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Table 1 Index sets of all candidate
restoration schemes
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Table 2 Parameters of single-unit black-start

scheme based on entropy weight theory
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Table 3 Parameters of multi-unit black-start scheme
based on entropy weight theory
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Table 4 Parameters of generator sets

e AWERECR/ B R

HOOR/MW (MWD RE /MW
30 50.00 108 BT 0
31 1145.55 186 1 66
32 150.00 144 5 45
33 150.00 144 iy 0
34 660.00 132 3 24
35 750.00 150 5 45
36 660.00 132 7 40
37 640.00 138 3 38
38 930.00 156 7 56
39 1100.00 168 9 64
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Table 6 Candidate single-unit black-start
restoration schemes

i sz Aoyl gt 5

TR HLdl Bl IR /MW O /% REE WEER
1 30 32 50 90.0  0.7888 0.4565
2 30 34 50 480 09719 0.5672
3 30 35 50 90.0 08131 04812
4 30 36 50 80.0  0.9745 0.5670
5 30 37 50 76.0 04535  0.3630
6 33 31 150 440 04884 0.4036
7 33 32 150 300  0.7886  0.4565
8 33 34 150 160 05024 0.4064
9 33 35 150 300  0.5315 03163
10 33 36 150 267  0.6929 0.4359
11 33 37 150 253 0.8291 04817
12 33 38 150 373 0.6629 0.3917
13 33 39 150 427  0.6458 0.4228

S AR AL, B A AR 2R A T %,

E 41 B Bt 22 19 B An HLAL 15 209K & 14 s )
RIg & F F BB E IR, S mrb B
WA T G B R RAE S kAR RAE
T2 W U7 PR R O R GRS AT
B, MR ERE ML 30.31.32.33.35 Fl 37, FF
PWE NN 34 36,38 F139, HFZ AL &K
SIa AT, TR S8 A R A b B b Rl LUK B A
PRI AL . X BB IS () & rRHLAL RN ) REUIRAS
R AR T ARG T % R T Al T A
FH 38 b 0 2E A5 21 1 LR ek il 52 T
CIRCY- IR/ K Ry 2GRS N = TN O R |
[0.3139,0.3105,0.1297,0.1555,0.0905]", f&ix %
FR 2 A6 AR W T B AL E 475 [0.200,0.300,0.100,
0.150,0.250]", #R45=X (5) P AR 7E R W T 25 A AU &R
$0°410.2922,0.4336,0.0604,0.1085,0.1053 1", f#
TE Y BB S A T N SR 8 BTN

EExt R 8 At i ik ik 2 & R A (10) —

x5 BHIMERR

Table 5 Single-unit black-start restoration schemes

e flbls e fbpdld e AR ey R,/ @Eﬁﬁ% HLALAR A ﬁiig%%&ﬁ i
Ml Hld R /MW R /MW (MW-h) AR /MW (TF 440 /%
1 30 32 50 750.00 144 45 5 7 90.0
2 30 34 50 660.00 132 24 3 8 48.0
3 30 35 50 750.00 150 45 5 8 90.0
4 30 36 50 660.00 132 40 7 8 80.0
5 30 37 50 640.00 138 38 3 3 76.0
6 33 31 150 1145.55 186 66 1 8 44.0
7 33 32 150 750.00 144 45 5 7 30.0
8 33 34 150 660.00 132 24 3 3 16.0
9 33 35 150 750.00 150 45 5 5 30.0
10 33 36 150 660.00 132 40 7 5 26.7
11 33 37 150 640.00 138 38 3 7 25.3
12 33 38 150 930.00 156 56 7 7 37.3
13 33 39 150 1100.00 168 64 9 8 427
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Table 7 Single-unit black-start schemes after statuses updated

a Bm o mw DUWRLAL AR MR/ AL WHPTE JTRRARE

B L RIROMW BN/ MW W) RE BR/MW R
1 30 34 50.00 660.00 132 3 24 8 48.000
2 30 36 50.00 660.00 132 7 40 8 80.000
3 31 34 1145.55 660.00 132 3 24 9 2.095
4 31 36 1145.55 640.00 132 7 40 9 3.492
5 31 38 1145.55 930.00 156 7 56 9 4.888
6 31 39 1145.55 1100.00 168 9 64 5 5.587
7 32 34 150.00 1145.55 132 3 24 8 16.000
8 32 36 150.00 750.00 132 7 40 8 26.667
9 32 38 150.00 660.00 156 7 56 10 37.333
10 32 39 150.00 750.00 168 9 64 7 42.667
11 33 34 150.00 660.00 132 3 24 3 16.000
12 33 36 150.00 640.00 132 7 40 5 26.667
13 33 38 150.00 930.00 156 7 56 7 37.333
14 33 39 150.00 1100.00 168 9 64 8 42.667
15 35 34 750.00 660.00 132 3 24 6 3.200
16 35 36 750.00 640.00 132 7 40 3 5.333
17 35 38 750.00 930.00 156 7 56 8 7.467
18 35 39 750.00 1100.00 168 9 64 9 8.533
19 37 34 640.00 660.00 132 3 24 8 3.750
20 37 36 640.00 640.00 132 7 40 8 6.250
21 37 38 640.00 930.00 156 7 56 4 8.750
22 37 39 640.00 1100.00 168 9 64 4 10.000
8 REEHEMLNMERBHE 4 B

Table 8 Single-unit black-start schemes after

statuses updated

g sz gLl it

VES Bl BLal hE MW AL /% D i
1 30 34 50.00 48.000 09501 0.5317
2 30 36 50.00 80.000 0.9578 0.5304
3 31 34 1145.55 2.095 0.9554  0.5340
4 31 36 1145.55 3.492 0.9630 0.5327
5 31 38 1145.55 4.888 03861 0.2230
6 31 39 1145.55 5.587 0.0498 0.1126
7 32 34 150.00 16.000 09501 0.5317
8 32 36 150.00 26.667 0.9578 0.5304
9 32 38 150.00 37.333 0.3914  0.2295
10 32 39 150.00 42.667 0.0604 0.1241
11 33 34 150.00 16.000 0.9237 0.5263
12 33 36 150.00 26.667 09419  0.5259
13 33 38 150.00 37.333 03756  0.2126
14 33 39 150.00 42.667 0.0657 0.1321
15 35 34 750.00 3.200 0.9396  0.5282
16 35 36 750.00 5.333 09313 0.5250
17 35 38 750.00 7.467 0.3808 0.2173
18 35 39 750.00 8.533 0.0710  0.1412
19 37 34 640.00 3.750 09501 0.5317
20 37 36 640.00 6.250 0.9578 0.5304
21 37 38 640.00 8.750 0.3597 0.2045
22 37 39 640.00 10.000 0.0446  0.1096
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Power source with low-voltage ride-through capability for auxiliary equipment
inverter of thermal power plant
WANG Xiaoyu',ZHANG Tao®,LIU Shu®,CAO Fengmei?, LIU Zhichao®, YANG Qixun'?
(1. State Key Lab of New Energy Power System,North China Electric Power University, Beijing 102206, China;
2. Beijing Sifang Automation Co.,Ltd.,Beijing 100085, China)

Abstract: Since the low-voltage protection of auxiliary equipment inverter may trip the equipment due to
bus voltage sag,leading to the unscheduled unit shutdown of thermal power plant,a power source with
low-voltage ride-through capability based on the power electronic devices is designed for the passive
inverter. Its main circuit consists of an AC-DC converter based on the triple parallel interleaving Boost
circuit with reduced inductor current and capacitor voltage ripple,a three-phase AC bypass channel with
high reliability and a single-phase AC power source for control. A method of fast grid-voltage-sag
detection and multiple operating modes are proposed according to its topology. A strategy of single-neuron
adaptive Pl control with the square output error as its performance index is adopted to facilitate the
control parameter setting and site commissioning. The results of electromagnetic transient simulation, field
test and actual application show that,the designed device has better dynamic and static output
characteristics and effective low-voltage ride-through capability.
Key words: thermal power plant; electric inverters; low-voltage ride-through; electric power supplies to

apparatus; grid voltage sag; single-neuron Pl; neural networks
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Dynamic strategy based on entropy weight theory
for parallel restoration of generators
LIANG Bomiao!,LIN Zhenzhi!, WEN Fushuan!, YE Lin’
(1. College of Electrical Engineering,Zhejiang University ,Hangzhou 310027, China;
2. State Grid Zhejiang Electric Power Corporation, Hangzhou 310007, China)

Abstract: The parallel restoration can accelerate the restoration from serious blackout and reduce the
outage loss and social impact. The researches of parallel restoration are normally focused on the
sectionalizing strategies and restoration scheme evaluation while the study of dynamic parallel restoration
strategy at a global level is not found. The optimal restoration strategy is developed with the consideration
of whole generator sets. The output power of restored units,the input power needed for restoring the
candidate unit and its contribution to the global system restoration are analyzed first according to the status
information of generators for each restoration scheme. A mixed integer linear programming model is then
built based on the entropy weight theory for the dynamic optimization and decision-making of parallel
generators restoration and the optimal combination of restoration schemes without conflicts is obtained. The
proposed model fully considers the status information of every generator and appropriately coordinates the
power demands among generators. The feasibility and effectiveness of the proposed method is verified by
New England 10-unit 39-bus power system.

Key words: electric power systems; restoration; parallel restoration; dynamic strategy; entropy weight

theory; MILP; outages
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