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Analysis of Control Algorithm
for Instantaneous Voltage Sag Corrector

Sang-hoon Lee, Jae-sig Kim, Jae-ho Choi
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ABSTRACT

This paper represents the control algorithm of the instantaneous voltage sag corrector for the power quality
enhancement in distribution line. Especially, a novel detection technique of the symmetrical components is
proposed for the analysis of the three-phase unbalanced and asymmetrical problems caused by the single line
ground fault which is he most frequent event. This proposed method is based on the simple calculation and the
control references of the symmetrical components for voltage compensation can be described as dc value
without any other phase detection procedure. And also, for the generation of the reference voltages, the UF and
MEFE defined by IEC is considered. Using this proposed control algorithm, the compensator has the fast dynamic
characteristics and the THD of the compensated voltage waveform is very low. Finally, the validity of the
proposed algorithm is proved by the PSCAD/EMTDC simulation and experimental results.

Key Words : Power Quality, VSC(Voltage Sag Corrector), SLGF(Single Line Ground-to-Fauit)
Symmetrical components, UF(Unbalance Factor), MF(Magnitude Factor)

1.4 2
gy AFE A" o83 AFst Az vl
@A ol FE7tA] ALESta 9l HHE 74sk BEAlAulel HHd oluAMe] AlSZ7el 1% 9
Aol Ao} [l sag?t swell 28] LFEH ] AMLEE aTee dApdblEd 9l /‘1‘—5 v #e
g2 49 ]
W\__

2 713+9) sag® AWAQ ARE z#E & Jdrk wEbA
sag7b 7H& WIWskAl veha Qe Al dE AnAEol A oA %9] sag7} =%
omﬂ}i ol2]3 sagE UiF-E-2] Al.é%ﬂoﬂ EIRE 2% B2 gFsa o

FA| 5algdu HAdz AgxEs FAs7] st FEdEY

e gea 2w, 59 ol gl
3}

L
09,, Pzl ol Fy
r

‘Ho r_F_z‘ o 1o r_‘\_lt



174 L 0l CRYeE Sk e 2k 20010 4)]

TCRs(Thyristor-Controlled Reactors)$-8- AH&8l51 o1}
ol#]dl WIHES Algsle A9 W 29% Q
& Axp4e) azmpyr RSt & FEEY
22 7] witol Alxgl gaFo] AXA =
F7rethe HAES 7 doh ®ek S
$ 7] wFoll £=AHRA ] sag] KA
A et

19931 Mark F. McGranaghane dete] sagd W4
sl wHow  AHeE WG V|(Constant  Voltage
Transformers; CVTs)E Alokatdct!! o) whie 4z
7b &olstal AA AL AHE hA AL QAN EFH sk
o] Lol 17| wfiEol § 0}7} 7}Bﬂ0P74LP A
77t 52 H$ gwHolx e

_{

rr
i
rd —
ol
el

F ol 719 At EAVIZE 7HAAL e e B
43t7] 9lsh WM O]‘ﬂﬂoﬂ kS AE A B
3 Helbdal B (Voltage Sag Corrector; VSC)7F =

r= AT H
A glefq 2
= st A
L Aol
A= e
AGRAgel et =
WA R A % =44 3 vt
@ z7A)ol A EH |
oko] WlE XS
of Ao} 27} HHT S £
o Alolg w8yl M dRe] dHE 27
dasirhs &2 7l e

mp_ tHLo] OﬂLﬂ z] zi /(]—/(]—;(],\4 7
 ERICECEEE R
—o]' o AdAsA R X] SHEE

woll A Arrt 2

b

o
<
I

BE] 93 VSC

LU W L L I 1w v d
o Ao} dargjFel] 3 AGE skl AA VSC
o 71&AQl o]E3} Ao} <hielE el AlEH A
Ul Arow pAEo guh 3% BHE A B

B0

A%37) Qakel AT oA A Ea A

oL =
28 AzukES Aokt on,  [EC(International

Electrotechnical Commission)oll 4] #4312 9+ UF
(Unbalanced Factor)9t MF(Magnitude Factor)& o]
ale] WAV EHGE FAH R FLily o]F HiEe

2 Alo7lE sk AojvlE S7IEEA A

FEAVAGE Aojoll 1 7| E-S Fa 9lem, A AR
71} 2 BF R A7 a5 PWM(Pulse Width
Modulation) B4 f-Eo & vixo]x et viAwto R

PSCAD/EMTDC A&l 01@4 28 %611 Aeota A
o] oug]Fel EldAS FYsklTh

N

L]
[

T

2.1 =A™ gt25H(Instantaneous voltage sag)
Aol A ?i%}f& Hio} o] 9] sagiz A AR

of o) AT Ao AAILE WA 2
AAHel Fgow s wAFE, o9ow T F
2(2F), 287 4499 5o AN BAT & 9l
o,

A & W
RO R B

xa  Ca
N 7/

a3 1 SLeFollAel Met HEE
Fig. 1 Voltage vector diagram in case of SLGF
PCC
Faults Others
Load
Uriliy glg Breaker
Sensitive
Load

a2

B & Al S0l A 2f vSC
Fig. 2 VSC in distribution line

ol A|ghalare] T—rol SLGF(Single Line to
Ground Fault)e]™, ZE4 DLGF(Double Line to
Ground Fault)td TLGF (Three Line to Ground Fault)
& oueidth 29 1o A-Y AA9 AL SLGE/F 24
e o] [y WMEES Holi Qo 23 FHollA F
el Aol FAAYPL 58%7F oA 3 BHF
Z7do] vl gk weba] SLGF7F 2SS H -

0y 2004 W RS washs] S8 4XE VSC
=819 v, 9 v sgske AttEs
etel Rabdehe Qs fHslok Bk

22 M E HE

B owReld ALgE Alade] T2 W Wesh 29 3
of 1molaL itk WA WYY MAALS 4 ()3} o)

EAGTh Al BAshe A sags 3% BYA 4
$= QA o] SLGRSh g BWY xAoR
1

Vs, ab V. wsin(wt+ 6 ,)
[ Vs, abe ] vs. be = Vs, chin(wt+ 0 bc) (1)
Vs, ca V. wsin{wt+ 6 o)
Us, ub? 1 111 Us, ab
vouwr| = 3|1 @ | |vu (2)
Us, abN la a Us, ca




A Hel A sag BTl High Ao} dmE]Ee) M 175
A QoA ARz, P, 1eian N& Zh7F oAb, A ‘wpebA A (3)3 o} Zhzhe) M7kt s - A
_ B PUEE T 5 A, AR A9 4 @ 9
B el o onE, a=e¢ ' ofth o3} o] thA] & 4 gtk
34 3940 A9 A o) ©v) wie) Ay T 7
3} dAarRo] e By nesky vk AR 34 & 1
nE = A HO malie wpwl o wo. o Ve asr = 5 (Ve apT Vst 1200 F Vs cat—1200) {4a)
,136(:)] -l—Zjoﬂ}d EHo]oT':é HEorv: MR \jTL 3
7p ool gon, Al A4 Ayt Haguere
=) W] )] &2 = [10) 5 P
Y gela AHE o83 Uy oR i 3l Vs, abN %))'(Us.ub+ Vs b= 120t Vs cut 41200 ) (4b)
oA Adde dan A5s B 4H 0 a0le
= gl wi oo 1. A EBE e .
?\%Lg" ARG ioh_ f‘o Hor o] A Lzoclo A A @ A WA o 4 Qo] AetE AE
crossing® 27) FAgel Aashl, AR AFel FFOl o mm el Alfsle] WA ARSS AEIE
EPEl sl 28 27 S £ sqrh AetR 4E WRe AR WiE 279e
o Vi Axtajor sl Ay} ojele] uhel= Aol ojHnt
Somree T Lo = oA 7 YA, 71E] W Hs) og 3
i -l " ey wae 49 Agel eAgoRtE g 4R
1 o] “prafA]7] wjiol Wiiel eiAtHE gflo]l w7
oA AFgez A& = v FHE A A
23 Hof 2 FE
T2 3 HOHE VSO AlAE 2.3.1 Reference ?!gnal g}ene?riti(c))n .
oAl A =Qsk HEeo o] ol&o
Fig. 3 Proposed VSC system _]ﬁﬂ oAM 7HE Fast S Hofzrel Q) ?]
B8 ARSI Aor B =fos [ECAA A st
Baguiol e A v Haw W dae] @ L gk UFS MPG olgsjel deirlel ArAs 54
asty, B BEANA AFFonr EHFI] s Hen d 6} Aok WA Ziel 3ol sz
Q83 S AEE7] ekl W@ PLL(Phase & ERIW 2 (5)eF 2t
Locked Loop)& #e & @t} vpxute] HEF o &3 .
A LeAFEe 11207 9 AN AEE e P [U( ab(']p [ V% ap Ve bep U:,mP] (5a)
]L7L/\ gl ‘?’]A]’X]Ojoﬂ H?:"__ }?_}B}'o] %]_8_—5‘]‘]:]' = [Ul,ub(-]P— [vs,abc]p
s gl w8 Addgenyd
% A 3l A ‘:H] tha - AR A}—; :\H E; [Ur ab(']A [U:,ubN U?, beN U:,mN] ! (5h)
o A 1 el 22EFR .
WS Zﬂ"&dﬂ. A A )01]*1 rerer e e = [vrme] g [vome]y
& B3 v ol dF i120° 22 AlsE e
vt otk ATA LS vt 27 SR & Ag 3
shusrel WIS elvlgh A% By zdel A
Uoacr2y = Vs, sin(ot+ 5ab+ ) oF sags HASURE A A (oA FalEskel "
) Ho zadzjol 24 wkEa Roldae] AARe (go
*‘”b[sm(Wt"'gab)COS(“:g—) (3a) L‘f: ]-O:(] L2 whsal Bshdayge _—‘,Ohr‘ 0 ]
Ba)  wng spe oo, oA FowM fedge W
+ cos(wt+ Hab)sm( 7y] AR A " golch ulgbA A B) v A
1 U> ah(t)+£ f‘vs,ub(l‘)dﬂ Eg;(]% 0]»%'5‘]—‘5 E] _L]— 7]-0] éé Z'\ o)]‘[:}-'
* . _ vabP
Vs a-120 = Vi asin{wt+ 5@‘%) [viw]p = [T Uy ) g (6a)
. 2T
Vo wl sin(wt+ 68, cos(—") (3b)
3 [yf.'”bl.]N = —[ Tw] Uabz\ Vs (6h)

— cos{wt+ 0,,b)sm( 3 7]

- % Us,ab(t) ‘7_\/73[ - J Ux.ub( t)dt]

o7\ [Tylsh [Ty)e theat 2ok



176 UJNE 7 i sl e T2k 20015 4]

[Te]l=1[1 a 17 (7a)
[Tyl=11 & a]” (7h)
2 (6)0& Tl the3t 2ol 2 % Atk
[veaelp = [Tl - (1= MF) - v,y (8a)
[veac]y = —[Tw] - UF-MF-v,, (8b)
o714 MF9} = [EColl A t+Astn de AF4=EM
vt 2
Vy N
MF = V. Z By, UF = v, ZBup
AWE Sl AH A= AFAFe R A7bE 7] wlEol M7k
A Adstez wMaA7n 28 wWgtr]e] AFHE
nolet sh 4 (@) thew 2ol & & At
[v:o,abr] P = [UE aoP ]Uj,bo[’ U:, z?oP] ’ (93)
T
- %—I_Lag (1= MF) - v,y
[U:-n,abc]N = [v:‘,aaN Uz,bnN U:,L‘(]N] ’ (9b)
S I 02 R
n l—a

Wb 4 (©7h e FHAHRAEDe] A
7 Hu]) Aojzle] o] Hrk B

= 7]
& 4Pg 9A4E QoI sletel FAHEANN P

i
A
2
>
Iy
2

depgler, olg &l thedt o] 2 (98 FVIHE
AR WA
[U):'o,gd]ep = TeP. [UZ()‘ab(‘]p (103)
[Via] s = Tone [k are] o (10b)

0_17]}\-1 %i&ﬁge‘é TEPQ}- T(va‘c—l—_ q'v\oﬁ“‘—l} %—}B}_

cos(wh) cos{wt— %ZT—) cos (wt+ %E)

7, :% sin(wd sin(wt—%g) sin(a)H—%)
1 1 1
2 2 2

cos(wt) cos(wt+ %E) cos(a)t——zgi)

Tew=% sin (i) sin<wt+%)’5) sin(wt—%l)

1 1 1
2 2 2

J8 4 Mgt Mo BEL
Fig. 4 Voltage control block diagram

2.3.2 Control algorithm

Aoj7le Al AgAofd] o vHkS Fa o glew =
A ARV Atz AR A
| Fehs stAE e stue i A 2AE)
A S AARY] A& ARgsth e A
A 9 Hebdie dFERAS 53to] nE AlA
g Aol E3tEo] Sl dHg AAT + dom A

o7 $54S AL & 2tk
2

Lo
N
-

N

o~
=i )

Aol AsA Y
Ak wluste] 1 225 IP Aoj717F HAME o 24
AME E9 e AFAE e Frb
2% 4o ARV ARSI 7y EskE Ak A
oj7]9] EEE7} HolAi glth B2 ARy 4R
B ool e Aojv|R pAEY glon F 479 A
o}7]17} Aadty, AR F8 RS A3 yrH
o AP BF go] Bk 1@ 4ol o, L5 ol
ol =9 AAse AHAE 9uiei, 4, 25 R
& 28 G, AWH 9 HEo AWAEHE 9
uj gkt

2.3.3 Overall control algorithm
ool A Aokt 9= AA Aol BER7E 19
A7l olow, AA HE AHA wA HAxHs
AgAel7] 28l3 PWM A5 whale] 574A] REox
of qlth WA A (45 ol&sl 34 EHF

o )



EAHQL H]E sag BAVIOl thed Ao} dmulEel a4 177

Symmetrical | M [ Reference [vi... . | Synchronous
Ve —» Component | Singnal Frame
Detection UF | Generation ’ Conversion

G Deconversion Feedforward Feedback
ate 4{ and <——‘ Controller Controller

Driver
PWM Signal (w) (P)

voltage controller
a8 5 TA Mo E5E

Fig. 5 Overall control block diagram

O\E%ﬂl Ak AEAE 2 A0l o3 F7)=

gheof, 19l 49] HdAler] o] gt [L}LPH il
Aol7) AR AolE Fatel AMETE HAsHof
Vio s WHEO] FH wpx|Eto R o] &

g ¥ PWM 4l&& IGBT AlolE e}
T

u
|2 W
T

o) —‘r‘
B

g
i

[s]
ej‘l 1__l:i
kv

X

e o rEE
T
-0,
*
1&

<%
o=
= y

Al

éﬁi
=

o

i

3. Al88olHd ¥ Mg
3.1 Al2afold A3

E 1 AlsEold My
Table 1 Simulation parameters

parameter| value parameter rvalue
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Table 2 Experimental parameters
parameter | value parameter value
p()Wer 1 kVAI series 12
rating transformer
voltage | 160 [V] switching 4 [kHz]
frequency
current |3.61 [A]| fault duration | 5 [cycle]
Power supply | ELGA SW5250A
DSP : TMS320C31
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