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Table 1 Measured auxiliary power data

B BLAAD, Wk, B/ T s

4

LN

MW kV Hz A /MW T3/ Mvar
618.8 27.15 50.034  24.68 2091
651.2 27.13  50.029  26.09 21.98
630.0 27.14 50.029  25.60 21.92
626.5 27.13  50.031 25.79 21.33

612.1 27.13 50.034 24.96 20.95
637.9 27.13 50.028 25.40 21.15
664.7 27.14 50.026 26.00 21.92
688.1 27.13  50.034 24.83 20.59
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Fig.1 Schematic diagram of mid-voltage loads
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Fig.2 Load characteristics of primary fan and blower
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Fig.3 Load characteristics of coal pulverizer
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Fig.4 Load characteristics of circulating water pump
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Fig.5 Relationship between active loads of auxiliary
power and active power output of units
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Fig.6 Relationship between reactive loads of auxiliary
power and active power output of units
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Fig.7 Flowchart of simulative unit leading-phase test
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Table 2 Static stability limits of units

T AYIIE /MW LHTIFE / Mvar cose 6/ (°)

1 500 -320 -0.85 699
2 750 -200 -097  70.0
3 1000 -40 -0.999 70.0

4.1 HEFHENBE
NG IEFARE S5 O L KGR | RS R G0
FALLE H 772k &2 BUHL AL 2E AR i 56 i /) T30 IR 5 4L
2H E AR S R e F L 3R 3 M EEATRT S 500 kV
BEZE 10 kV BRI 6 kV BEZR A0 LT LE
F3 HAMEREL

Table 3 Comparison between voltages before
and after leading-phase operation

PLEHI Bl BEAHAET  BEAR

A Ji/MW ORUE HE /kV B /kV IR / %

iK% 51420 50890 1.0l

500 )
fiE 51421 506.86  1.40
500kV o e 51540 51080  0.88
[5324 fiE 51539 50932  1.16
K4 51250 51010 0.46

1000 .
5B 51251 50826  0.81
00 g 10.69 973 9.60

E  10.84 9.80 10.40
10 kV g 1075 9.99  7.60
g 150 e

£ i B 10.97 10.05  9.20
ke 10.70 1020  5.00
1000 .
HE  10.87 1028  5.90
R 6.48 590  9.67
500 ;

5 5. 6.52 5.89  10.50
6kV 250 frv oy 6.51 6.03  8.00
L i B 6.56 6.04  8.67

iK1 4 2 4.
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fij 5. 6.52 6.17 583
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Table 4 Comparison of simulative results of

leading-phase test among different seasons

En HLAH e REEHE 6kV BFZR 10 kV F:Zk
W WE/Mvar HUE/KV R /KV

0.50 —-268 5.70 9.50
BZE 075 -200 5.75 9.59
1.00 -40 5.81 9.68
0.50 -290 5.70 9.50
£7% 075 -200 5.78 9.63
1.00 -40 5.83 9.71
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Fig.8 Relationship between maximum leading-phase
depth and active power output of units
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Fig.9 Relationship between maximum leading-phase
depth and system voltage

45 HAFRKHBRE

GAFIENAA T N RE )k #BSRE Kk
FRFN T R L | DA ML S A BE 1 S 6] AILZH
1M 0.5Pcx~Pox R GEHLE A 1.02U5~ 1.05Uy XF N
HLLH e KIEARBE N 5 i, 36 6 Wiz b4 U+
ME 255 LA Dy BRI DL A T s 4
/N HLFR G0 R A v ) oA R T2 A7 R AL A
BREW M, 7 A5 5 S br TR 25 LA R,
BLALH /N B R G v R SR | 7 AH R B 27 R A
ROANT HEEE, ARSCH B LR LA
i NIRRT S R RS VI N A S 2 S DA ) G i 1
B o] BEAFAE ) FH R F A AR 1 [

RS ARANAHAMARSEBETHRAHBRE
Table 5 Maximum leading-phase depths for different
unit power outputs and different bus voltages

HLAL fre K AR IE / Mvar

J1/MW 526 524 522 520 518 515 514
1000 -40 -40 -40 -40 -40 -40 -40
800 -168 -168 -168 -168 -168 -168 -168
750  -200 -200 -200 -200 -200 -200 -185
600 -266 -266 -259 -243 -230 -207 -19%4
500 -320 -308 -296 -280 -265 -236 -220

T 2k AU R RELB R A KV,
Fo HBIKEER
Table 6 Results of leading-phase test

By AR || A #EHIR
/MW /Mvar || /MW /Mvar

1000 -40 600 266
800 - 168 500 -310
750 -200
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Coordinated control strategy for interconnected transmission system of
VSC-HVDC and LCC-HVDC
WANG Xi',LI Xingyuan®, WEI Wei',DING Lijie'
(1. Electric Power Research Institute of Sichuan Power Company of State Grid Corporation of China,
Chengdu 610000, China;2. School of Electrical Engineering and Information,Sichuan University,
Chengdu 610065, China)

Abstract: An interconnected power transmission system of VSC-HVDC (Voltage Source Converter based
High Voltage Direct Current) and LCC-HVDC (Line Commutated Converter based High Voltage Direct
Current ) is studied and a coordinated control strategy is proposed for the power supplementary controllers
of LCC-HVDC and VSC-HVDC to deal with the possible power imbalance at the sending end of LCC-
HVDC. Two kinds of DC active power supplementary controller are designed to enhance the balance
capacity of areal active power and a reactive power supplementary controller is designed for VSC-HVDC to
deal with the voltage fluctuation due to the reactive power imbalance of LCC-HVDC converter station during
active power regulation. The simulative results show that the designed power supplementary controllers
coordinate with each other to effectively enhance the power balance ability of whole system,verifying the
validity of the proposed control strategy.
Key words: LCC-HVDC; VSC-HVDC; power balance; supplementary controller; DC power transmission
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Unit leading-phase capability simulation based on modified auxiliary

power model for thermal power plant
TANG Yi',DAI Yuchen',CHEN Bin', WANG Chenggen®
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;

2. Jiangsu Electric Power Research Institute,Nanjing 211103, China)
Abstract: Aiming at the large error and simple test condition of traditional method for determining the unit
leading-phase capability,a method for simulating the unit leading-phase capability of thermal power plant is
proposed based on the static auxiliary power model. A modified static auxiliary power model is put forward,
which applies the method of parameter identification based on the actual operating data of power plant. The
auxiliary power model is built on PSD-BPA software platform to simulate the unit leading-phase depth in
different operational conditions when the voltage limit of auxiliary power or the static stability limit of unit
is reached. The measured data of a 1000 MW unit from June 2013 to June 2015 are applied to calculate
its leading-phase capability. The simulative results are compared with the measured data of its leading-phase
test, verifying the effectiveness and rationality of the proposed method.

Key words: thermal power plant; leading-phase capability; auxiliary power; static load model; simulative test



