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Fig.1 Topology of hybrid cascaded DC system
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Operation characteristic analysis method of Baihetan-Jiangsu
hybrid cascaded UHVDC system

DONG Zhihan', WANG Guoteng',XU Zheng',LI Jianhua®,DING Haoyin®

(1. College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China;

2. State Grid East China Electric Power Control Center,Shanghai 200120, China)
Abstract: The inverter side of Baihetan-Jiangsu hybrid cascaded UHVDC(Ultra High Voltage Direct Current)
system is composed of LCC(Line Commutated Converter) and MMC(Modular Multilevel Converter) in series.
In order to ensure the safe and stable operation of the hybrid cascaded DC system,an operation characteris-
tic analysis method of the hybrid cascaded DC system is proposed from the four aspects of the steady-state
response characteristics of the hybrid cascaded DC system,the voltage stability of commutation bus of inverter-
side LCC,the estimation of MMC temporary overvoltage,and the thermal stability margin calculation of inverter
station outlines. The simulative results show that the proposed method can quickly and accurately analyze
the operation characteristics of the hybrid cascaded DC system and locate the weak links of the system.
According to the analysis results, the steady-state response characteristics of the Baihetan-Jiangsu hybrid
cascaded UHVDC system are poor and the power transmission capacity is reduced under certain operating
conditions. Under AC short circuit faults,the MMC has the problem of temporary overvoltage,which affects
the normal operation of the Baihetan-Jiangsu hybrid cascaded UHVDC system.
Key words: LCC;MMC;hybrid cascaded DC system;response characteristics ;temporary overvoltage
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Table A1 Main parameters of hybrid cascaded DC system
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Table A2  Response characteristics of hybrid cascaded DC system when commutation bus voltage of rectifier-side LCC

decreases
TR MR B HE B LCC #2175 30 AN LCC Fail 7 5% FEiFaEIE1T 85 (g Uder) Hifl LCC F5HEAE B (o, )

YIUEE TE HL I A% ) E T A 2 5.00 kA, 800.00 kV 15< 17.00°

k7% 8% JE /MR f AR SE S CRRAUmZERESD 4.7 kA, 760.29 kV 55 29.90°
& 15% TE S /MR f daE) SE FLL 41 (VDCOL) 439 kA, 701.03kV 5% 4291°
W% 30% S d Ml ) S HLIR I (VDCOL) 3.69 kA, 575.43 kV 55 63.40°
7% 50% A Ml ) S HLIR I (VDCOL) 2.74 kA, 407.95kV 55 86.09°
k% 54% JE S /MR f ) 25 WA RE 0.16 kA, 374.45kV 5% 89.85°

R A3 FT LCC IR B [EBKTEATR A RIXE R A G R 45 1%

Table A3 Response characteristics of hybrid cascaded DC system when commutation bus voltage of inverter-side LCC

decreases
AN LCC Fi BRR L E By LCC il i Wil LCC B RAREEBIT fiicUir)  Pifll LCC FHiEAE B (a, 9)

WILRTE SE F LR ) JE W f 4] 5.00 kA, 800.00 kV 15.005 17°
7% 10% E HL A% ] TE MW F 4] 5.00 kA, 758.19 kV 22,655 17°
7K 20% S HLIR I (VDCOL) SE W F 495 kA, 716.37 kV 2856 17°
% 40% 7E HL A (VDCOL) TE R W A 4 ) 4.47 kA, 631.98 kV 38.945 17°
9% 60% E HL 4% (VDCOL) TE MW F 4l 3.99 kA, 547.59 kV 47.365 17°
7% 80% E Hi4z ) (VDCOL) S R WA 352 kA, 463.20 kV 54.77S 17°

&k A4 bk MMC, IR B R R BT RTR & RIKEIR R G0 Rz 45 1
Table A4 Response characteristics of hybrid cascaded DC system when commutation bus voltage of Shubei Station MMC,

decreases
b MMC #3752 M LCC Fib 5 2 WM LCC #&HI 7K RGAREIELT HiseUse)  MMC—MMC; 5 D i3/ MW
YILGTH SE LA TE MW F 4l 5.00 kA, 800.00 kV 621.7, 621.7, 621.7
PRTE 20% E B AR E MW f 4] 5.00 kA, 797.50 kV 621.7, 621.7, 621.7
7% 40% SE LA TE MW F 4l 5.00 KA, 795.00 kV 621.7, 621.7, 621.7
7% 60% SE LRI (MMC B3 BR 1) SE W7 A P 454 kA, 787.33kV 450.0, 621.7, 621.7
k7% 80% SE HLZE B (MMC HLJBR 1) SE R A 3.94 kA, 778.29 kV 225.0, 621.7, 621.7

R A5 Kk MMC, #5372k B [ BRSE AR & RIX B R Gl R i

Table A5 Response characteristics of hybrid cascaded DC system when commutation bus voltage of Mudu Station MMC,

decreases
K MMC #37i BEER B M LCC #5477 5% WM LCC %I K RGARESIEIT Higobia)  MMC—MMC; 7 D )%/ MW
YR SE HLAE ] TE FMWT F d) 5kA, 800.00 kV 621.70, 621.7, 621.7
PRiE 20% TE FLLAE JE MW F 4 5kA, 789.90 kV 621.70, 621.7, 621.7
BkTE 40% SE HLLRE TE FMWT F dE) 5kA, 779.81 kV 621.70, 621.7, 621.7
k7K 60% SE HLL R TE FMWT F d) 5KkA, 769.69 kV 792.34, 450.0, 621.7
k7% 80% SE HLZE B (MMC HLJBR 1) SE R A 5kA, 759.58 kV 1027.30, 225.0, 621.7

® A6 T LCC HURBLBEREMIFMHER

Table A6 Evaluation results of commutation bus voltage stability of inverter-side LCC

@i sk Up
K2Rl 0.048 4 0.85
HZE g 0.0490 0.85
T E % 0.0532 0.86

e Avse 5 Up O0bR £ {8
R AT FEETANT MMCs &R B EIEE
Table A7 Transient overvoltage peak values of MMCs under different operation conditions

2477750 SE HUEZ ] MMC s i/kv filiSAi/kV RE/%
MMC; 445.2 441.9 7.32
Rl MMC, 4495 446.1 6.91
MMC; 449.0 445.3 7.66
MMC; 483.1 478.8 5.22
H i MMC, 515.8 506.4 8.13
MMC; 515.9 506.4 8.21
MMC; 4835 479.4 4.86
TR e 0 MMC, 515.7 506.7 7.74

MMC; 515.6 506.7 7.69
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Table A8 Thermal stability margin of lines connected to inverter-side LCC under different operation conditions

BT T TN LCC 2k Fatl il /MW WFEHBRIE/ %
i 7284.8 74.44
7345.2 74.65
L& 9698.0 80.80
4785.4 61.09
2402.0 22.48
15 478.0 75.94
8344.2 55.37
H g 9392.2 60.35
9359.2 60.21
5531.0 32.67
7120.4 47.70
LCC-3h1l N-1 38914 430
R0 LCC-3} 1l N--2 9761.4 61.85
LCC-¥ #4F N-1 7074.4 47.36
LCC-¥ #45 N-2 70718 47.34

F A9 FREILAT MMC &AM E
Table A9  Thermal stability margin of lines connected to MMC under different operation conditions

— MIMC i 2 AR/ MW PR %
TR MMC —Fwier  maN1  ERieh HZ N1
MMC, 3155.8 2610.2 79.72 75.48
K Z=mE G MMC, 5220.2 2610.2 87.74 75.48
MMC, 6112.8 3054.8 89.53 79.05
MMC, 5054.8 2540.8 75.35 50.96
e MMC, 5081.6 2540.8 75.48 50.96
MMC, 5947.4 29744 79.05 58.11
MMC, 37228 2540.8 66.53 50.96
T = MMC, 5081.6 2540.8 75.48 50.96
MMC, 5947.4 29744 79.05 58.11

F A0 MEEFEFARILRAT MMC HRIRHE
Table A10 Thermal stability margin of lines connected to MMC after considering
power redistribution under different operation conditions
B35 HZN-2 F MMC %5 Lk MMC %S ToiiE MMC HHZE AR /MW JE & MMC #GaHe 1 /%

e, vivs 2147 -
K i MMC, mg; 2 ggig o0
e, . 51250 e
MMC, m& 052 o789
e MMC, mg; 2 iggé sz
e, e 2
e, o
MMC, MMC; 36515 59.24

MMC, 5670.2
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