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A Study on the New Harmonic Elimination
Method of PWM Inverter
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ABSTRACT This paper describes a new method to eliminate some selected harmonics in PWM waveforms
using the Walsh series which substitute the linear algebraic equations for the nonlinear equations required in the
Fourier series harmonic elimination.

In addition, this method is simulated to synthesize periodic PWM waveforms and compare the Walsh
analysis with the Fourier analysis. Experimental results are shown that a single-phase PWM waveforms are
identified with the proposed Walsh Series.
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Basic PWM inverter circuit
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PWM inverter output waveform
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Compare Fourier Series with Walsh Series.
T T Y
+ | R | ZlEne] 1 F | Szute ¥
1 1 i
. T i
+ l. e d, a, i“ﬂ’iﬂ ANE X Il AR ANE X%
)
F.S | .02429 .06777 .07712 1.2732 1.1779 92.5. 3.01520 3.0265 .004
w.S | .02612 .06915 .07640 1.2732 1.1795 92.64 3.01520 3.5259 16,936
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Harmonic components using Walsh and Fourier Series.

A A %

w.8 % F.S X

A7

B-Re ]

1 1.2732 1.1795 92.64 1.1779 92.51
3 .4244  .1931 45.50 .1908 44.98
5 .2547 .00 0.02 .00 0.00
7 .1813 .00 0.01 .00 0.00
9 .1415 .03B3 27.06 .0347 24.53
11 .1168 .00 0.05 .00 0.00
13 .0979  .1477 150.84 .1243 126.93
15 .0849  .3314 390.40 .2715 319.91
17 .0749 .4218 563.23. .3452 460.95
19 .0677 .3347 499.39 .2966 442.53
21 .060" »1057 174.31 .1629 268.71
23 . 0551 .1234  222.82 .0390 70.41
26 .0509 .2056 403.78 .0040 7.92
27 .0472 .0994 210.81 .0631 133.89
29 .0439 .1017 231.71 .1470 334.88
31 .0411 .2434 592.68 .1693 412.18

3} 3.0152 3.5259 116.97 3.0265 100.37

m-1. &# 0|8

Saldae= T2 (0, 1)edlA 2AEgE + 1 2
— 1% %+ ordered orthogonal seto}™ &u}
AL

WAL, 1) (3)
22 veplich A @)ell 4 n& F2k (0, 1)
A 7ER2E 3 WA (Zps) B dhEb el 8k4] G
T7F Z1gFol= SAL, $3<olm CALe] X
o] nzholl wlel 4] (3) 3=

WAL (2n, t)=CAL(n, t)

WAL (2n—1, t)=SAL(n, t) (4)

b # =, nol 2A4% prlEolm N= 2ot}
Zeldlg A& 4l FFR e

(1) —a WAL (0, ) + 2 anWAL (n, 1) (5)

N/ 2 N/2-1
(=2 WAL(0, 0+5 &

(a; SAL (i, t) +b, CAL(j, t))

PWM el Meie] 38 sigo] tha} o3 7|
Folmi 4 (6) L

N2

f(t)= 3 WaSAL(@m, 1)

W, — STf(t)SAL(n, 0) dt (7)

o] xleh Al(4)oll 4 SAL(2i—1,t)=WAL
(4i—3, t)7F slof 4(8) ol Hlshad

N2

f(t)= Z_‘. WaaWAL(4i— 3, t) (9)
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M-3. 5,7, X} 2=t XA

7, 1A rxshe A Aels] Sls 193
A s = Asted A0 =4
bl WAL (413, t) 88 Helsdd

V1 5 }1L ay, a2,

HE3 Bk (WAL(4i- 3, )9 Al4kgh
Bk (WAL (4i - 3, t)) Fourier coefficients of some
Walsh Functions.
K WAL WAL WAL WAL WAL WAL WAL WAL WAL
(1,t) (5,t) (9,t) (13,t) (17,t) (. 1,t) (25,t) (29,t) (33,t)

1 1.27324 -.52739 -.10491 -.25326 -.02494 .01033 -.05194 -.12540 -.00616
3 .4244]1 1.02462 -.68463 .28358 -.08602 —-.20768 -.31082 .12874 -.01910

5 .25465 .61477 .92008 -.38111 -.20371 —-.49179 .32860 -.13611 -,03409

7 .18189 -,07534 .37877 .91443 -.75045 .31085 .06183 .14927 -.05341

9 .14147 -.05860 .29460 .71122 .86663 —,.35897 -.07140 -.17238 -.08153
11 115765 .27944 .41822 -.17323 .32409 ,78243 -.52280 .21655 -.12980
13 .09794 .23645 ~-,15799 .06544 21573 .52083 .77948 -.32287 -.23946
15 .08488 -.03516 -.00699 -.01688 .17143 -.07101 .35698 .86183 -.78111
17 .07490 -.03102 -.00617 -.01490 .15126 -.06265 .31498 .76043 .83901
19 .06701 .16178 -.10810 .04478 .14761 .35636 .53332 —.22091 .29786
21 .06063 .14637 .21907 -.09074 .16976 .40984 -.27385 .11343 .18925
23 .05636 -.02293 .11528 .27831 .33911 ~-.14047 -.02794 -.06745 .14262
25 .056093 -,02110 .10606 .25604 -.21013 .08704 .01731 .04180 .11681
27 .04716 .11385 .17038 -.07058 ~-.03772 -.09107 .06085 -.02521 .10063
29 .04390 .10600 -.07082 .02934 -.008%0 -.02148 -.03215 .01332 .08979
31 .04107 -.01701 -.00338 —-.00817 —-.00080 .00033 --.00168 -.00405 .08234
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Wi=8a1— 8a,+ 8a:— 1
Ws=8a1—8a:+ 8as

W= 8a1—8a:— 8as+ 1
Wi=8a1—8a:~ 8as+ 1

Wi;= 8ai+ 8a,— 8as

Wa=8a1+ 8a,— 8as

Wis=8e1+ 8ax+ 8as— 1

Waw=8a;+ 8art 8as— 1 16

Wi=—8a;— 8a; 8a;+1.5
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We=—8ar+ 8a, 8a:-+0.5
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+1. 0909 an
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PWM ol{el &l 313
PWM inverter output waveform
Ver : 5V/div, Hor @ 20us/div
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1
1
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VLA NANMUILAMLANRLANIL WAL (49, ¢)
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SNSRI YA L (57, )
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Gy Ay

213 WAL(4i- 3,t;° 39

Waveforms of WAL (41 ~3,1t)
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Spectra of output waveform.
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Upper : noneliminated,
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Simulated output waveform
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