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Figure 1 The main circuit of the HVDC receiver system with a synchronous condenser
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Figure 2 Detailed simulation model of the inverter side



%5 W

THIZR & T IRETRM PLEY HVDC 32 3% 2 45 V8 AH ALl R 25 ) 5 g 37

® ® Unax
Kn K, f
1+5T, 1+s7,,
U

B3 [EDEE B R AR E

Figure 3 Excitation control block diagram of a synchronous condenser
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Table 1 Simulation parameters of synchronous condenser
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Figure 4 Basic process of grey predictive control
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Figure 5 Block diagram of grey predictive PI control
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Figure 7 Grey predictive PI control simulation model of synchronous condenser
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Figure 8 Waveform of change in four electrical quantities

( single-phase short-circuit fault to ground)

M 15 8(a) 5 & 8(b) wJ N, 7E 2l 25 il 17 34 B J7
T, KA TR PL 45 6 T 19 3R e B H B PT$5 i 42 i
0.05 s IKFNFRAS(E , BRI 4.2 s #i%i 2 3.4 s,
Jre B ) S R . TR R A AR E MR Ty T, SR
FRASTIM P48 il 5 W S, 336 7408 0] ) 2% oL P 3 % W 1L
i 216.5 kV T2 218. 2 kV, B i 2% 2 R A8
851 MW 27+ % 862 MW , A&l T B AL B iy
Ty 2 5 IR, R4 8 O o 7 30 B 3 T o

& 8 (c) AT T, K £ TN P14 il fif 28 B 3 U
oI A WA FRAR T 13 Mvar, 3X FhJC 31 37 3h B4 98/
ELHEH 59 T XHREZ R R P 2l W T R AR
i &1 8 (d) AN, SR K G 150 D0 P42 il 5 W% 114 9] AH
HLBE#E o 72 Ge 42 Ak 5 5 1) TG 1) 1) 2R 34, T ) i o
WA AP A AR PL 1 B AR ALAR T T 29 20 Mvar, 7
R I A I 5 ) L P S Y [T 4kl T el R R P g
il o | A BE LR O TR B
3.1.2 =494 RM %

=R b R B T A DG R AR 10 Bl A )
o Y T HE A 9 TR

HE 9(a) 51& 9(b) w %, 7E = AH $ Hh A B% i
— Ry B RO T, K PT 2 B
L8 R PT ¥ 1 B AR S5 0] S S AR O 5 R e
EEZR L R kP A, R K G 150 P 42 i 1) &
8 305 70 U BE 2 HL TR R VR IR A 206. 5 kV SR R
PT 3546l (1) 2 45 B 26 Ha R B & AR A Dl 202 kV, BT & 4%
JEEWEET 4.5 kV; NEREE RN IIRE, Ak
kTR /MA 652 MW #2712 683 MW 125 T
31 MW, FHIE 9(c) mT AT, SR F K G100 P14 i 3 g



%5 W

THIZR & T IRETRM PLEY HVDC 32 3% 2 45 V8 AH ALl R 25 ) 5 g 39

J& , 28 H. it 2 18] TG B B 2% 3 3 1Y 4 {E AN 145 Mvar [
} 126 Mvar, 38 FLIi 7 4t [ T T 28 4 1 9k /D>, b 25 40
Wil TR R R . I 9 (d) AT LR Y, ik &
A R T, R I €2 T P i) 55 s A 18 AH ML A 08 12
HESE SR Y T S 4, B ) R G s A

240
= L e Z 1000}
B 225 ] <
= # s00|
2101 | i
2ol Pl £ ooop P
Z 15t —RemmPE ool TP
i
180 30 35 40 45 50 55 30 35 40 45 50 55
t/s t/s
(a) A B PRI (b) HiHE%E
200 120
5 . P ] P Pl ]
S 101 —memPEe S sof | —REFMPHH
# 5
= 0 )R 40
@*IOO E

200
30 35 40 45 50 55
t/s

(c) ZETRM T EFL W& HITEL)

30 35 40 45 50 55
(d)i)ﬁ*ﬁ#ﬁsﬁém’iﬁﬂj

B9 4MBSETHRE (ZHEMGRELRE)

Figure 9 Waveform of change in four electrical quantities
( three-phase short-circuit fault to ground)
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Figure 10 Waveform of change in four electrical quantities

(DC short-circuit fault)
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Figure 12 Waveform of change in four electrical quantities

(sudden capacitive reactive load)
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Excitation Control Strategy of Synchronous Condenser Based on
Grey Prediction PI for HVDC Receiving-end System

WANG Mingdong', LI Chongchong', LIANG Jiaojiao®, LI Zhongwen'

(1. School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River Water Re-
sources and Hydropower Development Group Co. , Ltd. , Zhengzhou 450004, China)

Abstract: Aiming at the problem that the conventional PI excitation control was prone to bus voltage overshoot and
oscillation in the fault recovery stage after the large capacity synchronous condenser was connected to the high volt-
age direct current (HVDC) receiving end system, a PI excitation control strategy of synchronous condenser based
on grey prediction model GM(1,1) was proposed in this study. In this strategy the predicted value of voltage devia-
tion was obtained in advance by grey modeling and trend prediction of the receiving bus voltage sequence, and was
used as the input of the PI controller to realize the forward-looking adjustment of the excitation voltage. Based on
the CIGRE standard test system, a PSCAD/EMTDC and MATLAB/Simulink co-simulation platform was construc-
ted. Under various typical disturbance conditions, the dynamic response characteristics of grey prediction PI control
and conventional PI control were compared and analyzed. The simulation results showed that the proposed control
strategy could effectively compensate the large inertia lag of the excitation system, significantly suppress the bus
voltage overshoot and shorten the system adjustment time. With the three-phase short-circuit fault, the minimum
value of bus voltage was increased by about 4. 5 kV, the minimum value of DC transmission power was increased by
about 31 MW, and the system recovery time was significantly shortened. This method had the characteristics of low
computational complexity and strong real-time performance, which could provide an effective technical way for the
optimization of excitation control of synchronous condenser in HVDC receiving-end system.

Keywords: synchronous condenser; high voltage direct current; excitation control; PI; grey prediction





