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Harmonic Analysis and Output Filter Design of NPC Multi-Level Inverters
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ABSTRACT

In this paper, LC output filters are designed to reduce output harmonics and harmonic analysis are performed.
Generally, multilevel inverters are used in high power application and operates with low switching frequency,
which, in turn, generates large output harmonics. Output filters are used to reduce output harmonics. The
design approach to reduce output harmonics of the 3level multilevel inverter is discussed and DSP(TMS320C31)
is used for the digital control of the system. the design example is given. The designed system is verified by
simulation and experiment.
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Table 1 Experimental conditions

Parameter Value Parameter Value
Va_max 120 V_rms L 6.4 mH

Z_load 30 Q C 280 uF
To_max 4 A R 6 Q
fsw 12 kHz R 08 Q

,__.
L
oft 1,
AR
g2
rir
o
o
o
i<
o

Q2 ¥R
Ir e
o o
o 2

=
Hl L rlo
=)

H

)

T

A

N

&

X0
ST

N o o 5
o,
=
o
=
—?E‘
r

ki o
_‘,f;l,
il
o -
b o it
g 1B o
g Do
=
i,
1o
i
B
oft
32U
Ot e

PL oo fL kS
i Lk rer
How
R
2 + it

koo B o
e 2
e EHE u
={ NE

vl

N et
) )
i Y rlo
( H
o
Of -“:—“
= il

i
lo

Z3to} 2lE
Z

A
o} 2
o AR 29 Ee A udEt AgHg A
= & obolA ABOlH AT FAb
FRvkE AwE Azdel Wz
Ane Bz .

I
jardh
=
rir

1o
el
i
X

QL
O,
i
o™
—_
(@)]
rir
e, o
o
N

A|q=e] uh2 THD

e
it

- -
T

i’
IWI N

a8 12 Ze7) gle QuE =uky
(a)va [100v/div] (b)Vo [100v/div] {(c)lo [5A/div]
Fig. 12 Output waveforms of inverter without filter
(a)Va [100v/div] (b)Vo [100v/div] (c)lo [5A/div]

[ A M

AN BN f i

\ NIV WAL
AV v -

A 7 R NGl 78 N L Y . N % PN
A NN N N

T3 13 =E7} s uEe] EHaly
(a)Va [100v/div] (b)Vo [100v/div] (c)lo [5A/div]
Fig. 13 OQutput waveforms of inverter with filter
(a)va [100v/div] (b)Vo [100v/div] {c)lo [5A/div]

;

3

28 14 EE{ol-E{t HujAle SAHMU-H R
(a)VL [50v/div] (b)IL [2A/div] (c)Ve [50v/div]
(d)ic [2A/div]

Fig. 14 Voltage-current waveforms of filter inductor
and capaci tor

(a)VL [50v/div] (b)IL [2A/div] (c)Ve [50V/div]
(d)1c [2A/div]

—&— Simulation
—{}—Experiment

THD [ %]

- o @ N~ © v v o o = 9
© o 6 8 8 S & o o 2

Modulation Index

8 15 HEX|| 2 THHEAZAZNLC EHEH EIH)
Fig. 15 THD analysis results by modulation index(with
LC output filter)

1.20E-01
1.00E-01
8.00E-02 I
4.00E-02

2.00E-02 Fiif

0.00£+00

a2 16 23 MR FFT 24
Fig. 16 FFT analysis of output current



T S T )

2945 58 HEAL7E ATl uet AWE &9
%ol THD® F7tst™ 1 vl&S ¥zxH|7} 058
< A 9 Axdde g & F Ak 19 162
By g A9 28 AF FFTEY ¥ & BT

At IHE AXAF A &9 AFY uzsrt
2FA

5.8 B

2 w2 289 axve A AAE Y6l
gA" Ao71E £ & NPC HElPE QI EH
Azde] &9 Iy AAE AL, HEA gl
w2 AME Al2"e] E#HASG THDHSE 4383
o dutdez AWy ¥ LCEH= ALY 4
Holl g&ste] BYHoz syt a2y B =
TolMes 27E S8 AL 4 e AWy
Agle] HEY 3|2 s|4e Folo] w2 A9y &
drE 7] WEe] FEdel & nzaE wAshs
Aol g LCEE AAE wEs8th &9 2
B dAe FEAE Wz duEe Alojr|e FHE,
=9 Ay nEd AES A= 9Es Pk
=5 =4 Iy H7R] WxAee] & Hek THD
S 29479 1xaE B4t 9 NPCHE
4 28 ZE dAY 29 B A2 AEdHelA
I APS Foe] I BgS dSeTh

#aEd

(] 48, $A4%, 2425 129 A4S 48 94 344

PWMQIHE", gt #7)8ts] =8, A 51Bd 3%,

(2] dolE, ¥td, 9359,

2002. pp.125~132.

ZAdX, A “PWMSIBIE A
gl o] AR o]z AZHE 9 SEIE Ao
15t A AP AREE =2, 1229~2214, A 636
3, pp546~555. 2001.

M|

[3] Tolbert, L.M.; Habetler, T.G, "Novel Multilevel Inverter

(4]

(5]

Carrier-Based PWM Method”, Industry Applications,
IEEE Transactions on Volume 35Issue 5,Sept.~Oct.
1999 pp.1098~1107.

Ying-Yu Tzou, "DSP based fully digital control of
PWM DC-AC Converter for AC Voltage Regulation”,
PESC "9 18~22 June 1995 pp.138~144 vol.l.
Hanigovszki, N., Poulsen, ]., Blaabjerg, F., "A novel
output filter topology to reduce motor overvoltage”,
Industry Applications, IEEE Transactions on, Volume
40,Issue 3,May-June 2004, pp.845~&52.

NPC Ze# 2 AMee] nxs B4 3 23 Z 44 141

[6] Pekik A. Dahono, Agus Purwadi, Qamaruzzaman, "An
LC filter design method for single-phase PWM
inverters”, Power Electronics and Drive Systems,
1995., pp.571~576, vol 2.

(71 RaA. 238 ds7), “SHHYRE7I(DVRIY A4A
o BEAT AWH &3%& 1HF EEEE AAMY
AE ARt =52 1220~2214, A10782F, ppll7~
123.

[8] Juergen K. Steinke, "Use of an LC filter to achieve a
motor—friendly performance of the PWM voltage
source inverter’, IEEE Transactions on Energy
Conversion, Vol.14, No.3, 1999, pp.649~654.

9 A&3, 1%, 249 o7 E, “eAFadd nza

[<E] 2 6 1,
u} e

jal

[
24 e o

, |
SHe 089 @y 2eed SEuEU’

¥ 3
g3 =EA, A 10933, pp.296~301. 2005,

)

X X A A

U+ E(£%5L)

19763 83 114 20024 ofHM MO
=Zen B2 20049 Fot MAHM

7|SeR ot ZH(MAD. 2006 A

S thste FAIWYIBET sAy,

19744 M2t 3o
19874 0|=  Texas
g st3] 3

04 ~ A St HAEI

1963 118 13204, 19804 Zfth T7|

Zeln Z9 20039 TaiCh chery M|
T SYU(AAD. 19804 ~ 3R BIEA
2 7|2 TA A0y
ZEM(EAE
19706 109 3. 100444 Bk A
JlZEm B 19068 = ot mY|Z
st} BU(AAN. 1006 ~#A GEEAZ
4 |2oiTa MolodTel
i




