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Abstract

his paper proposes a new algorithm for the optimal placement of a step voltage regulator(SVR) in
distribution system with Distributed Generators(DG) using a Particle Swarm Optimization(PSO). The
objective function of this algorithm is to find optimal placement for minimum loss while maintaining
each node voltage fluctuations within upper and lower Iimits. In the objective function of proposed
algorithm, the deviations to reference voltage and the distribution loss are considered. To verify
effectiveness of the proposed method, simulation is implemented using MATLAB.
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1. M E GEAe ofdEFSs A A Hrok
kA, dao] v Al diie] dgEALS mxd
Y=g, 58 3 5o AR Y-S 2 £ Wdie] Hshr] S| (ULTC : Under Load
|7Vl 7W7ke w Al Sl AAIE A Qi) Z1eu E Tap Changer)¢] LDC(Line Drop Compensator) %1
FF FHLE 7T 25, A FHQ] JS wol o oJsle] $EHMNRKV)S 2As A, YA
= AR Holay, o]5e] =¥ widATS 2o] Ay B Wstow xAE L QrH1]. w3
shel dlo] EAlE o] +8== Feo]r] wiiel] A AT st w2 g AGAsE 109601731 -1t
A of MEAUZAHX(SVR : Step Voltage Regulator)

« FAA FANStE A7) 3
wx AR ST A7) E e

* Main author : Doctor course, Department of

E=Qate] WM R Y AL FAEHEE o]
o)A a1 QM2 A ek 710 A x]® SVRLS -5}
Electrical Engineering, Soongsil

.E__
=
=1
=2
University 2 , Akl e] w9l Tl Kol giele] W 5
x% Corresponding author : Professor, Department of & TEHFA] o S84 o) EA| o] WA Q)
o]
Els
5

o,
k1
‘1
:

University
Tel : 02-820-0647, Fax : 02-817-0780
E-mail : jckim@ssu.ac.kr

0%
T
A
N
i
N
N
)

Electrical Engineeri il
ectrical Engineering, Soongsi o} BEd) 2 SVRE] HA Ax] 9% AL 9
il
5|

oA 20139 89 229 d SR <

1AL £ 2013 89 29, 23441 AL : 2013 99 179 283k WR[34], AFUEE o] &3 W[5 Fo
AAbeEE 120139 9€ 269

z9 - A7)Adnske] =g A27d Al11E, 201349 1€ @

Copyright (© 2013 KIIEE All right's reserved



Wago] AE WA AFe SVR 44 AA0A 44

M
-

SVRe] 49138 A3
U 9 RS A9
efahA] 2ok SVR 44 4.
e AL A S 914.

A8 A AEAA A
2 fAshA 71t
PR 42 HAHL 5 9l SVRe

I flal A= At 22
e AR S 3
o}

A
282 Mz 40 F

T
rror
Mo
2
>,
rlr
o
S I,
o,
o,
[-‘0

o 24 o
fl
s

[}

) l'UZZ
N
o
N
[nt
X,
o
o
ol
N
o
i)
~N
rh
ol
1>
s
o)
[0
©,
kl

2
ofo

ol
e d

ol
-

ol 4 xﬂw SVR #4471
moﬂ AgEO) AL ool B Al

Jo 12 oo flo W b (H rd

oi_E_&

ol =

SVR*‘ 327H E“__i el 7+A
o] +10% W= m}ygﬂ Fssei7]. 13
SVRe] #2& HehIth SVRE o9l wigty)
2 7Pshd, W) 2212 Aske A (1) (209
7ol BT 4 96l

Reversining
. Switch
VA

Series

s inding o ? L
Vi
Shunt Control
: Wint:li?ng EWindir‘sg Control
[
' |
l_ _ . 4 Y
CJ - \-}
SL
T2l 1. SVR(Type-B)9| 7|=2 =
Fig. 1. Basic structure of the SVR(Type-B)
a,, (t) =17 0.00625 % Tap(t) Q)

@D

Vi) = —y < Vlt) @)

Ay (t

A7|A a, (t)= SVREY HAJH] 7Tup(t) > SVRE]
= Q1A Vi(t) = SVRE] 13 A, v, (1) =

+ SVRe]
205 Agke bt 2 (D3 Q9] wE W
Azl digk shrolnt 2] (DellA &9l B9+ -,
Al Ae= 2 EEct

4 (37 4 @ SVRe) A4 AN AE A8
) FATEE e Ak 2 @) A WA

2

o714 i= SVR AA A3, v,= SVR A%
T AR 17 717 NS SVRo| AX]H Ft
Z(node) 7, = SVRo] A% <]
TZHbranch) <, w,w= 7FALV, 2 7] 2
(29KV), V,(i) = A2 A% oA SVRe] ¢4 uj
o) ¢l jre=e] A8, pr, (i) AX] A oA

—1
> 2 g
bt ope S

2

3
r_>ir

o

—

Journal of KIEE, Vol.27, No.l1, November 2013



Al
=

SVRe] &84 we] 1AIgkel] 1 7gke] gpAR
2 vehic.

i

3.2 NjetxA

SVRe| H4 4291212 Adar] g% A% 24
& veat 2ok

Vmin = I/](t) = Vmax (5)

A7 V()= AR =] A Ve, S Vi

= 7y A AL A

A, Tup,, ? Tup,, = SVRE] ¥ 91202 - ahat
Zhe Yepich

3.3 PSO 71 XV A YK MF
inElE=

< SVRE] A 91 AAS 918 GA(Genetic
Algorithm) ¢} -2 Z18}Ast 719 o] 485
AAee Hola rH34]. 18y GAE /A 45 A
g WhHolu werie] A4, EAWole] vjE T 4
AfjoF & ster]E ¢ 'r7} i, AAAke] A
& (encoding  schemes) t’?% Aol g} X
A 8l ol dEks Uk webA 2 =welA e o
we] o] Fheketal, HA S Sl ks |
= gEE 7t Ao A Fdo] &olsh, ALk
o]l e EAS 7R 1L Y& PSO(Particle Swarm
Optimization) & 483+ 4 912 A4 W25 At
sharzbgheH9].

SVR ## dX]912] 445 913 SVRe| Be 7F
o Ax] 7kssitial 7Hgstal, Ao g == SVR A
A8 1A (Particle) 2 T 8FACh s12] s

[‘}“.l o
Y

.

%1 - A7) A 278 A11%, 20139 11€

H] 2 YERIHAE 09~1.1pu

g WSt
%59l .?—g—ﬂra—}z—d o mhe} 7t o) S
.'Q'_

TR WSl ol FASRA, A D 4 W
Wk A9 4E 2] 93 17 29 2o PSO 2
melES A8

2| (particle) = 7|2t
(B X S EL AR A - ()

Mo 55 g E7F |, K2l 22
(413) 44)) FIAHE AL 2®))
3
k.
T ZﬂHI"I

g

Yes

End )
32 2. SVR Z|N X|MHE 2/t PSO €12|E &M=
Fig. 2. Flowchart of PSO Algorithm for SVR
optimal placement

MA ] Zxe WENE A (7)o o)) AatEE, A e
A2 AR olEsh= Fadt ARt Bk AA 2|
= o

+cyry X (pbest, — X, (t))

+ey1y X (gbest— X, (t)) (7)

X(t+1)=X.(t)+ V(t+1) ®)

714 wi= I3 (inertia weight), ¢; 7 ¢, &
7V, r iy 07 Aol A, phest, =
WA 748 0] HAae] 9| ghest= AA AA ] A

D



Aol AAE WA AL SVR H4 YA A

M
-

ol Hgel 1%, 2L V(1) ek vie+1)2 ¢
t+ 1A ol Ae] A o] &l x (1) o

X (+1) € 19 14105 Zslol o] A o) 9175
oJel e,

4. AIHIHPE S HEIHT HURE

=

4.1 2O HEAT R ARAT T

Bardgle] £91el 9 whaAE] thaled, SVR
o F3 B 91X0] WE WMAAE AHRELE Rola)
Stk 717 39 18 2 Apola] melg wjaAE
o A= ‘JJrE}HlEi o m. o] A AE A

ks TAASE ), AA G (G~105),
Eﬂﬂ%ﬂ(uﬂ&z)gi %fo}uq, SR
| 49t %\4[3] :Lﬂ—r

flo 3

rgoﬁéuﬁﬁ

=
2H 16W =9 z}z}
ﬂo] Oﬂﬁlﬂﬂ =g

A

10 =0

o
Kooy

@

154/22.9kV

32 3. AIAFE fIEt HiEAIS 7Y
Fig. 3. Concept of distribution system for
simulation

@

@ ®© e
OII.
g
[\

AAshks A
WA 30 AGAR AHEELS e AlgH
3t duE]ES B3 SVR AXHAE AbEshe
W2
120 77T 7T 7T T T T T T T T T T T T T T T T T T T T
st Dol splionalotes S it
5 100 ! rd '
=R
g 0.50 / " 1= ,7-;‘ ; |
Wil } T
0.00 : GG B § I A A D S R Tk
Timelhow]
a2 4. xofy Ywst T4
Fig. 4. Load curve according to area type
1 2EAS9 oefole
Table 1. Parameter for distribution system model
From| To R X Load DG_
bus | bus | © o P Q Capacity
MW | Mvar MW
1 2 107281564 3 1.35 1
2 3 107281564 3 1.35
1 4 10091019 | 8 3.60
1 5 103640782 | 2 0.90
5 6 103640782 3 1.35
6 7 10910195 | 3 1.35
1 8 0546 |1.173| 0.5 0.23
8 9 10.364|0.782 1 0.45
9 10 | 0.364 | 0.782 1 0.45 1
10 | 11 |0.364|0.782| 0.5 0.23
11 | 12 | 0546 |1.173| 0.5 0.23
12 | 13 |0.728 1564 | 0.5 0.23
13 | 14 |0.728 1564 | 1 0.45
14 | 15 | 0910 1.955 0.45
15 | 16 0910|1955 | 2 0.90 3
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Table 2. Average of Performance Index according
to Installation position

DGRAA A% | @Al | w2 | w3

AA A 0.004997 | 0.005011 | 0.002376

AA F 0.004529 | 0.003996 | 0.001993
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Table 3. Total Power Loss according to
Installation position

DGAA o[ WAL | wHz [ w3
AA A 3742.6kW | 3762.4kW | 3612.6kW
AA F 2549.6kW | 2547.8kW | 2439.8kW
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