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A Novel Arbitrary Notches Generation Converter with Easy Control
of Notch Width and Magnitude
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ABSTRACT

In this paper a novel power converter for some notches generation in the point of common coupling is
described. The magnitude, width, polarity, and position of the notches generated by the proposed scheme can
be varied arbitrary with simple control. The scheme has good features of simple structure, high reliability,
low cost, high efficiency, and the capability of arbitrary several notches generation. The converter can be used
for the test of custom power devices such as UPS, DVR, active power filter, etc. The circuit operation is
described and the usefulness of the scheme is verified through simulations.

7I9E
xX), 3EHEH, AEFAYY, 12 9

.M B ol AYFAS A7) 9ske UPS,

DVR, Active Power Filter $2] Custom Power

AYEA Polase A BE 4, 4ag o Devicesyt A& slod o8 5 FPS
@ (&7 A, Voltage Sag/Swell 5), A4y 98 @77 BL3] AP JUoH1-6]. o] F A
£ (NAY, = ;ch, nz3} =, A ZA)es HER MAFAEY A AFIHI] AR A

SFUR P
!"'ﬁ°1 —?— EH QL ""Téi EH ErJL
Xl 2004, 8. 28



=X EF A7) Aolt ol 2L W] 9o xA B HAwE

E 9wdos wWe aloln Bastellse] B¢
4717k Gol8A eoln H2 AzboluA 4&H
9 gHE] AAHD AeH7L 2t [7]lA A
e Pae AT fEILS YR dgE &
Ade da ek

SCR S A3 F718 ALEE HFAE7A,
A=A, e 3d7) 5 2R/4% A
71 4A AAANA NS FEASA A8
3 YUtk ol AFNG) AF FEHEHANY =
Aege BFY) FFol 245 s vt
| FEASH A28 e ARl 5%
2 BAATIE 59 AYHA EAS HUY 4+ 3
o olei® BAE A8y s AL EA A0R
A8 Ause] 45E ABSHE A AFH f4b
@ w=A YA} Bastch

£ =RME 53 nEv 9T I8 AYE
2 gE A@sh7] 98 STUHY =XAA 4
FA8S A3tel Yoo =B WHY & Ae B
A8 Aok ALE YA A8 SCR 4
o BRIl 4F FEFEPANY =X WAL
Aoz e 7EY 4 At g 55
Hel 47 R 35496 EHNes Vel A
T Roz JuEth AL B U N2
3 A E Agsgon NEdolHe Faid]
1 gg4e 9Essch

SR|LY ZIHE

21 AWH J=EF4A

O 12 AAe WA 34 =XgA7] J2E
@3 33 HE&H FLE Jehdd. 343
ALAY v, vy, VERY X7 T3d A
St Vg Vpsr UpsE THES] UI7] Y8l 2 A A}
ojd] AR ARl Vg, Vg Vy?t FIHEEE 34
o8 Upy Upy Ve 427 HEWLA7] T, 23
Z Agoltt. Wy Ty9 132 Hgte nny
WA gdbgy T(7, — T,)9 23& Age
29X (S1-Se2r Spa1-Spe2)E %% (Chopping)st
o de

olE A9Av /9% At 75§ IGCT,
IGBT, MOSFET 02 A 2 glon] Axte]
FHe £ wel 249ack vy WA ud
W7l 2215 HA-o] 1-990 Jod gAYl
EFgEs ALY =X AAAY o gAIE

Hejrt =, D-FFoA= S8 ezt 9o
2XE9 &/9T A WA Adela AYE
F437] st 48 E HEHo s Z4 294
gl Wdz Ry— Cg 2un 328 #7139k

22 AYH &4z

a9 19 34 =S A ¢ el T3 4
ge TYEE a-dg /IFLoE HYgth 19
26 AYT Bae FALAE 49y Jao
R gol 19 A8 A2 Fo] & 2Ee 3y
& Jeld Aotk Vs ALAY v, vy U.F 4
U] ‘}"11 Vo %a ;8_?} Uasl Ubsl vcs% _04]3] 2:5_]_—]:}. 3
4 Ztzke] $o] $YHEZ S, -Spad SBlO
2 Jehdiglen SB2, S1, S2% 5Hj vl A}
£3t4th 293 Sy Sppt AZ BFHY
Y2 29HL 3 290Fo0] BA}E WF|
T RapAFel F4o o8 AR 5, 2
SHR7E A BEY]) FEe ALaA) T
1345 AF7} Speg B3 5222 Spo7t 29
2 "l 19 2004 "Eo] 19] HLolBEZE B
AR e WYAY v, Aol maA
0 < wt <Y FRAME Sppst S0 T2
293¢ WEGLL A Sp,8 Hox sw
gugty] The Agse Tpsh 93 dsd
Ry— C; 3128 53 527 €tk A4z o
B 12 F ol 5, Hestd T 2343
Aol 7y9 13456 A7 £y ~ t, FTAA
Ty 2343 AG vE T3 2o

va + Vaa v
*‘—“@ W,
Ta T
Vo + Voa - Ves
& 5
Ve = - Ves
@ s“'i’
§ s Sobs
g Rs
-—ow»—-él-‘
s
70<}——<
Sebz

+
C
.,

Vea
>
Cs
<7}
acz

RaaS ™
s
]

IS
a7 1 34 mx{WT|
Fig. 1 3-phase notch generator

1701



HAHLYRENES =] A8H A8E
vs 4 Vgs = Uy, (6)
v} /r/(_'\ﬁ 7} drt.

e

ser i f\u__/l)

] ] . AlZajjo|M ZT}

Sez2 £ -

s 1 oL o ANEH o) Aol ALEF Al2" FEtelEE B 1
s2 | ol o n k1 pd 4o 2
AN ™ 2z a2y 3e ALAYAY v.ok APwgty] AY

a7 2 2918 NE ¥ YAEANY
Fig. 2 Switching status, input and output voltage

Vg = vTa/n (1)
Vg = U/ N 3

A714 nd nye 44 FEEkrl 1;9 a4
Wty T fA4delg Jehdt gdeir S3A¢
VgsT=

Vg = Uy — Ugy

1 ©)
n-np

zva(l_

olpi ddEWY7IY HHol N-F99 U= B+

_ 1
Ups = va(l + n ) (4)

o] Bk WA =AY H3t 27 L BFE Y9
2 AY 5 AT oA S, deTd F i,
AN SppE Ol Festd 159 13430] gty
og

Voa = 0 (5)

1702

2 WAy 99 0,8 Yedch 4834 2
43 HPALY) 245 Aol WAAAN & vl
A7 HAHT Yee & 4 ATk 1Y 4% o
& 08 A4RaA % 19 zdoT ARl
H92 @ v,,% i, HY L Ytk =27 HY
Aol HaAE Frolnz BRI YL
I3 98¢ ¢ 5 Utk

B 1. Alad mlelolg
Table. 1 System parameters

At v, 220V
29 P, 22kW
24d A Hg 1042
=q8 ANAEH Cg 10pF
AZugr] A4 7 1
S8Ry A ng 0.2
2314 T Va.EMF
to00——==" 4T < 100.0
"~ y
100.0 ~ — 100.0
2123 Rt 2123
33.20m __ 36.6Tm 40.00m 43.33m 4667m _ 49.97m
2314 —— Vada.v
1000 - 100.0
0 t : o jum) ooy o
= =
-100.0 i 100.0
2123 -212.3
23.20m 36.67m An.0Dm 43.33m 4R.6Tm 40.0Tm
2314 = Vary
1000 [-——eaii” >~ 1000
olet I o
1000 \L:U _ | A 0o
223l 1 | - L 2123

1T 20w W RTm 4N Do AT 2w

38 3 4EHATUER), HFHAIIHNE L,
w7 &4 o)
Fig. 3 Utility source voltage(top), series transformer
voltage(middie), generator output voltage(bottom)

AR KTm A6 Q7m




Aozt gojd MEZE WA ¢ x=2] T A

ii] %.T’—}- 3_7]
2314 Vas.V
2000 =h l tast
P ' \\ Vas
d [y
100.0 [-mprer i 100.0
s
LN
g A" e la
AV Lo
e Ry Ry
\J
+ /,
Iy Y’
100.0 - J 00.0
] [;
2123 Lf- -212.3
33.20m 3587m 40.00m £.33m 46.6Tm  48.97m

33 4 v, 2 1, T
Fig. 4 Waveforms of ¥y, and %,

Vpe® =X 22 Sppst 8,9 291902 o
2013} W 4,7t £()Q FANA =7 24
o olme SpyH S, 29302 =7}
AR E & 48 uet =LA S 4T 293
ol AW} 19 59 62 2% 34 &9 A
¢ BE A B8 Yehdd o5 A
o) e & nEv P& oF 55%0lch

2218 Ves | vbav
Vag 3 2 Ves.V

Ybs
/, L T\ /{ N Voo,V

100, . " \ i'f/ ﬂ\‘i 4 I 1000
[EN AN
' \ \! / ,/
1000 I\l\’)/ ;\.rL\/ W{\Lf /[ 100,
NI

g ™
2008 = 2000
-238.5 -236.5

16.25m 20.00m 26.67m 30.00m

23.33m
a3 5 34 &8 Adet mg
Fig. 5 Waveforms of 3-phase output phase voltage

34.38m

382.8 Vab.V
3333 VeV

] Ty J—J 3
// , ]L BV ad B AN { o
188.7 7<—v.bs V< > L1188.7

T Vocs ~, \ Yeas |
i \ j/ { \"1 /V/{/ N
° > <
' 's// \/’/ \/
1687 /\[ / /l( A k{\ J// \1}\

- N
— \ Iy N LJ\ -
a8y v
1626m 20.00m 2333%m 268Tm 30.00m

% 6. 34 &8 Mzidet oy
Fig. 6 Waveforms of 3-phase output line~to-line
voltage

168.7

-375.7
34.38m

v.d B

B sFdMe AZEL AHAE A% 244 A
LETFAA, sEAYLE 59 A5A P £l
3 QRS Lo kA TAVE AAIA

AgHg WA B3l ERIA =XNE HAYA
2 4 ey kX9 V| F % FAHL Y=
Ao F ermz FEAYHYY 5& 999 o
ZAdA tgEA HAES 5 Utk AL Wy
o W3 ez FEAAE dYsyen A
S89L sty AFH AEIHAE 3N
th Al Eg ol A JEo) FBEA gdte =X
g daNg & dde RS gA3ido. AU
Hal e A\ FAo] 2hdEle E&o] ¥ AA
Holoy NIHE7} FolN AHFA NAZAEY
xjo] hE 724 A FRE AT AP 294
22 FHE /M Aoz Jggith

EHIEE

[1] S.A.O. Silva, P.F.Donoso-Garcia, P.C. Cortizo,
and PF. Seixas, "A three-phase line
interactive UPS system implementation with
series-parallel active power-line conditioning
capabilities,” IEEE Trans. on Ind. Appli,
Vol. 38, No. 6, pp. 1581-1590, 2002,
Nov./Dec.

[2] M.C. Jiang, "Analysis and design of a
three-phase active power filter," IEEE Trans.
on Aerospace and Electronic Systems, Vol
37, No. 3, pp. 824-831, 2001.

[3] A. Ghosh and G. Ledwich, "Compensation
of distribution system voltage using DVR,"
IEEE Trans. on Power Delivery, Vol. 17,
No. 4, pp. 1030-1036, 2002, Oct.

[4] Z. Luowei and L. Zicheng, "A novel active
power filter based on the least
compensation current control method," IEEE
Trans. on PE, Vol. 15, No. 4, pp. 655-659,
2000.

[5] Power Standards Lab. '"Industrial Power
Corruptors-standard power quality distur-
bance generators," 2003.

1703



XA IH LN =TA A8H A8E

[6] Elgar electronics Co., "Smartwave Swit
ching amplifier operation manual," 2002.

[7]1 Y.H.Chung, G.H.Kwon, T.B.Park, and
G.Y.Lim, "Voltage Sag and Swell generator
with  thyristor controlled rectifier," IEEE

Power Con 2002, Vol. 3, pp. 1933-1937. 2002.

W PNEAV]

{2 (Woo-Yeol Byeon)

1987'@ Soluistn A7)
EA4(FTHA

B 1997 AW A7)
I = % (3 e+
2003 FRZdise
gAY 8
1982d 19~ @A) KT $4345 A28 &85
*@ARok : UPS, 377, A4FA A

SHEL

27 3|(Kyung-Hee Oh)

1988'd Folujgtm &) staj(o] sl

19933 Folidtn AxF&A(F AN

2001d REAYESw SFAFHEAR AR
T8

19963 ~20008d FH U AL

2000~dA FHUE dgdmY

¥AA RO o]2 B4 g A|A, AEAHE

2| M (Eui-Cheol Nho)

19843 Mg Fd H71FEH

ZA(FAD

19863 A Ered AL

AT EY(FHHAY

19913 #=33-71¢d A7g
& BRI R LIE LT

1997'd ~1998'd n]=* Wisconsin-Madison F§tj

& YERS

1995 ~ A RZNEE T AZIAAZTE

B Rus

*F4Eok : AYAR, FAE AF7 R UPS, &

ZEZ2H3 DC/DC 1WE, A8E, A€FA QA

1704

Zlol=(In-Dong Kim)

19809 A g o) BB

(TN

19879 #FTstr)ed A7) 2

AAFT QBN
19919 5 thekel E<(Fsheba)

19919 ~1996d 933 Q Fx=AFAT4 Y

a474

1997'd ~1998'3 ©]= Univ. of Tennessee & xl

1996 ~dA) FAUE}E FH AVAAASF
3

o Ly

5

P
5 Rusg

oA EoR : AYAR, AFI)A 0, FAL
7] ¥ UPS, $44 DC/DC #AWH

=2
L8

%[ =t (Nam-Sup Choi)

19873 1w Ars)2sg
ZEJ(FFAH

1989d Jt=xEried AAY
AR-Z &2 (F A AN

1994d #x7&r]ed H7E
AAZF &H(F AL

1995\ ~ @A) J4=oistn AUt e A F8 3 @S
19993 39 ~2000d 29 Wisconsin-Madison 9
s YEaF
ARl : AYHAIE 2dy ¢ 4, dY
Al ANE M4 2 3§, PWM AC-AC AHH,
AYFL AA

X1 (Gyu-Bum Joung)

1984d olFul Fo) HA-F 8T
4

19863 5 #HgL7Ied AR
Nl A2 33 & (F A

TA 19903 #23erled AR
A E ot (3 s
1990~1991\d vu]3 Virginia Polytechnic Institute
and State University 939

2002~20034 ©]= Texas A&M University W @4
1993~199%5d 4ZYIFL-FAFE QYA+
1995~ @A ¢Md&n o]Fd JRFAFT T ¥
g

¥ @A Eok . AYAA, 5 AnE], SMPS, o o]
yz &8




