWM

No Szg:;“ @y az a3 as as Vipu(rme) H 9
A 71 73 01 -0.58
2 B 5] 37
C 0 71 b
3 A 58 61
B 10 62 )
A 55 %6 i)
ST e
D N ) 8
A 9 11 4
5 B 49 51 [
C 6 15 42
D 15 51 60
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