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Abstract — This paper deals with the concept design of HVDC system for controlling AC network reactive power.
HVDC system can control active power and reactive power and the control concept of reactive power is similar to
SVC(Static Var Compensator). Reactive power is controlled by adjusting firing angle of HVDC system under the
condition that AC filters are switched. Reactive power depends on AC voltage condition, considering the steady-state and
transient state to maintain the stable operation of AC network in the viewpoint of voltage stability. Therefore, in the
design stage of HVDC, the reactive power required in the AC network must be considered. For the calculation of
operation angle in HVDC system, the expected reactive power demand and supply status is examined at each AC system
bus. The required reactive power affects the determination of the operation angle of HVDC. That is, the range of
"control deadband” of operation angle should have the capability supplying the required reactive power. Finally, the
reactive power control concepts is applied to 1GW BTB Pyeongtaek-Dangjin HVDC system.
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Fig. 1 HVDC inverter circuit diagram
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Table 1 Credible fault scenario for QV analysis in 2017
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o] & Aoz FIHEE Cases Al Fqew #F 13 2o
x 2 20174 60% Al&el 2 2MH 10pulfz MY RXE flst 26
Table 2 Reactive power for maintaining 1.0[p.u] voltage of 60% AC network in 2017

24 At 1.0[pul A4S 3 Fadg
H| 1
Case HVDC (MVAR)
SAZxA 3100 3500 4401 4450
(A A E4#2) (A191413) (3}439) (3 8TP3)
55 -1328.87 -787.42 -783.96 -587.99
Base ol -717.02 -252.14 -115.24 61.19 -
DCaH] 2 611.85 535.28 668.72 649.18
EE -1243.81 -734.92 -730.68 -551.42
Contingency 1 il -644.58 -238.23 -73.57 98.48 765kV 134 Al
DC24H] 2 599:23 496.69 657.11 649.9
2= -1242.30 -733.78 -729.94 -549.45
Contingency 2 il -639.82 -240.77 -73.26 100.70 765kV 1314 ARaL
DCAH] = 602.48 493.01 656.68 650.15
55 -1195.46 -710.19 -704.92 -532.40
Contingency 3 ol -602.36 -223.49 -54.67 114.12 765kV 13| 4 AbaL
DCaH] 2 593.1 486.7 650.25 646.52
55 -1252.87 -738.60 =734.77 -552.92
Contingency 4 il -649.89 -241.89 =75.71 97.37 765kV 13|41 AbaL
DCaH] 2 602.98 496.71 659.06 650.29
EE -1165.09 -726.36 -715.09 -556.83
Contingency 5 il -629.06 -243.71 -113.02 45.66 345kV 234 AlaL
DC2H] 2 536.03 482.65 602.07 602.49
2= -1313.68 -774.35 =770.07 -582.84
Contingency 6 il -707.33 -246.52 -102.89 66.04 345kV 234 AlaL
DCAH] = 606.35 527.83 667.18 648.88
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(b) 3500(1 FH4F3) =

|

(c) 4401(}d38) 24 (d) 4450(38 &' TP3) R4
a3 12 60% FstolM HVDC 28A 2 249 Q-V 34
Fig. 12 Q-V curve of each bus on 60% load when HVDC blocking

L

(a) 3100(A A &#2) 2 (b) 3500(A1 QFHAF3) B

o mE

L

3
=

(c) 4401(8}d3S) 2 (d) 4450(38 &' TP3) R4
a3 13 60% FstolM HVDC 28 Al 2 249l Q-V 34
Fig. 13 Q-V curve of each bus on 60% load when HVDC operating

% 29 AYEHEH g5 2ES §52 5 Aok = 114.12(Contingency 3) - 61.19(Base) = 52.93 [MVAR]
O 1GW+ BTBY] I E @ Qlte] 4450(F & TP3) =4 wabd 20179 A= 60% Halel s HVDC <A A ol
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x 3 20174 100% A&el 2t 249 10p.u] M FAE T T2

Table 3 Reactive power for maintaining 1.0[p.u] voltage of 100% AC network in 2017

2 A 1.0lpul FAE A FEHE i
Case HVDC (MVAR)
SAxA 3100 3500 4401 4450
(A A E4#2) (A A (3}443S) (33 9TP3)
E= -730.34 -595.85 -652.12 -558.15
Base ol -324.08 -151.11 -76.07 35.88 -
DC2H] = 406.26 444,74 576.05 594.03
EE -573.01 -504.15 -561.73 -493.74
Contingency 1 il -172.58 -67.55 6.34 93.76 765kV 13]4 AbaL
DCaH] 2 400.43 436.6 568.07 587.5
=5 -563.74 -501.81 -560.60 -493.10
Contingency 2 il -163.09 -61.47 11.11 96.91 765kV 134 AlaL
DCaH] 2 400.65 440.34 571.71 590.01
EE -418.33 -409.03 -466.02 -425.42
Contingency 3 el -31.19 21.33 95.34 157.34 765kV 134 A
DC4H] = 387.14 430.36 561.36 582.76
E= -596.37 -520.92 -578.94 -506.31
Contingency 4 il -194.90 -79.55 -6.71 84.28 765kV 13|41 AbaL
DC2H] = 401.47 441.37 572.23 590.59
= -223.35 -270.88 -326.69 -326.95
Contingency 5 Sl -0.18 42.63 91.41 142.55 345kV 23] A AbaL
DCaH] 2 223.17 313.51 418.1 469.5
=28 -723.09 -591.25 -647.89 -554.72
Contingency 6 il -318.73 -147.70 -72.55 38.47 345kV 23] ARal
DCaH] 2 404.36 443.55 575.34 593.19

x

(a) 3100(X A &#2) %

e mE

|

(b) 3500(A1¢H4F3) &

3
=

(c) 4401(8}d38) 2 (d) 4450(38 &' TP3) R4
33 14 100% F5tolAM HYDC ESA| 2 ZMo| Q-V M
Fig. 14 Q-V curve of each bus on 100% load when HVDC blocking
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(a) 3100(X 4] &#2) 5

2

=
(c) 4401(3}435)

d% 15 100% FstolM HVDC 2™ Al 2t 2Mef Q-V 34
Fig. 15 Q-V curve of each bus on 100% load when HVDC

650.29[MVAR]®] AC Filter®] &%c] &8 3, 7t 4
Abaalel e 1.0pulz fA8t7] A 2

2017 A&l 100% F-3fell A
2 frAsy] 9l dad FadE
3ol EAISFA v, HVDCO &%
Q-V =4 A3#E I 149 19 1590 E A8
F 3¢9 ZdiziRE usd 22

O 1GW+w BTBE I E T Q1<+9] 4450(H & TP3) XA
e HVDC 24A A Fad9 &nF7kF @ 593.19 [MVAR]
o FAALA] 1.0[pulE X387 &) 2ad FadE
= 157.34(Contingency 3) - 35.83(Base) = 121.45 [MVAR]

mreba] 20179 AlEL] 100% F-shell A= HVDC 27 Ao
T HVDC <4we] e 10pulz= FH37 18k
593.19IMVAR]®] AC Filtere] &&o] HQa 3ta, 7+ JAHAL
aAel s 10puwlz FA7] 98 o Fades
HVDCS] 37 Alojel 93l 12145 [MVARIE A&l &

T 5 Qelok @k,
3.1.3 2017 ASol sl WL HVDCS FEHH

2017 Aol 60% HFstllAd Bad AC dE &%
650.29[MVAR]el 32, 100%°4 F3lellA Has AC ZE

(b) 3500(A1 QFHAE3) B

(d) 4450(34 &1 TP3) =4

operating

&2 593.19IMVAR]eltt. wekA 1GW HVDCel 2=
AC 4H &% 650.29[MVAR]Z} =lojoF g},

3 60% Hatel A ARl mAl Ake fFAS] 9
af F7k= 27se FEAYES 5293[MVAR]e] a1, 100%
Fatell A Al Al Aske FAE] Ad FrE L
TFEE Fadgad 12145[MVARIelth. wEkA Ak
Al R AgE A8 fstel IGW HVDCOlA &8
Aol Fal ATl F7tR FEser de FEAHS
12145[MVAR]elH ©] & HVDC &17F AAe] wgs
oJoF 3t}

E 4 20174 H &2l HVDC QHE & 25
Table 4 Reactive power of HVDC inverter in 2017 AC

network
A AY 48 A% 2aw
EA e
T A} LA
HVDC 414 bl HVDC
0y & Aolg &3
AC HE e TEAY FEY
2017 60%
A 650.29 52.93
53
20173 100%
oo 593.19 121.45
-3}
HVDC #3549
P 650.29 121.45
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Table 5 Operation angle for the inverter side
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