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HVDC Application Considering Fault Current
Characteristics

Jung-Soo Park’, Gil-Soo Jang™", Chan-Ki Kim”
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Abstract

One of the most serious problems in KEPCO power system is the load centralization in the capital area. The
load capacity in the capital area is almost 40% of the total load. However, the generation capacity in this area is
just 162 of the total generation. The inequality, between the power demand and supply, in this area needs the
power transmission from other regions. The simplest method to solve the problem is the installation of power
plants or the addition of high—capacity transmission line in the metropolitan area. However, because of the
concentration of human and material resources, there is a difficulty in the installation of the generation and
transformer facility. As a result, instead of the installation of large scale facilities, the approach to maximize the
application of existing facilities is required. In this research, we will develop a scheme with an HVDC installation
for enhancing power transfer capability by utilizing the existing transmission lines.
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Fig 1. 345KV KEPCO Power System in the capital area
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Table 1. Northern Power Flow in 2008 KEPCO System

= 1,208 S A& AHSe A 4 =F FE
From To BasKV 34
1020 A7VR7 5010 REEK 765 «2
4750 A 5700 REEE 345 <2
4100 29143 4800 RERE 345 «2
4010 A1Hg7 6030 A a7 765 x 2
4400 ERE 6950 o}at3 345 «2
4600 A A%3 4850 2 9-oF 345 «2
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L) FAF F7F 0 v F=d Fd A9 (Area No
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Table 2. VSAT Simulation Results in 2008 KEPCO System

E  2.2008= HZE AS olo|e{e| VSAT AlZ&lo|d Z 3}
At Gen At Load Contingency
979759 7249.4 From 1020 27487

(+0.0%) To 5010 A1 e 7
979759 7249.4 From 4010 219k 7
' (+0.0%) To 6030 AT
98165.9 8139.4 From 4400 34443
' (+12.3%) To 6950 opak3
Area 8179.4 From 4750 LA 9k
28205.9
#1 (+12.8%) To 6950 oF413
98480.9 8454.4 From 4600 M3
- (+16.6%) To 4850 A&
28635.9 8609.4 From 4100 A19H4 3
- (+18.8%) To 4800 | AZFA3
8649.4 .
28675.9 Pre-Contingency
(+19.3%)
6520.5 From 1020 7487
27275.9 - -
(+0.0%) To 5010 A7
979759 6520.5 From 4010 217
' (+0.0%) To 6030 AT
98430.9 Area 7675.5 From 4400 s}43 3
” #2 (+17.7%) To 6950 o}Ak3
28655.9 7900.5 From 4750 =AY
o (+21.2%) To 5700 2AA3
8095.5
28850.9 Reached Max Gen
(+24.2%)
97975.9 4050.4 From 1020 NART
' (+0.0%) To 5010 2 g7
97975 0 4050.4 From 4010 AQEA7
2 Area | (+0.0%) To 6030 | AAAET
#3 5480.4 From 4400 3143
928705
287059 (+355%) | To 6950 obak3
5625.4
28850.9 Reached Max Gen
(+38.9%)
6305.6 From 1020 A7H37
27275.9 — -
(+0.0%) To 5010 27
979759 6305.6 From 4010 2197
) Area | (+0.0%) To 6030 A 27
i #4 7540.6 From 4400 51433
28510.9 (+19.6%) To 6950 oFak3
7880.6 .
28850.9 _ Reached Max Gen.
(+25.0%)
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Table 3. 345kV Buses for PV and QV Analysis
2AM S MAISH 345kV 2

kv 3. PVet QV

oA ER] =

, RAle]g ) Ralelg N Aol g
HE Ha Hs
1350 2493 2600 BEE3 4400 43
1400 I3 2700 A3 4500 2193
1500 o] g 83 3400 291713 4600 A A &3
1600 %3 3500 RE] 4650 2193
1700 wF3 3550 A1173 4700 218913
1800 53 3600 AAE3 4750 A
2401 43S 3650 | AAF#2
2500 TAE3 3800 214533

FEqle] HVDCE AAT u $dve g W
A An §FE A 47 A E 1
Fol e sofo} shu] FAwe A W

L GFE A ARt A He m
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2008 YEAR: 100 % LOAD (SSTA4MW) CASE v,
Bus Vortage

bu. Votags

720935

Fig 2. PV Curves of Bus #3800 and Bus

a7 2. 380047 E

3o 18005 F32 PV

#1800

ZAq
i
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2008 YEAR 100 % LOAD (S3744MW) CASE .,
vacure

1567.06]
1387.061
118708

sa7.08]
7706
s7.06]
387,061
167,06

125099
2290

e
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e
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sl -
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Fig 3. QV Curves of Bus #3800 and Bus #1800
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Table 4. Max. Load Increments after HVDC Installation

vay
ar

4. HVDC Mx| = Area #1 ME2T/C2l =t T35t Z7t

Base Max

Max

Base

Z7hil e

(%)

MW

7249.4

8677.5

1428.1

None
MVAR

3486.9

4173.9

687.0

+19.7

Voltage
1

Collapse

MW
CsC

7249.4

8634.0

1384.6

MVAR

3486.9

4153.0

666.1

+19.1

Voltage

Collapse

MW
VSC

7249.4

1575.0

MVAR

3486.9

757.6

+21.7

Reached

Max Gen.

=

A2 = Ao

AC AlZel HVDCE AX oz AE <
38 AT & g A5E Fo WEA
% 8 %(SCR, Shot Circuit Ratio)¢]th.
(SCRIE A%e A ABHoz #a@

oy et

A9t et

PR

o
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3 o R B

B OEAS AF2A AC A% Ax" HVDCY
2k AN dskel AdE AgRe
ESCR(Effective Short Circuit Ratio)7} ¢1t}.
Table 5. Fault Impedances on Bus #1810
= 51810 51 ZMolAel & uHA At
Bus FACTS Fault Impedance
Volt. Options Real Imag.
oltase ptions Mag. Ang.
0.00176 0.01073
Nome | 103043 Block 0.01087 80.68495
U convert 0.00175 0.01072
0.01086 80.72846
0.00191 0.01116
Block
cse | Lozt o¢ 0.01132 80.28810
h : Convert 0.00122 0.01077
0.01084 83.53722
0.00180 0.01080
Block
0.01095 80.53768
o
VSC | Lotras Convert 0.00118 0.01064
0.01071 83.67163
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Table 6. Short Circuit Ratios on Bus #1810
E: 6. 1810 551 ZMollMel TIE 22k A&
Bus FACTS ]
) SCR ESCR
Voltage Options
Block 19.53000
None 1030438 et | 1955065
e Block 18.58428 | 17.98428
csc 1.02571 Convert | 19.41310 | 18.81310
Block 18.91073 | 18.91073
Vse 101748 Convert | 19.34130 | 19.34130
¥ 59 62 2008 d A& AlEF delgelA HVDCY
FAER 1810 FH1 BAHoA g Axks Fe35ko
a4 e sel SCR, ESCRE Al4ksk ZAxjo|t), 1
g % 77 82 HVDCY 719 =g vlwstr] 93ty
AF3 HVDC/F AN 9 ASe) 2ah S7b @A 270

(Area #1 A&T/C F3E 191% F7DHelA ZH7]
tE dEel HVDCZE 24 H0S we] 24 Z23s

W] UERd Aolth E§ FACTS 717159 9
&5 vty 98k 1 dFEs AR A
FACTS$F DC A25& A (Block or Ignore)d 7
L9} oJumElAg W3 (Convert to Admittance
Load)8 + 7}A] Ao dis] 25 Aitsted wlas)
k.

I 67 8ollA AT = U= AHH HVDC/E A
252 e A9 vusRs W ¥F¥E HVDCE
Aee 17 &F& T/AA ¥E e & F 4
ow Ad HVDCE A% nd §£3F& F7HA7]
=988 ¢ F des ¢ F Uk =AY A
& 1 EFoFE FAV Hi A AYGoEnRE o]y
g 1 &% STl vrEAsA AR, oA W
oF WH FHAY AES TN ° 2 1 &
Fol a7t A& 5 Ak
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Table 7. Fault Impedances on Bus #1810 (The Load
Capacity in Area #1 increased up to 19.1%)
ke 7. 1810 551 ZMolAe] I& mEA At

(Area #1 £3t 19.1% 37H

Bus FACTS Fault Impedance

7 . Real Imag.
Voltage Options Moz, g,

Block 0.00206 0.01023
None 0.95031 0.01044 78.61469
0.00207 0.01024
Convert ™5 51045 7857175

0.00233 0.01034
Block 0.01060 77.30116

e B ] 0.00231 0.01035
Convert = 51061 77.26035
Block |3 5iee—t 70 o5

VSC | 099000 |—— 001068 90005
Convert =4 61076 82.04301

Table 8. Short Circuit Ratios on Bus #1810 (The Load
Capacity in Area #1 increased up to 19.1%)

E 8. 1810 51 2MolMel & 82 AL (Area
#1 23t 19.1% 37h)
Bus FACTS
i SCR ESCR
Voltage Options
, Block 17.30827
None 095031 I vert | 17.28875
Block 15.15799 14.55799
ese 0.89628 Convert 15.14091 14.54091
. Block 18.43398 18.43398
Vse 0-99000 Convert 18.21133 18.21133
4. A+¥Y HVDC thol e A EH o)A
9 A2 EE HSE HVDCe AAZ Qlsete
o Ao 4¥ A% o v g2 pe
BEl el Aol Ale 540 MAER dsS & F

ATk o] GdeME FEAL dU4E HVDCe A

oo YettE 3 HEE EAAGHE b E)
giste] £4E Aotk

AEe] He AR AlEHAE fHAE
o2 PSS/E HE  xF HolEl(aw  file)9]
VSC(Voltage Sourced Converter) DC Line Data -
el A Fste 24 delH7F PSS/ES] F3 dlolH
H(dyr file)ol EAoF gttt PSS/E94 st
HVDC &4 ®Rde VSCDCT REdo|t}, 2de
T4 delEe v 22 sgdvEHER 7“*5101
A

=2X|(Journal of IKEEE) Vol. 1

(244)

1. No.4

Table 9. Dynamic Parameters for VSCDCT
= 9. VSCDCT 22 el =& uiz|o|E

‘VSC Name', 'VSCDCT'
Block_F1 N -~
M 1 Blocked Converter (For VSC#1)
ag_
XFBus_C . .
. System Bus Number for Voltage or
M+1 trl_Side_ )
1 Reactive Power Control (For VSC#1)
ICON
s Block_Fl )
M+2 5 Blocked Converter (For VSC#2)
ag_.
XFBus_C N ;
. System Bus Number for Voltage or
M+3 trl_Side_ )
9 Reactive Power Control (For VSC#2)
Time Constant of Active Power
J Tpo_1 . N <
Order Controller (For VSC#1)
1 AC_VC_ Reactive  Power Limit for AC
Limit_1 Voltage Control (For VSC#1)
oo AC_Vectrl AC Voltage Control Proportional
_kp_1 Gain (For VSC#1)
) Time Constant for AC Voltage PI
J+3 Tac_1 o
Integral (For VSC#1)
Jed Tacm._ 1 Time Constant of the AC Voltage
Tranducer (For VSC#1)
J+5 lacmax_1 Current Limit (For VSC#1)
N AC Voltage Control Droop (For
J+6 Droop_1
VSC#1)
. Maximum  VSC  Bridge Internal
J+7 VCMX_1 .
Voltage (For VSC#1)
e PU Reactance of the AC Series
XREACT . .
J+8 1 Reactor on Conveter MVA Rating
CONs B (For VSC#1)
. Maximum System Reactive Limits in
J+9 QMAX_1 N .
MVARs (For VSC#1)
Minimum System Reactive Limits in
J+10 QMIN_1 . .
MVARs (For VSC#1)
Adjustment ~ Parameter  for  the
11 AC_VC_ Feedback from Reactive Power
KT_1 Limiter to AC Voltage Controller
(For VSC#1)
Adjustment  Parameter  for  the
J+12 AC_VC_ Feedback  from  Current  Order
KTP_1 Limiter to AC Voltage Controller
(For VSC#1)
Repeat above 13 parameters, except (For VSC#2)
Time Constant of the Power Order
J+26 Tpo_DCL .
Controller
. Time Constant of the Power Order
I+ 27 Tpo_lim o
Limit Controller

IE AR AlEH A AMSE AlES HVDCZt
AR A e 20083 A AF dolE ALY
HVDC7F x5 2008 31 A AF dwolg el
AR A ALE SH3 345kV BA Y &9 154kV AlEol
A 1865 w3 BAY 1870 AW Eal Alelg
154kV 2314 5 1314 A s A8 AE
ol AL 05%0 o] F A2 F & M= 34 A
AFLE 7HEkal 01% & o] AR5 Efsty 50*77}
A APsidoh. ZUEY #@ A% W4 1800 T3
345kV B9 &9 154kV AlEe] A& 21821 M &

-#4G9t 21822 A&-#5Ge] WA 7|9 A
.

4 §)g7tel
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obdl 19 5N 27 AR NFow o ¥
Mol aHlZE 21821 AM&-#4Ge g ZolH  f
T M9 Y EE 21822 AS-#5Gele #Zolt},
dela zzbe] aYE el obdlEel $1x% e
o] HVDC/F AXEA b 74§59 me)ely
gzo] 91N F aemEe] AW HVDC/H 4A 9
FEEIECEDERIEEEE

A9 Akd HVDCH AAR 2
B2l HVDC7h A%
gt gk A9 HVDCE
A Aol W gme
Ao) ol o] 7] z7ie] Fol7h A%
i glow HVDCS 2ol wds] 57
EED LR

il

Fig 4. Relative Generator Rotor Angle between Bus
#21822 and Bus #21822
a2 4. 21821 M2-#4Get 21822 M2-#5Ge| «H™

7o | MAL 9| A2t Hst

5§53 AT dAE 93 HVDCY AXH

AT NG Tde 4F 2 35 #BAe MHew
st i Fxe 7tsAdel diFHI vk ¢
Ay 53 AE AlFe] AAE A9 2 AA A
= 233 g e Area #1 ALT/C Ao 9
5ol Euh olu] A Bue AHL Tal]
$ste] 1350 Al 23 345kV RA I AZAH  FH9

154kV A S e] 1945 #4F 154kV B A 1390 7143
154kV B 743 154kV A =7 A x5 o] o
e A EE AAY elv] Area #1 A%
T/CE PE AY PE FAR Aske] ¥ Frdow
REo A A%l olegel A ool %e Ao
o ¥ Fetel gAY FHE & Ag 7ol
B4 0% s et Aok ey 9 9 3
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oA A¢tE A HVDC AX &= o #AE a2
gigke] & 4= k.

ol & Fsty] kel 2008 A ATl F714
9l MZol ZF4 glo] 1390 /MA AL Fale] =53
o ARG FFUA AL HFoR FHEHE
A o] mAe] Rz 5rhs) ste] Reow AP
3 4 gl Ao dgEe 2o

Table 10. Max. Load Increment on Bus #1390 after
HVDC Installation

¥ 10. HYDC M = 1390 7HA o

FH
b

o Fst

oM

7t

7k

(%)

Max

Base Max Ha

Base
843.605
408.640
763.595
369.883
883.595
428.012

MW
MVAR
MW
MVAR
MW
MVAR

38.895
18.841
38.895
18.841
38.895
18.841

882.500
427.481
802.490
388.724
922.490
446.853

Voltage
Collapse

+2,169

Voltage
Collapse

+1,963

Reached
Max Gen.

+2,271
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Table 11. Fault Impedance on Bus #1810 (The Load FSnEcy |
Capacity in Area #1 increased up to - N
19.1%) [1] 227, F25, 9AF, F2%, HVDCe dAH Azt
o e o .t olmieia A5 EAY, 2006, 2,
ix = MollMel & uEA .
11. 1810 51 2HolMel 2 = A [2] Kundur, Power System Stability and Control,
A-J' (Al’ea #1 _‘?_sl' 19.1% &7 I') McGraw-Hill. 1993
Fault Impedance [3] PSS/E Operatioin Manual, vol. 2, Siemens,
Bus FACTS o 1
Voltage Options ca mas. Novemver 2005
Mag. Ang.
ek 0.00186 0.01046
0.01062 79.91704 o A XD
None | 0.97082 Convert  |__0:00187 0.01047 AR 2 OH
onver 0.01064 79.87343
0.00204 0.01088
cse | 096104 Block 0.01107 79.38034
' ] 0.00128 0.01042 s A7) A
Convert 4 51050 82.99683 :jEH:_ [
lock 0.00186 0.01058 A (FskAh
VSC | 0.99000 001074 80.02910 glogtal ik 7]
Convert 0.00132 0.01083 A
0.01001 83.05086 =
2004 3€~&A o8t
1l

Table 12. Short Circuit Ratio on Bus #1810 (The
Load Capacity in Area #1 increased up to
19.1%)

= 12. 1810 581 ZHMolAMel 1 2 At
(Area #1 53} 19.1% Z71)
Bus FACTS
K SCR ESCR
Voltage Options
. Block 17.74254
None 0.97082 Convert 17.72319
Block 16.68711 16.08711
CsC 0.96104
Convert 17.59515 16.99515
Block 18.24757 18.24757
VSC RS
c 0.99000 Convert 17.96676 17.96676
a4 B
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<FTAF o> Power System Dynamic Stability,
Flexible AC Transmission System
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<F T EoF> Power System Stability and

Control, Renewable Energy System
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