i)

K=}
e

|
il

24
bl

2 A
7] A

! o

A3

Output LC Filter Design of Three Phase Voltage Source Inverter
Considering the Performance of Controller

Jaesig Kim, Jaeho Choi
School of Electrical & Electronics. Engineering, Chungbuk National University

ABSTRACT

In this paper, the design procedure of three
phase voltage source inverter output filter is
described, The ‘d’ axis transfer function of the
filter output wvoltage to the load current is
described with the capacltor value and the
system time constant including the controller.
This means that the relation between the filter
capacitor value and the system time constant is
given as the closed form. By using the above
closed form, the capacitor value can be
calculated with the system time constant Whlch
can be implemented practically not using the try
and error method. And as the effect of the load
current to the voltage distortion can  be
calculated {from the clesed [orm, it can be
verified how much the voltage distortion is
effected when the nonlinear load is connected.

1. A8

A1 A BEHEAL WY FHZAAA 3
A SgHe wpez WG ¥ W o
cost 5 E5i5te] ol 3
Ade AN olFeld g™ 3a cost
sherel AAge He A Hzst Actat g
= qbﬂ%c:iy} & H’]H & %]_;]1:—])\ ]
zdebA At wela] Agakale] A Raz
AHE FHNGe} HYFo] HA AR wEY
4 A% AdE Fet WMol vay e &

%2l 91153 zHetA B ol T A2 A

Aok e 'de 4R FAEAR d8ds M2 =
gl 24 Aoz wighas] diaty da st
UehE ol gt 7|E gl dEdA WY FdE
A e AgraeE A R ARd g&
ZHANY AL Ay AdAERd Aozt
g AL® AESe AR sk, ol
#AAE Tt vldY REaFel wE £
nET 37E A Foe HFHA ey 29
G nxu ZE W e gow uFoENR
AA AldE wEse THDE 92 4 oo w46

AFAE 2 e A7) 48 stedt ded 4
2} Az Eol A E 4 Qv oA Add P9
& AEEe 2 try and error €10 Aor|E ¥
ek Alawlel S9EEE nyate LC A9EY
£ Fee] dAE & Y Mol v|Ady R
%—C‘ﬂ W2 AN g85s AN £ gl
ol¥ WL ]% 191 -F_’— jJr A Eold W A
< £3 Hg g 9

2. e PWM-VSI Al 2R

PWh INVERTER LC FILTER LOAD

Q.{@ Q_ﬁ@ Q_d@, bR
, AT A

o
I

“E 18] Al ZHl

= A (D3 o] =4
_ i
SRR PSS A CL
v, = C%fs( i, — i)

~ 748 -



2 _1 _1

a 3 3

_J_1 2 _1

b= 3 3 3

1 _1 2

3 3 3
A (RRE A AlzHele giuH AFE D
goll o4t J HE zete] gL R JElEE o
£ glth olgd e AqrE FAHIA 2
E *é?—ﬂf\] AerzAes A45AHe o2 4
2 o)x A gk wald A EE A AEky] 8l

A 3 o o

4 (e Zeel olde 2ol C B AAPoE
W4 @9k ol DAl 2AR JALTAE 3
A} 27 Mske] At

2 1 _1
3 ? 3
- 1 1
C=10 73 ~v3
1l 1 1
3 3 3
n . 1 -~
e = LfS'i‘Rf( Vi v")
w1 _ o (2)
Ve = —CE( 1, — 1)
o] 7] A
i= i i 4]
v o= Log vy v, 1

] ()2 RE AA OB Alade] JEE Had

2*‘.@1 Waloz Mz 7HdEe] EAFHA &E ‘d's

'qE ALdEE HMEB EHAd 2e @4 Alsd

7 FYFE o ¢ drh wEkA Aug 9 A

°l AFE e ez st MISO AAden
FEUEE 24 29} 2,

1

V. (w :
) 1L Ca? + IR Comw Vol o) .
_ L+ R, ) )

1—LCal +iR,Con Y

A 3o ziE EHAP] Tzal= WE A
ge] mrRE 9oz oo Rojz Ao}l ¥
e Z 5 wHoF Fo] dojxl B F

b
%2,
0,

Vo) = L
s =24 fwz
7 4
)
1— chfwg L™
el 954 7%]%: Al (4 A AL FA
A AFEIwd ol st FEAY Fo2 As
= cost §TE ;_]_)tf;],q;]_g Lsol CAbE sl
£ ol i, olelgh ukal e A7, HEF Folel A
S=lyge] THDA oif wPAS wFAE 5 2l
£A2E wHY FixdHs FAAE
) 2akA Ak 28los adEg BaE nydt
WA (4)8 HeEs ndste HEHLEE 46

o ohut 3o}
3 X 247 Bxaiele] mH

e 4AN AEE 2
= CDM& AH&-shdlth CDM Alei7]g Tgd 4
A AAW BEu= g7 33 gu ooy A
= 2 (58} Zeo] Vel 4= gl

[ SR ;
1t Lot

Ay wE7] T2E %

L Pl

- g0 -
1. 1 ! |

o o L 1 L +¢ +
—t - he f o T

T 3 A7 ZTEE MA ALY =2l

— ‘  kw .
Veals) L,cfhs‘+(ﬁfl.+k,.)c,s + b+ kgCAs+ ko Veuls) (5)
_ {Lp *‘f]Rt’S i (5)
LCASH (R + k) CA + (h + kaCils+ b
CDM #oj7]= Mpabert #AlStE gz AT
r=2.5, y;=2% AEate] A B Zeol S
Axa AFE AT ez 2 TAsx] g
AAR A71E AAE = ant
_ 1
Ms) =
( ) a353+a25‘2+a15+ iy
= 1 (8
T . e
-5 ——— & aggrsta
')’37’% 71 0 0
AEre Azd Agges Addus 5%
HARES RHAT 908 weah £ 4
9 gtel FABA B AFe] Beise F& A
By yEAT e wAsm AT Bo] g
4 4ol
Ifm'(j??éi‘(ﬁ _ {nw@)glfo (7
1107ng) £ w0

AGg 6)F Arlaked AMel oy (@)



3 o] FEAFA TER DI FH AHA
B #gtel] WAl HaFe] Ao|7|E XTI AlAH
9 AlAe(ng gy A Cpele] FHA=
FHEE HogFE

Falmwy)  (mawg) ' A

dlmwy — sc, g ®

2(B)E i THD AHdS 958 + Al.a Al
o712 g Alawle] Ao ole) 7
sl A e 2= & try and error §1°] ?ﬂlﬂoﬂ 04
QA HeZH Alag AN Aoy
AL 8 ¢ Uk

QL

i
oy X

Frm

4. de|d A

¥ 12

rﬂ,\r\ﬂ[ﬂ

4.1 g Ee R HIME S F
O 15 2o 6y =B T4
o PWM-VSI uglg] - ?ﬂ&%
DC At 293 F4e & X3
v, {wh = Vg Sluwd
= Vi M,sin(uyd) (©)
Vo gd A, sin(mwgd)

£
1 3%

oTJ_L:_

) HI

&

Zo

I

9)
t}.

r_Bi,_J—r O_La

o] 7].4,
v=[v, o] 38 PWM QWE Hst
M= [M,MM] 48 REHe]Q AA

A=1A,A,A) 8 1z#d F7]

At mael® Zhabel 1R e} azsre] A7
gonz PWM 32 ‘dg’ 4R HEAZ s
o d'&HvhE st A )

2

1
Vg =g V= q Un— g Uy

R ) 2 (10)
= Vsin (w8 -+ 3 V,sin (nw O 1 — cos 55 7]

A1) 286 7iEsey nA&ss A7)e A
Axlghe] Az Bdstn 39 vlF nEFRE A
A e ¢ F gk wEkd g 9EAYES &
AA FapE 71EAe T2 AFsn 1x25
A} =ZVlE V.2 AdEd ds A F=g
of A+t & 13 #rh
1 Vn/VdcZ2 FHoatel Fe(o] A

Order M=1 M=09 | M=08 | M=0.7
11 1.00 0.90 0.80 0.70
Fsw 0.00 ‘ 0.00 0.00 0.00
Fswx2 | _ 032 0.27 0.2 0.17

E&, o)X Az AgYe] Cr=vVat HE
AR7) 4=9F 9AY FagE A5kl ACSL
o] g3le] AlBHIHS B F v)En HFE A

e J,-m

T8 nEAES 20 e
Z2Ins 1oz FHISE F2lo] A

HET AR 7 9 111315
7 ,1 OOO 096 Q.02 0.00|0.09 | 0.06 [0.00

42 AclhEnly MEH

(32l HEFae A aEEla 7
2 =AY uxAE 8% lﬁ}f-_ Fa717] 4
2003 7ol sbk Ealsz AR Elc
1

(.n'( JW)

Vm’(]?ﬂ) inX'_L— . = 008
Xe
X {11)
2L
12.5 = X 1
13.5 Xy
n® Xg

4.3 Cost g8 0|83 CEte He AH
Cost &= &2y ze] Aojstz FToghtol

a2t A5 CAs WAE A o costi
AYEF ANAE B2 2z AL
o . 2KVAL+KVAC
Cost i} {123
)Vcdnlliljza’n
O:];']).—L KVAL: ﬂg;odajfzdnlzXLn
. = IVcdﬂlz
KVAC= ng;Mdecﬂ
44 AlAH eI Cf g MH
A28 AAY nZH A7E nese] P&
AR EHASE THDO (%2 F+ M 2 &
z3 A7e A7E 5%7h HEE AE©)F ol &
o] 2(13)7} #o] A2 AAFd i FARAH

FE AT

Valiw) | _ #tuwhe’
irdiw) | T 12.5C;
3 3
_ RlwitXe (13)
G < 0.05
XC < Q?’I-TG’LZ{J% I'3

45 @ ere] THD Al
ANzl A Agst AdaE At 2EEA AR
Folzal AT ATE Mnabe?l AAZE

AE x5 AAFE o] &ite Aor]e] AUEE
g% vhg H4E ol&dte] THDE Airghrt
9 2
(Vi)
A28 THD?F MEBea] 5%s 23std 423
of A A1FE 8%s TAA7T A FakrE oA

- 750 -



51 5%E wEkel HAE P 5% &
j 4 AFs B%E ZAhAFI CAak

2% THD

4 FoFAnE A F9en ¥d THDAF A
J

E 3ol Fojxl Apsbel wEl AlEeel i 4EE

=g &3}

H 3 A=Fo|ME 28 dtefolE
zég;sr—;J 30[EVA] [~=9 3535 954[KHz]
A74¢ [ 220[v] PEERE: 421 200[us]
o17] L =40[uH] g L ~165[uH]
Aoi7 ~ Cost g4 -
134 )\] C}—]OD[L]F] .ﬂ_ﬁ/\l Cf25[uF]
R~005 L RALS
ANEdold A5 AA AYFsolA COST &=

B ol &3 g A Al THD7} oF 320, Alof7]
ANARAFEZE nelE By AAA THDZY ¢F 3.7%=
viebytth 28 ulgeld Admdule} zle] 7]E0]
PE| AAwgolut B =R Acty Wy gt
Ay ARG AlgE HEFE G 5 AL

=% 4%} 29 5% COST &= 249 d&83
3 CF=v2¢l AF7) g A Edeld o
32 Bol@Ecoh vldg FEA THD7EF 85%7F =
o] &8 Ajgke] ©EEA FEE ¥ 4 Adrh

Magnitude [Volt]

N 7
=100 iﬂ—

000 Gol naz 003

Tims [sec)
JBi 4 CoST B8 0|28 LWEHHA S gw?l gt
[i11) _}T,,,77 —_————————— ———— - - '
5
= a0 THD = § 5[%]
=]
2
f=}
o
= zu{
. JJMMMM#_L____,_.J*
4] 0 40 60 100 120 140 160
Order
8 5 TRl Ae) Vo_aObEof fst QXD AMER
29 6% 29 7& Aois] ARFE nelste] 4

Magnituds [Volt]
[y

-1an

-3ny )
S0 ————— — - ‘

0 0n 0ol ¢ 02 003
Tmms [sec)

O 6 AlES a2fEt dedAe 377 Ft

6t | —_

4 THD = 4 6{%)

ude [dB]

Magnt

" o — M
/] e} 40 &0 BD 100 320 140 160
Order

o2l 7 3% 69 Ve_aTtgof CHBF 2ol AMER

6.8 &

2 wgeAn

= A AYgE dHE

e A dg dxz 2 Fe dE 834
she] ALgsE dE AMAE 2 A x
G Aad AAse AR 58P eEMN try and

error glol Bulel Care AAW ¢ den A

oft
=
-
=
S
oft T+
4z
ol
Lk
gal
:}m
=2
_E
I
5
Jd
(S
)
{o
2
o3

(1] 8. B Dewan and P. D. Ziogas, “Optimum Filter
Design for a Single-Phase Solid-State UPS
System”, IEEE Trans, Ind. Appl, vol. IA-15, no.
6, pp H64-669, 1979

27 S. B. Dewan, "Optimum Input and Output Filters
lor a Single Phase Rectifier Power Supply”, IEEE
Trans. Ind. Apnl, vol TA-21. no. 3, pp. 282-285
1981,

(3] "a4, AAE “CVOFE VSIo 2 IE 4A"#8F
#ab ghe]E] =3, pp287-290, 1959,

(4] #A4, AL Asedd o &3 o4 UPSE U
HE] FoAe) e av)ds AAAAITE EA
Feig =¢F, pp.l0-A-11, 2000.

- 761 -



