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A Study on Filter Design for Harmonic

Elimination of an Inverter

Hak-Yong Lee , Chang-Ju Noh

Abstract

Inverter can be used for speed control of induction motor by switching
power devices from constant voltage, constant {requency power source.

Using inverter, efficiency is lowed compared to pure sine wave because of
harmonic wave contents. Therefore, when designing inverter, eliminating effort
of harmonic wave contents must be exerted.

In this paper filter design method is discussed for specific inverter. And It
is confirmed that designed filter is abled to lower current ripple and harmonic
wave contents to some extent.

Designed filter is fixed up on the basis of calculation of 10% and 90%
conditions to the fundmental content of the supply current. Namely, The

fundmental current of supply is calculated from n™ harmonic current I, of

inverter input part, and choose the value of capacitor. From this value of
capacitor, the value of inductor is determined from the relation formula
between reactance of capacitor to reactance of inductor. If there i1s only
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capacitance, spike is appear in input current wave. After inserting this filter,
it is possible to eliminate about 70% of current spike.

The bigger of the capacitor, the better in the viewpoint of spike elimination,
but cost performance must be considered. At this point the optimal size of
the capacitor is proposed in this paper and also verified its validity through a
series of experiments.
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Fig. 2 One Pulse Waveform of RS PWM

RS PWM SIBEl: 94 Aztvitt 71&9E JEP3 PWM B2 F5 2
o). wiam 8 F7)o F4& 7|02 RS PWMAE L tiFolmg o] HAF
2 npojES Holgt2 uUEhd W w=A] $57} sHojok a1, Huigte 2547}
Jog

Tp=127[1+Msina)st] .................................... (1)

o

zwzu] Ro| WA A=Y HE HzdgE FrHoz YAJERRE 1/4 F7
oA Ad ol g
_U_Jf%ll, nzo,l’gy...,(_f._l) ...... (2)

sin w,t = sin7®

A (2)9 98 AAH 27 bolHE g A4ste] Look-up TableZ %Hso




UHE TEAS Dz das A WY dAd B A7

Tk
2.2 ALz & A

ol Bk Fo] Wrhe] olukae

v

v(t) = Zl(ancos nwt + b,sin nwt)

o} 714,

an =

1 4 4
71' fu v(t) cos nwt dwt

1 27 .
r fo v(t) sin nwt dwt

- Filse wict

W 11 s w
Nk L
width
— O
o= O
T R T ‘30" - g, 180" -3 B0 - @
Fig. 3

o] uj, 45t did A&l A9l sin’d+-2

g 50 7l gk Al A F o

x /204 oAl 4% thelal, W

AWy FHARS Fig. 39 Lol

=

o Jb4gstH, W= 10|t}

4

1 + 2(—cos ne, + cos ng, — -
nrr[ ( i Z

b

]

4 ‘
- m(l + 2

M~

(—=1* cos na A,>
]

k

= A (3 2o

Voltage waveform in harmonic

©+ cos na,)]

597



598 BRI AR KB RNE F188

Bald, 22AgS Feld #4542 AMT 2 A arzls
b, = .4_(1 + Zﬁ(_l)k cos na k) .............................. (5)
nr k=1
SES
3. 9g 4A

B Fode AANEHe §F¢ AT Fol7l Astel AREE F7r38te] LC
Pee FAsE 98 4A 7193 okgd AvE FHE AAAEH HH &%
AR B3l dFES A

31 DC 83 2¥ AA(Lp, Cr)

34 AC AQE thole= HIAXZ T4E 4FFE E3 DC AgeZ uHyol
ougel 9ZsE DCPAHL Fig. 4% Z°l oltigln g oAeixgt ASYAHE
gagsz FAY LC A9 F3 FH(low pass filter)7} A 83tth oA &
g Bge dojur] gsdAE AAAE Cr7t %oz AAck gtk ojAL 4
NH oz APe]l Tg7) Wi dA=e & g0 Cpujalo] AYH LrpEs
Aste Lp- CrAHE FAFo2A ARNE Cr8 Z7VE &9 £49. o 9
Auy Lps 293 Edx2HY ¥-& €1 Batol AYZe @ st
HAA7E A8 WPsA "o

gde e nx nE% AHF [, € Fig 59 A

Y

_ X e .
L= (ux)=(x./m) Isn ¢6)

olt}. 7] A, X, = 2R gLy wreeremrereremeeesen s (7))



AWEl FEA nzy Zas A EH AAd aF A

- L
‘X'C 2 ”f.ch CF
n o aLxd oz ITspt =913 dite] 48wt =
Gt 9 FRE L # A% AR ad 23
Lr |
. h?,ly,m e
A !
E G 7
Fig. 4 LC low pass filter circuit

fsh

Fig. 5 Equvalent circuit for n™ harmonic with L-C filter

A6 )+ Rigksh,

L= ooy, bo
" /172#77‘,7(§;;;L}-*CF_1

599



BB AR AR RUK £ 188

1 . .
ISH = ISHdc + ";1;’ éi(smwt + sindwt + sm5wt"-)

...... (10)
A (10)A AF AR Ispe L 8F AF AR Lie =
IstC = Iaa ................................................... ( 11 )
Liippte = [(Ia»@_)z—(laa)z]“z ........................... (12)
— Ia(a _02)1/2
2 (12 )N A Ly ©
L yigple e

A A& F Ak A (10 )l A,
ISHdc = Iaa = 1.2 X 0.5 = 0.6 [A]

41, . 1.2 /S
Igyy = oy Smot = __2_2122:(_;(_\,/7 g/ 0-5¢ [ Al

Ign = LTgn = 0.8LA1, g5 = fIgn = 0.11TA]

AINM, Ige® AF HEONW, Ign & 718H JE, Iy e 3229 B8, 2

. BFAFY DC AES 293N A7 A&

I, = Is¢ygse = 0.6 [ A]

BA34 Lpo Cr9 g Adsiid.



AME FEAlY D2 ZAE A% e dAd B A7 601

WEA, /1 e Ay Lol s 1,9 10%Y 4E Ay

ol A (6 )ell A

)(1,. = 10X(’ .................................................... (15 )

ofvh ) AMAE A L e

X, 10X,
I(’l - XI,—X‘ ]S‘Hl IOXF_X(—- ISH]
~ 4 <054 =06 [A]
olvh. webA, 06A°) HEA HASHFE 7FAGL W 330V, o142 A E &

o2 NEFHHAT Lol dFAF 1,9 10%

¥
4 W% 24l DCH BH 4-aS AHE3kel Table 1ol Web Lt

Table. 1 The value of Lp and Cr components of DC link filter

Cr (&8} - F) CLp A9 H )
. 390 ( 330V , tipple current 0638 A )| 151
v 330 € 350V, |, ripple current 0.751 A ) ' 533
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Fig. 6 Equivalent circuit of induction motor with shunt capacitor



AME TEAS REH ZAT 9% BE A B A7 601

WA, 1w A o) el Lo 10%9 Are AEuw
I, = 0.06 | Al
ojth. A (6 )°lA

ojuf. VI AuAH di L,

X 10X.
I, = XI,*IIXK Iy = M /2.5 T

olth. weld, 06A°] HEA YBAFE AT U 330V ol ¥l AAHAH
AAsor @k oluu e wHem AREFFAF Lo FHAR Lol 10%

2a 9% ZAA DR B AFRE AHEste] Table 1ol WERH AL

Table. 1 The valie of Ly and Cpr components of DC link filter

CF (If]'*?'] :,UF) L;:(lf}gk/lH)‘
" 390 ( 350V , ripple current 0.638 A ) 151
330 € 330V |, ripple current 0751 A )1 G533

S99 220 130V ripple current 1130 A ) 160



602 WEREASRE: KB WK F188

32 AMANR2(C)Y 473

Fig. 6 Equivalent circuit of induction motor with shunt capacitor
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Fig. 7 System schematic diagram

AW B F-AME 6719 39 EA2HE A& o, of 39 EANAHE
TE&387] A% FEIHE B R Az 4o 5L dodlE NoiseE:
flofar, AvE 3 =2e] FAgtoly surge YT 225 H QA H| 2 3|29 wlo]
Az T2 AAME X357 938 Photo Coupler(6N137)E Fig. 8% 7ol 7A3Y
t}.

6N137 ot
NG Vec |8 1 @.’.NT___:>+8V
PWM SIGNAL 2 ENABLE l S N L
P YAY * l 1032 ?680 103 =
o3 S 6 : PWM SIGNAL
4 5
~INC GND

Fig. 8 Power Transistor base driving circuit

Fig. 9= I/O Interface3]| 2 & Yehlidch



AWE TEAY nzd FAE 9T FE LA dF AT

Fig. 9 L/O Interface Circuit

woAEe] A9 A s AR EdRAYHE KSC30528 ®l-2 LA ko] 0.3

o El-e A 7ho] 05us, A4 Fuae Aol 15KHzol T s AlE el Aal Abg

gore olzx e fabvh AT G AN Fsol A FAAE AHEse
glob 4 whel gt

A4 Al ALEHAD AsAE ] &FE Table. 32t

.

605



BEREARE AR R F188E

Table. 3 The experiment value of capacitor Cpmax
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Fig. 10 Line voltage waveforms of Inverter
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Fig. 14 Voltage and Current waveforms of U-phase
of Inverter (after filtering)
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Fig. 14 Voltage and Current waveforms of U-phase
of Inverter (after filtering)
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