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Output Voltage Harmonics Analysis of NPC Type Three-level Inverter
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ABSTRACT

This paper describes the overmodulative SVPWM technique and harmonics analyses of three phase NPC type
three-level inverter to the modulation index. Three phase NPC type three-level inverter adopted SVPWM to
extend the linear region to 0.907, moreover, the following voltage compensation using Fourier series was
adopted in the region of overmodulation to make it work to six—step level. PD type of multi carrier method is
used with the double Fourier series for the analysis of output power harmonics characteristic. Simulation was
performed by PSIM, and the harmonics characteristics of 3-level inverter in each region are analyzed. The side
band harmonics of carrier frequency are dominant in the linear region, but these harmonic components are
decreased as the inveter goes to overmodulation region, and the harmonics due to the fundamental frequency is
increased gradually at the same time. The harmonic analyses are verified through the simulation and
experimental results under the same condition.
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Fig. 1 Schematic diagram of NPC type three-level
inverter
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Fig. 2 Operation regions of three-level inverter

S /A= EY AdS HAAIIA Ak NPCH 3
2 oluEle] 54 At o] 713l ut
i AT 5L 7HH% T

_1

7HE 3% NPCH 3d OUHEH ‘ﬂi‘ﬂ] MI)Oﬂ el
HAe nxvE L8k 3% NPCH 37

oW E & SVPWMS Z&3te] MEgAgAL 09077}
A e Az gl Felo g o
AME 483 G290 24
g4 AmE ek pwMme ¥ Age] azv
5734 el= PD (Phase Disposition)¥4]

5 o] HEl )
go] 7ol thsle] o]F Fld F4E ALt 3
413l 225 A4

3 ek PO A Beo) e PSIME DLL &
steo] 200(uslel MEH F715 ZEES i 3y

(TMSBZOVCSS) AFEato] &kl

ﬂllﬂl

2. NPCHE 33d oy 4

NPCH 3ed WEl= 2t 4 2913 &
Sl 37k ER YA B e
Aejol] W zb WE e AELS 277149 &
U 51;} 18 12 olge NPCE 3a¥ <lvE 9
TEE HolF: Ytk Ed 1Y 2 A%

7)) w}_ FAYIES BojF T gk

2.1 M@ FHo Mo S&F

APFA2 8L 1, stelBe|=gd9 aeja ¥
99 Iz FE2dth A9y I WF 43 99
o7 71 2 QI E S} FUsHA bS] 3T
2 F9o] Ha, APF MolME 97 §Zg oM
At Mrbdgro] 5YAlR UEeRdTh dHA, shelH
g Eggolds UiR §4FdAM Faet= B 9
F &7 gel A FRet vl weba 394 B 5
= 2949y

22 BHH=AA | oMol S&
MI=>09070] =™ Iz oA E2alA D)
Bz [ §748 oR2 ojus Ag7)E
H V'E naer9ste vieg $od j‘% A
s Vb e R YHANE $748e HY A}
olo] 9Jx3 w7hA] E2ec) 18 3 A e AY
RERR S E“é A ek sk A4 A
71E=wE v, E
(6%

A Re
12/
V& - ¥
A% = 1.2r fy
Sz b fy
v, !
1
Y v Jusve
ag . \ 4
()
f T ) f2
~ N
| oS N \\ ?
i ol \.\\;\ A1 B C D
- [l - L L .
Im 0F-ef F+ef $-a-f 9=0t

08 3 IHZE AN (oM MYT7|=HE{e] H Xz} A
et oty

Fig. 3 Trajectory of voltage reference vector and
phase voltage waveform in overmodulation
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phase voltage waveform in overmodulation
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