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(On-line coordination control of OLTC and Switched Shunt
for enhancement of stability using local data in substation)
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Abstract This paper suggest the on-line coordination control between on-load tap
changers and Switched Shunts for ensuring the voltage stability using local data obtained
from one substation. Inappropriate control of on-load tap changers that are able to maintain
voltage profile might cause unintended result that is harmful to system stability, especially
voltage stability. This paper utilizes Z-index that could inform the whole system condition
from only one substation data. Simulation is performed using the HYPERSIM that is a
digital simulator and matlab simulink to confirm the proposed algorithm
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M 2 2ol $18% @70 g £AH Uk ol 7
%o QAwd A7 dFe 2T & AT ol
=

Aol AGAZL AAA A} B4 A o A slAE SAsiA FACTS(Flexible  AC

Transmission Systems)Y S.C(Switched Capacitor)<}
| v gudam dddTad daawe Agd oy e 17150l ATl FAA7IE s, 71 g
TEAS =5 ol&ste] Ho &40 R HY-Fad"s A



Aol A A &9E T AEF 3
o] @Wo] sl gt} [11[2] +ES 7]
FHE L Aol " HEFsHel

GA7E Aol AdElel  wek Tap
controllert} S.S(Switched Shunt) Aol a4 o¥

=ol A3 o AAL = AAolrh EgF AnAES

Fdel A

oY &5

k)

3T [e]
'E‘;él‘_a‘

nE BN AM #3 2 dely

B
- 1
= WAL AEsE THestee AR B3k

lo,
of\
N

)
ol
o
oy
>,
P‘L r_?_,
Mo
2, S
o X
2
=iy &)
po it
2 Ay
P
o ff
2 I

N

2 @

T ">
. 2o XN

k2 jo
0 N oy 2 ! o K

Mo Mo b no
Lo 2ot (=¥

abnormal$t e, & $HE&HF A 7HEA

ASE Alefrre =
A7} obd AFe AHA
, A = Sl A

ol
-

e

J

|
oxl 4
b
KE
—{II i)
TN
"~ 2
[HUBIR
o F-E
4o o

(<)

= m\‘:_L
X to
> ot
)
O,
=)
] OHH
02

= r
O

I e
N
e
o
B
o,
2,
R=)
gl
Ho
)
2
i)
4
ot
o
fo
-
i,
-,

datas °l&ste] AEel FHE

wobsl il normal 3k
7d5-¢F abnormalgt 7 -9-ol diste] ztzb Ao} 4 A
2SSyt sl AARE AR E dHS 9
A= wE Az dlo] HHEE #AHT S 9lojof
at7] wZell, off-linedl A sAM == PV a4 Lare]
=g ol&st7]dl= o Aeke] Utk # mielAE
Z-indexE ©]&ste] e FElE abnormal “JE| <k

normal AH|E UFi, abnormal AHAE AE &

= At profile S A3 2EH Alo] WS
Zstazt gt

abnormal “FEjeA OLTC®] &#&
A<t profiled] & =& FAU A A9

A Abegdes oleA7I7l e, tap

blocking A S.EZX OLTC E#o] ¢
Wx]gk 4= 9t} normal AEje] A9
A% profiles A7) Zlolth dubA o
Hol= At #4115 98l Aold + U= device
o719 tapd} switched shunt?} gtk (I3
shunt-type FACTS 717]%= 9t} 7+ ¢t
Aol Hojdk A4 tapy} SC7F A= 52
=, o] e T2 AR e e

As WA Y ek, s 5HA g
voltage hunting @Xo] @A = 7] wio

FAAZo] st B m=FoMe Aoty du

o
o
25
zl

N

fo

>
(E g o
(RN )

i

ko
2
O g BN N XN xR B rlo

oo Looft o T 2

O
—
3

)

PN RN e

AsE #8 "dAE AlEdelHe HYPERSIMS
&3kt

2. X YFEE 0| &

nelE

of wEolAE wel WMAse] PMUAA @& &
= AF ARE o gsel AYg-PEAHS T8
o= Aojat] As) WAL AAHo] Q= deviceo
Aol dmelHe wEHaA deh AAHA Ao &
nelEe <3y >3} 2tk Wik Ue PMUZNE
S5 data® GOE ABY YENE shopatu A2
"ol 24 B normal Aell Al @& Alof ot
FueFL  FAsw, Axdel BAFFE AL

abnormal ‘gl A 9] Pz Ao daEls



Local measurement data
from local PMUs

l

__{ System condition Check |

(Z-index) |
no Abormal coordinated
control algorithm
yes l

Normal cocrdinated Coordinated Control
control algorithm (5.C, Tap, FACTS,
1 Load shedding, SPS, etc)

_{ Coordinated Control
(5.C,Tap, FACTS, etc)

M= AlFe HEE Wb AR Z-index
S AA4stda, ol& A7l 918l RLS(Recursive
Least Square) WHS #&3t3ith RLSY 7MY 4

= v2 9™ AN matrix]
size7} 2x22, LS (Least Square) W #8419 4x4
Hop 7] wjel AR SHoA wEThs Aol
o} w3 LSWHo A=, parameter estimationS A4k
7] flasl deg dHolHE AAstr] A=
moving data windowE Agslord wREE7F il
RLS WHo|A = ©A forgetting factor AOXAL])E
AARFozH 9o HAE AT F ok 919 54

r
Vi Pre-disturbance

- Post-distu rl:i ance

Pi(V2) P

(a) OLTC #lof o]% PV 4

A
coordination &il2l5S A-838ta, ettt Adt

v

o
o
o
=)
~
=
Sl
o

o
N mlo
=)
20
ful
N
)
ol
o,
to to,
e oo
lo,

%
HolA= 7
% S

L
=9 Atk F
st £l

fr 4o
S
3

Py(V2) P

(b) S.C Ao o]% PV I

<19 2> S.C, OLTC Alold] w& pvaA

-121 -



0ol A rl, rloA] 2= o]E3stal, A BellA A=
SAHE ZHA E Zolth o] AN V2 44
HeIgke. L, o9} HEo] PIE 355X

Ao

Fe oA 2& 4 5 3
%, tap controller= 2%} 29| voltage profiles &%
AZIARE, Al 2="D S HdF BAL 23] oS

FE gk o FSelE <1y 259 (B)sh 2ol SC

RRe A% A FAMS Ul Yee oy
s, olml o}l AlojEAE AsA etk <
7 3>ol4 WF RS OLTCH 548 45 1,
SS 7t BAT FE Yt 9YoR BUAH AClE
42 203 B2HY AT £9L AN F2A
U EL

2 FAAA A2 2o AYE BAHFE Aol & & 9B WA Qlol FUHRE A Vark wokAE 4
Aoy, <y 2>9] (b)i= Ahal olxl 3ol 0" -2 AlFe] HEAdH etk <I¥ 4>, <a¥ 5>
oM &dsta ithrh Aol elgko] AR olF oM Vmax, Vmin 1245 dgte] Hdf Ha 4A A
AT HoR XA ofgd AeE HolEth oW & YERL, Qmax, Qmind 1AM 22502
SC7F F4HAY SRel AA He wb el 9 %017}“ Qe ks HeEhfaL, "0 AT
‘B MOR o]F:, Ax ofd JHUE Bolz 4 9 B 247 Almoldel £, AtmolFe] 4%
S e FRd FEdEe] dEEdd 0oz ¥, Alo] olFe] EAZHE wEth <ad 4b)>¢t
Axde] olgstAl 4 Zolth SC= OLTCS €e Al
zgle) Ae W FE 2k Aee & 5 vk v,
= A% Ane ddld Fagdd eTEE i b
Aol AW AT AN Boler FEAe ) e
FhFel Frksta, o= AR A 5HS Ak Vi
A g 7] wiel 2250l Srkeke FEadE
o FAFNE BAS AEE Axdel Age & 5.5 o X
A" 5 ek webd, SSE Aela] 9% muEY sontel qu - emtiel -, conrel
S FEAEHQ ) VEeR —5}915}
VMIN
flolAl A gsel, OLTCE V29 #she RUHHY / /
Coordinated oLTC Coordinated
3th7t threshold #& W& 45 57(1’3 3kal, S.S& control control control
1A5elA FY5HE QFE RYE R 3thrt thershold
#e de A% 54e AU old g gzl _
BHe <19 353 2o <18 oA hed £ e 3> A Aol g
V & B
1 Vi SCron" _@="" .
- ]
I\
V. - i !
0 )
Vﬂh‘!
i Over compensated system Over compensated system
1 : I |
Qi (2 P i {5 Onin* 40,00 O O+ A0 0 (=] "
(a) Taps Als 25 (b) S.SE Al A9
< 4> HEgE A2goA Aol A

- 122 -



p control

%

V] Vl
Vs Vi
—_____‘“--. k| "B__
el .
W w Ve
—n . -
& \&EH
HS conffol
, rD i
0o Qa0 O, Oty P O,

(a) S.CE Aot H<%
<218 5> Normal Al o] Az}

ol SC7t s&std S Ao
7] widol] bd Ao Eof
314 taps AlolsfoF gt

<39 3>9] 4432 o7 YA Qlo] F7tshal
V27t 7HAaske A$-2 normal systemeo] o]9f 72
B4 Ze

e

o

] A
o s 9 3 ARl T

simulink® ©]&3}4

(b) tap=S A o] 3

Al Hydroqubec Al~8lS tio = 4=3)3}
Qa, R E& Hypersim¥ matlabol A A &3t

. AAAQ R+ Hypersimoll

<¥ S(b)>ellAet 2ol taps Alolde A¢E & A 85, simulinks E2A0] dudEe HAE
Aol dead-bandgellM Hlojuh= @3S US 7F 7] a4 o] gatt}h. Hydroqubec A=l E-Zo
E3p1717] witel S.SE Alofsh= sfof . FEEA7IZE Ay E o] i FEe] Fab I s o]
PRZIAR <™ 3>9) 2/4%, 347l Wl 9= BEAS 2] Wi We% A $H wE
Agetd, A= Fd2Ao WH daks <ad9 63 2 A E FAE k3 vk
o] A47+e 4= gir}
V2
2.3 Abnormal coordination 12| &
as oLTC i
Control control Control
9 21 oA ASHHE Adshs dudEs A8 Vo
st AlE©] emergency “JElA] Normal coordination
duYFS AEstd el AT 4 ok w $.s no s.5
Al ole} 22 Agell= Fapabdolu) tap blocking, control q cen|iel G 0N g,
tap reversing@ #o] EW3 Ao F2E 3
Hrk 2 =dodlAe AARE AR AFR Z-indexE Vo
ol u} Z-index= 09141 14}o]9] gh& 2t 19 . el 2
TV E B TR <ad >3 2o
7~ 1ndex7} A4 Ft ool W AEo] emergency
dEeta gt RAAAl H Ao E ALkt <9 6> ALY dxAY dugE

3th <19 7>o A threshold value: »F¥S& a3
Z-index #rolgtar & 4 <tk

- 123 -



Z\ndex 4

1.0

apnormal condition
Threshold
walue

normal condition

. >
Stress

<% 7 > Z-indexoll W A% ] S5

Pal7h d49 WHdAd Z-indexE A4 OLTCS
S.Co gxAe71E AASALE simulink® &€
HxAo] dugEe <19 3 72}

Normal “ejellA &aelF HE5s fe v 2

o AEes Aess

o 530l F3FEde] 400MW, 400MVar 57F
« 15620l 600MVar 57} &7}

AlEdeld A
A9 agEs

tap signal, AY o} ZYPZE= Q flowS eI
1S bxo| F3s P

23k,

3]5o] 7Hsstr

2
i
=2,
g
(o)
o Of
=)

o o] OLTCRIe® A
S.C7F F9fol HkaL o]
A Akl BEEe @8-S

abnormal el A AuelE BEE A e

=
2o Auees Agasit

o 15%0] o AY MH=ZAa (MTL25-QUE25)
ol tlgt Z-indexo] W3} L AEHA A=
<a9 10>, <29 11>9F £k

<% 8> Normal A8 gxAo] dugl&F

ol

of Ft}. <19

]

o AL | - Man
Ana VAR~ N n MAAAAAARaAARmmn—]
I WS/ h-‘.‘ iyt WA g VY A
e Ty
M [
Tap signal & *

<% 9> normal AE] FxA o A3}

<2 10>oA] 156%0] Ao g2 Z-index’} 1
EUsta, o] A9 abnomal GXA|AE 433
11> 9 2832 normal A
gt Anfolx, ofyf aHEZE

=
)
EIETA =

—— Ll |

<719 10> Z-index 2%}

- 124 -



Tap aciiong at fauli

=TT

" L‘u,w,___‘ ‘."ﬁ M%\I it |¢\ LJlillﬁi:!V

fault

fault clear

Tap blocking at fault

<219 11> abnormal A& gZzAo] A3}

abnormal PxAo] LduajES #-&3 Aot}
<29 11>94 Hi= 8kl 7o] abnormal “gEl ol A
normal FxAo] daelHs AL AlEol %
(202)& 1 & 4 ok skA%t abnormal® 148}
o] ZS}o] ““’V]‘:}F— S Y taps FHA7IA &

I blockshs A9 Alge] EHA FEe Rl 5
Atk
4. 4 B

B o= ME g Wi Aldets ARiS
ol & ABe] AgeHEE Hasts] gstel

Elo| A Mo §8&242 At AojE $138 OLTCS}
S.S9 FzAo %L_TLE]%% Aot} 93 AL, bnormal A}
1_

EEREEEESE
=] 93 tape b
e A,

lock0}7ﬁﬂr reverseO}—c 11]01 E.LE]
olof th3t AldlAT= Hydroqubec
Al z=glol Azt Jdee] wE %o Z3E Hypersim3}
simulinkE o]-&3to] st WdAEste] ¢
g Eol7] falAE 9 OLTC, S.S HwRE ofye}
Aad A= FdS 93l /‘4x]H FACTS %
shatg Al .gte] FHEAlOlE dee dagF
gk A7 dgseh

é-{mrﬂl-

“FACTS:Flexible AC
EPRI conference on

[1] Hingorani, N. G,
Transmission Systems”
Flexible AC Transmission system, Cincinnati,
OH, Nov, 1990

[2] P. Kundur, “Power System Stability and
Control”, New York: McGraw-Hill, 1994

[3] C. Taylor, “Power System Voltage Stability”.
New York: McGraw-Hill, 1994.

[4] Fae, “AAIESA 52 2 A dags A

ul

S5 ST AZES 0] ZY U, AP ER
3] =, AT, Allg, 2012,
[6] 71, FdH, “LERAE o8& ZEAX 7]

W AAAE P, dRAAANEE =8, A

Z A # (Sang-Gyun Kang)

- 125 -



