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Analysis of Effect of HVDC Transmission System on the Transient Stability

Ao

(Hyeok-Mo Jeon - Yeong-Han Chun)

Abstract - The characteristics of Korean power systems are large capacity of generation sites and concentrated load in Seoul
metropolitan area. According to the national generation facility plan, more generation facilities are needed to be constructed as
the electrical demands are forecasted to increase. Moreover, the size of generation sites are expected to increase, too.
Therefore transient stability problems become worse and worse. Recently, the necessity of HVDC has been raised to overcome
the difficulty of constructing HVAC transmission lines. This paper shows the analysis of transient stability when HVDC
transmission system is added to the power system consisting of large generation sites.
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Table 1 The prospects about Korean power generation

configuration
TE | 9AE | foE [ FUEH ING | AR | g (Al FJg | A
"7 | 23116 | 23409 | 1,125 | 23574 | 4,890 | 4,700 | 5142 | 4406 | 90,362
Y | 256 | 259 | 12 | 261 | 54 | 52 | 57 | 49 | 100

2013

w= | 23116 | 23409 | 1,125 | 23574 | 4,780 | 4,700 | 1595 | 3,306 | 85,605
7%= | 270 | 213 | 13 | 215 | 56 | 55 | 19 | 39 | 100
B | 35916 | 44,669 | 725 | 31,794 | 1,249 | 4,700 | 32,014 | 7434 |158501
g | 227 | 282 | 05 | 201 | 08 | 30 | 202 | 47 | 100
m= | 3591644669 | 7,25 | 31,794 | 1,139 | 4,700 | 5837 | 6,071 |130,851
710k | 274 | 341 | 06 | 243 | 09 | 36 | 45 | 46 | 100

2027

E 2 6x FEAEY =d dA7E AE (MW, %]
Table 2 The prospects about metropolitan area power
generation configuration
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Table 4 Configuration of large generation sites

T = U8 [MW] Hl 5L
AR HRTIK] 6,000 (671) N =
512 QA 3200 (47)) -
AR WA 11,200 (871) !
sl TR 6,000 (671)

g A 26,400 [MW]

2.2 g SRR Ado) e SALAZ AAESH KAl
7129 iy UAEX oA Het SAXZ Mg #E5H]
3 765kV AZ 1717 88HAEE QRIS ok thy ERTK]
7F F71E A" wet ME 88427 "QSIth wekA
2 =Foixe A SAUR #1€ dASH] fletol s
A 82719 765kV AZ 23|14 HAE R #25 HAG
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o] A= ol & 59 HAA FHEAH] F7IEN QA0
AR dETR|9] Aggo] 5600MWE 3,000MWE X351

mj2o] 765kV AZE AESHACE
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T8 FOEL | ROEH LNG | AR | g5 |4 | Ft ga A 5 5 uEA BodH T 7%
Ei 3340 | - | 13565] 1400 | 400 | 857 | 2711 | 14919 | 37,192 Table 5 The standards for facility connecting power plants
8 [ 90 | - [ 365 38 | 11| 23 | 73 | 401 | 100
20 w3 | 3340 | - [13565| 1400 | 400 | 195 | 2157 | 14919 | 35976 SHEH V) H58Y lelEE
7% | 93 - 377 | 39 | 11 | 05 | 60 | 415 | 100 765kV T/L | 3.000 MW i} OrtE d88S0| %198}1
m7 | 6820 | - 19449 - | 400 | 2837 | 4519 | 20948 | 54973 ' 345kV T/LELCH REst 4%
oot 8 | 124 - 354 - 07 | 52 | 82 | 381 | 100 500 MW =3 154kV T/LE RAEEEO)
wz | 6820 | - [19449] - | 400 | 338 | 3671 | 2094851626 345kV T/L = 2ol s g5 /e
7101% | 132 - 37.7 - 0.8 0.7 7.1 40.6 100 37000 MW 016]' _/I:g]]_ 01]/57'%] 75]9,3-
71d AE7 dreAdd] |
B 30gee WY 154kV T/L | 500 MW O]&} [qY =8 7= AF
Table 3 The prospects about electrical demands FEE FANE = Qe S
A= S
A= Ao e R =
A= @iﬁlg MW) @23:1% (MW) Sig ;ﬁlf 2 =89 5FQ HVDC/F =g wel AC AS9 TEer
A EA sA8A| " Aol nxs gake BAG] 95, AC SRAR ®wulo] of
2013 | 485428 | 78998 | 80.374 | 173025 | 30377 | 31808 3956 Ugl HVDCE ®gst AURoE 7H3I90). E35) 765k A2
2027 | 771,007 | 126740 | 121,684 | 244984 | 41736 | 4339 357 ol Tt ABE 2240 WoEo] mel s MRS HVDCE
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Fig. 1 Power system of scenario 1
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Fig. 2 Power system of scenario 2
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Table 6 Power flow of 765kV lines in scenario 1
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Fig. 4 Simulation sequence for transient stability analysis
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Fig. 5 Phase angle of generators in a situation in which
busl-bus2 765kV double circuit lines tripped.
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Fig. 6 Phase angle of generators in a situation in which
bus2-bus3 765kV double circuit lines tripped.
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Fig. 7 Phase angle of generators in a situation in which
bus3-busb 765kV double circuit lines tripped.
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Fig. 8 Phase angle of generators in a situation in which
bus2-bus4 765kV double circuit lines tripped.
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Fig. 9 Phase angle of generators in a situation in which
bus2-busb 765kV double circuit lines tripped.
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Fig. 10 Phase angle of generators in a situation in which

bus6-bus? 765kV double circuit lines tripped.
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Fig. 11 Phase angle of generators in a situation in which
bus6-bus7 765kV double circuit lines tripped.(after
tripping 1 generator)
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Fig. 12 Phase angle of generators in a situation in which
busl-bus2 765kV double circuit lines tripped.
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Fig. 13 Phase angle of generators in a situation in which
bus2-bus3 765kV double circuit lines tripped.

HVDC & 2ol e etx|ol ntzetd ol o|x& & 24

Trans. KIEE. Vol. 65, No. 1, JAN, 2016

o
=

t7t

1SER s Altele 20 2 Ao 84 B
B 1)
1

A
Msto] 765kV AR 2814 T HVDC AZ7 EE3ls
AR e £ W&7] AME LERATE AlLE]R
o =LA HA6-RAT 765kV AR 28]410] Egtel=
£ AQstals 765kV A2 2514 B HVDC A27} ggstol
27 g2 glol Algo] orgslitE e & 4 Utk o= 3
g AC A2 2 HVDC A2 g Al THE HAEE 3] SHo

:: /A
N AT

Lo —
VY — &

:
1 2 3 4 5 6 7 8 9
Time (sec)

o8

oh
9]
8

40 Y o

Angle (degree)

30

8 14 BA3-12X414 765kV 2841 EEt Al BHEY] QA
Fig. 14 Phase angle of generators in a situation in which
bus3-bus4 765kV double circuit lines tripped.
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Fig. 15 Phase angle of generators in a situation in which
bus4-busb HVDC tripped.
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Fig. 16 Phase angle of generators in a situation in which
bus6-bus? 765kV double circuit lines tripped.
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Fig. 17 Phase angle of generators in a situation in which
bus6-bus? 765kV double circuit lines tripped.(after
tripping 1 generator)
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Fig. 18 Phase angle of generators in a situation in which
busl-bus2 765kV double circuit lines tripped.
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Fig. 19 Phase angle of generators in a situation in which
bus2-bus3 765kV double circuit lines tripped.
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Fig. 20 Phase angle of generators in a situation in which
bus3-busb 765kV double circuit lines tripped.
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Fig. 21 Phase angle of generators in a situation in which
bus4-busb HVDC tripped.
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Fig. 22 Phase angle of generators in a situation in which
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Fig. 23 Phase angle of generators in a situation in which
busl-bus2 765kV double circuit lines tripped.(after
tripping 3 generators)
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Fig. 24 Phase angle of generators in a situation in which
bus2-bus3 765kV double circuit lines tripped.(after
tripping 1 generator)
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FE, 2%EE HVDCE Hixldl= dotolch

AR 19 AL, BA6-RAT 765kV AE 234 Bt A
AR Y] 171(1,400MW) 7 BERIE o AlSo] oPdshe 9l
Ch AlUEIQ 29 2, AlUZlR 11 SYUSHA BA6-TAT7
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Ch= Ag 9n|sitt.

= AC A2V} 828 0, HVDC 1 RER ¢ASH A=
L2 AC AZE FEo| 23] £/5h= 0] 7HssAldl HVDC
2 RE 7St Zoll= o]R9 23|27t SREX] @op Wt
He SHOA e BOk57| o] HVDC 2 RE HAe Hig
AISIAl Er} 22807 HVDC AZE AC AR Aldl Al &%
ol thAl RE ogg otAl Eoly] miEo] HEHATX| 9 ZR7RE
REal7] 9t B0z Adstlole AC AR HisiA B
EHo| QLOHEZ HVDC FEg AFsl| Floide AE 4
T7F HQSHe AS & 4 QUuh E=8h AC HAoA] 34t
AbaZF dHsH Aol HVDCOl bRl Ykl tiside & o
AT Ze o3 BQsto] o] RES A3E ALE olFolrt.
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