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Evaluation method of unit frequency regulation ability

based on dynamic energy contribution degree
LU Wenan',YU Yiping', WU Di*,LIU Hui*,PENG Wei*,JU Ping'
(1. College of Energy and Electrical Engineering,Hohai University,Nanjing 211100, China;

2. State Grid Anhui Electric Power Co.,Ltd.,Hefei 230022, China)
Abstract: Aiming at the lack of unified and effective frequency regulation capability evaluation methods for
different types of synchronous generator units,the evaluation index of the unit primary frequency regulation
capability is constructed from the perspective of dynamic energy during the primary frequency regulation
process at different stages of the frequency regulation dynamic process,and the velocity, reliability, and im-
portance of the unit primary frequency regulation are evaluated from multiple dimensions such as energy
contribution speed, depth, and intensity. Based on the improved 10-machine 39-bus system, the reasonable-
ness and effectiveness of this method are verified through the calculation of each index under different
frequency regulation capability scenarios and the comparison with traditional evaluation indicators. On this
basis, the key factors affecting the unit frequency regulation capability are quantitatively studied, and the
impact of various parameters on frequency regulation dynamic indicators is explained from the perspective
of energy. This method has certain reference value for discovering frequency regulation bottleneck in the
power grid and improving the frequency regulation capability of the power grid.
Key words: dynamic energy; synchronous unit; energy contribution degree; primary frequency regulation; fre-

quency regulation capability evaluation

(E#% 160 W continued from page 160)

Fast current protection based on fault first half-wave

comparison under small stage difference demand
LI Zhenxing',ZHU Yi',WANG Yangze',CHEN Yanxia®,PI Zhiyong’, WENG Hanli'
(1. Hubei Provincial Collaborative Innovation Center for New Energy Microgrid,
China Three Gorges University, Yichang 443002, China;
2. Electric Power Research Institute,State Grid Beijing Electric Power Company,Beijing 100075, China;
3. State Grid Hubei Jingmen Electric Power Supply Company,Jingmen 448000, China)

Abstract: The step current protection based on the stage time difference coordination is limited by the out-
put line protection action time. To shorten the protection judgment time and improve the multi-level coope-
ration ability of the distribution network,a fast current protection based on fault first half-wave comparison
under small stage difference demand is proposed. The action time of traditional current protection is analyzed.
The template curve is then constructed based on the setting value,and the multi-point dynamic comparison
with the fault current sampling value is carried out. Based on the root mean square value ramping effect
and the sampling value over-limit effect,a new protection startup criterion is constructed,and a new action
criterion is constructed considering the protection algorithm delay and the influence of interference points,
which comprehensively speeds up the current protection judgment speed. The PSCAD / EMTDC software
simulation is used to verify the effectiveness of the proposed method under the working conditions of different
fault types,fault times,sudden load increases and interferences. The results show that the action time of the
proposed method does not exceed 10 ms,it is conducive to more flexible and reliable setting of small stage
difference.

Key words: multi-level distribution network; small stage difference;fast current protection;relay protection;

template curve;current sampling value
p ping
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Fig.B7 Flowchart of new method of fast current protection based on first half-wave comparison of fault
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Fig.C1 10KV single-side power distribution system model
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Table C1  Line parameters of simulation model
HLBH/ ( Q-km™ ) HUE/ ( mH-km™ ) H%5/ ( uF-km?)
B E95d TR E95d B E95E
0.170  0.320 1.017 3.560 0.115 0.006
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Fig.C2 Simulative results of Case2
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Fig.C3 Simulative results of Case3
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Fig.C4  Simulative results of Case3

J R — PO R, — S
(b) tRIPENIEIEA

% C2 A RIHPELBTHRIPEI{ERTEIXTEL
Table C2 Comparison of protection action time for different fault types

ER [E/ms
et A A (9 HEI% /%
£ 57515 G WIRV
0 16.92 6.62 60.87
AB
30 16.25 6.65 59.08
60 20.48 10.28 49.80
0 17.12 6.92 59.58
ABg 30 16.25 5.95 63.38
60 20.49 10.58 48.37
0 16.32 7.62 53.21
ABCg 30 15.25 6.25 59.02
60 14.59 5.29 63.74
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Fig.C5  Simulative results of Caseb
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Fig.C6  Simulative results of Case6
S 7 i HAIR WK C7. BT, fEER T ER N, K mBIE N RIS, X5
e RO R AU 2 RAESRTHE ] T 288 5 — D5t ROV R B FRIRAE S5 T2 AT, 2B & HO RN
K R T AR T 2] L CRFEAR SO FE TS TN D

3r % 150
& "'4.. 1+
B | misale N 0
L5F % s A d o | | | | |
'%.29 6.3 0131 0‘.32 0‘.33 0‘.34 0.29 03 0.31 0.32 0.33 0.34
t/s t/s
----- STRE R, - AR 2, — MLV HE (1, — ST 2 — A, — R, — SR
(a) FLRAELR RS AR A4 (b) BHIEER

C7 BH7THHELER
Fig.C7  Simulative results of Case7
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Fig.C8 Simulative results of Case8
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Fig.C9 Multi-level coordination examples
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Table C3 Protection parameter setting

R TE/A WE AL
R1 1.428 0.20
R, 0.920 0.10
R3 0.640 0.00
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Table C4 Multi-level coordination results under different fault conditions

L o 2 WA B 1% R L ALKA BRI LRI R ) BB Z /s
25 1.061 Rs 0.3465
50 0.928 Rs 0.3465
Ls 75 0.805 Rs 0.3465
100 0.778 Rs 0.3465
25 2.051 R, 0.4465
50 1.684 R, 0.4465
Le 75 1.414 R: 0.4465
100 1217 R; 0.4465
25 8.485 R 0.5465
L 50 4.942 R 0.5465
75 3.535 R 0.5465
100 2.687 R 0.5465
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