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Effect Investigation and Comparison of Iron Losses and Acoustic Noise of
Non-oriented Magnetic Steel Supplied by Bipolar and Unipolar PWM Inverter

Opas Sirikunchittavon'* and Siriwich Tadsuan?

Abstract

This paper presents the effect investigation
and comparison of iron losses and acoustic noise
with bipolar and unipolar PWM inverter. In the
experiment, 0.5 mm-thick, non-oriented magnetic
steel was employed with the defined thickness of the
maximum fundamental magnetic density for each
test process of 0.3, 0.45, 0.6, 0.9 modulation index

and 1, 3, 5 kHz.- inverter switching frequency. It was

found that the iron losses and magnitude of acoustic
noise supplied by Bipolar PWM inverter are higher
than Unipolar PWM inverter. Thus, the findings are
significant for the design of inverter due to a high

quantity of power losses and acoustic noise.

Keywords: Iron Losses, Bipolar Inverter, Unipolar
Inverter, Non-oriented Magnetic Steel,

Acoustic Noise
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1.050 kHz) @i 22.63V vil#ifia Thm,,, g9gad1au
21 (21%50 = 1.050kHz) = 0.24A aflfnganinansnef |
fafi 3 7 Vhm,, ﬂfejums‘uaﬁﬂﬂfcjw,nﬂﬁmgaqﬂagﬁ
§1AU100 (100x50 = 5kHz) ¥inlwien Thm, = 0.07A
Gonin (avindusaau ﬂizLLﬁi’J&Jﬁd&ql&l@i’]dMﬁ“lla\‘l
gsuahnussanuaznszuaudazdau lUnianings
guiFsfunwmaniesil¥ddinmiuanedsiuwly
42 1inenef 1 laswSoudfiousesda 1,7, 9
Wiauesta 2, 8, 10 lagassanudadadaaaanwly
uaa9 AL ARIINIUSY m, ﬁ’éw%waﬁ'uﬁﬁé’agmul,'éﬂﬁ

WNURANUAE %THD, tufaiiaUsu m, &g frrias
;gtyl,ﬁslﬁl,mumﬁmm: %THD, a:tfiadu CRIV LI
ilesnndeamsle v, = 25.8V asaamisnaseu
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ﬁmgﬁmﬁalﬁﬂuﬁuﬂ%’u maﬁmga 9 damarilwnga
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(Byy) = 1.6 Tesla illaldunasirodufauidagay laslfessavguuonlulwansuszunug iilvand

Vims | Lims | Viems | Tirms Vhm,, Ihm,, Vhm,, THD, | THD, | Ploss
M| @@ | VM| A& (\2) (A) (dB) (%) %) | W)

1. Bipolarm,=0.9, f, = 1kHz

Eﬂﬁ 8. 18,28, 38 42.87 10943 | 25.67 | 0.82 | h21=22.63 | h21=0.24 | h21=-2.2 | 136.61 | 51.99 | 19.2
2. Unipolarm,=0.9, f, = 1kHz

Eﬂﬁ 9,19, 29,39 31.07 | 1.075 | 25.92 | 1.02 | h42=8.58 h40=0.06 | h42=-22.1 66.1 34.83 | 16.98
3. Bipolar m,=0.9, f, = 5kHz

Eﬂﬁ 10, 20, 30, 40 45.12°| 091 | 2581 | 0.85 | h100=16.57 | h100=0.07 | h100=-8.9 | 143.357 | 35.93 | 16.95
4. Unipolar m,=0.9, f, = 5kHz

Eﬂﬁ 11,2131, 41 28.8910.947 |1 25.82 | 0.9 | h202=6.73 | h199=0.01 | h202=-26.9 | 50.16 | 32.93 | 15.34
5. Bipolar m, = 0.6, f, = 3kHz

Eﬂﬁ 12,22,32, 42 68.27 | 0.88 | 25.81 | 0.80 | h60=48.29 | h60=0.25 h60=12.5 | 244.85 | 45.57 27
6. Unipolar m, = 0.6, f, = 3kHz

Eﬂﬁ 13.23.33. 43 35.56 | 0.997 | 25.90 | 0.94 | h120=14.87 | h120=0.05 | h120=-11 93.83 [33.678| 16.42
7. Bipolarm,=0.45, f,= 1kHz

Eﬂﬁ 14,24, 34, 44 86.15| 091 [25.70 | 0.65 | h21=67.97 | h21=0.54 | h21=19.44 | 319.88 | 97.11 40
8. Unipolarm,=0.45, f,= 1kHz

Eﬂﬁ 15,25, 35, 45 4343 | 1.05 | 26.0 | 0.97 | h41=19.80 | h41=0.11 h41=-5.5 133.66 |40.472 | 19.74
9. Bipolar m,=0.3, f, = 1kHz

Eﬂﬁ 16,26, 36, 46 133.7 | 1.405 | 25.61 | 0.82 | h20=111.12 | h20=0.92 | h20=29.3 | 512.70 |139.68 | 70.73
10. Unipolar m, = 0.3, f,= 1kHz

Eﬂﬁ 17,27, 37,47 53.47| 095 | 2590 | 0.87 | h41=24.65 | h41=0.12 h41=-1.0 180 [43.428 | 21.3
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wuugilwand Lﬁu"l,@’dﬁﬁlaﬁuﬁmﬁmwagLam‘iw (aafl
mmﬁaﬁ@%q) fanarilisesazanuLand el
%oV, %0l %Vhm, ., %Thim,  USE %P loss fiingadiu

rms> ms>

v dl A ' ' 9 s o qu =3 v
AIMNNIINOFULN almmmm pLuNay LIIER%JILE]N Iﬂ ilsl,"h'

Vioe | Tow | Tme | Vhm,,, Thm,,, Vhm,, | THD, | THD, | Ploss
(%) | (%) | (%) (%) (%) (%) (%) (%) | (%)

324979 Bipolar m, = 0.9, f, = 1kHz NU

3798 | 14 |2439 163.75 300 904.55 106.67 | 49.27 | 13.07
Unipolar m, = 0.9, f, = 1kHz
3¢9 Bipolar m, = 0.9, f, = 5kHz nu

56.18 | 4.07 | 5.88 146.21 600 202.25 185.80 | 9.11 10.50
Unipolar m, = 0.9, f, = 5kHz
32%7319 Bipolar m, = 0.6, f, = 3kHz nu

91.99 | 13.30 | 17.50 224.75 400 213.64 160.95 | 35.31 | 64.43
Unipolar m, = 0.6, f, = 3kHz
321319 Bipolar m, = 0.45, f = 1kHz NU

98.37 | 15.38 | 49.23 243.28 390.91 453.45 139.32 | 139.94 | 102.63
Unipolar m, = 0.45, f, = 1kHz
3214319 Bipolar m, = 0.3, £, = 1kHz N

150.05| 47.89 | 6.10 350.79 666.67 3030 184.83 | 221.64 | 232.07
Unipolar m, = 0.3, f, = 1kHz
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