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Fig.1 Wiring diagram of injection rotor
grounding protection
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Fig.2 Schematic diagram of rotor winding

grounding fault
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Protection and location method of rotor winding grounding fault for
variable speed pumping storage unit
QIAO Jian"?,YIN Xianggen', WANG Yikai'?,LU Qinghui"*,TAN Liming'?>,ZHU Lingjin"’
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,

Huazhong University of Science and Technology, Wuhan 430074, China;

2. Hubei Electric Power Security and High Efficiency Key Laboratory,

Huazhong University of Science and Technology, Wuhan 430074, China)
Abstract: The rotor winding of variable speed pumping storage unit adopts the special structure of three-
phase AC excitation, so the existing rotor grounding protection method is no longer applicable. Aiming at
this problem,a protection and location method of rotor winding grounding fault for variable speed pumping
storage unit is proposed. The rotor grounding protection scheme is constructed by connecting the current
limiting resistance to the injection device outside the rotor slip ring. Based on the principle of injection,
an online calculation method of grounding capacitance parameters and fault resistance is proposed. Whether
the grounding fault occurs or not is judged according to the grounding resistance,and the protection outlet
mode is determined. The phase distribution of rotor winding potential is considered according to rotor tur-
ning and rotating speed. The conductor connection of each slot in the fault phase winding is regarded as
the virtual fault point and the corresponding reference potential ratio is calculated. The actual potential ratio
is compared with the reference potential ratio of each virtual fault point, and the virtual fault point with
the least difference is regarded as the fault location,so as to realize the grounding fault location. Results
of PSCAD / EMTDC simulation verify the effectiveness of the proposed method.
Key words: variable speed pumping storage unit; rotor winding grounding fault; injection principle; electric

fault location

(E4#% 1957 continued from page 195)

Two-stage planning method of power emergency resources for major social events
HAN Jianpei',XI Yanna®,LIU Nian',ZHANG Silu', WANG Shu®
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. State Grid Beijing Electric Power Company,Beijing 100031, China)

Abstract: Major social events integrate cyber, physical and social information, increasing the difficulty and
complexity of traditional power emergency resource planning, for which,a two-stage planning method of po-
wer emergency resources for major social events is proposed. The cyber,physical and social coupling factors
of power emergency resource planning are analyzed, load importance degree is introduced to quantify the
impact of major social events on emergency resource planning,and a two-stage planning framework integra-
ting emergency service depot planning and emergency resource allocation is presented. A power outage risk
quantification indicator is introduced considering load importance degree, a multi-objective planning model
of multiple emergency service depots is constructed comprehensively considering the load outage risk,invest-
ment cost of service depots and emergency service time constraints,and a solving method of multi-objective
model is proposed based on & constraint. Considering the uncertainty of emergency resource demand,an
optimal allocation model of emergency resources is proposed based on interval optimization,and the original
interval optimization model is transformed into optimistic optimization problem and pessimistic optimization
problem for solution. The effectiveness of the proposed two-stage planning method is verified by case simula-
tive results.

Key words: major social events;power emergency resources;two-stage planning; multi-objective optimization;

interval optimization
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Table Al Voltammetric characteristics of a varistor

I/kA U I/kA U
0.000001 0.97 6 1.82
0.00001 1.06 8 1.87
0.0001 117 10 1.9

0.001 1.28 12 1.93

0.01 14 14 1.97

0.1 1.54 16 2

1 1.68 18 2.05
2 1.74 20 2.1
4 1.8
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Table A2 Reference potential ratio sequence calculation results

d LA AR d LA LA d RS LA d RS LA d HIFLLAE

d;  92.770.£-25.982° d;  3.549./-20.875°  du 1.363/-7.253° dgy  0.619.12.758° dg  0.216.£23.853°
d, 45.936./-26.255° dy;  3.347.£-20.197° ds 1.308./-6.478° dg,  0.594./13.654° dg;  0.201.£24.386°
d;  30.326./-26.534° dy;  3.161./-19.584° i3 1258 /-5374° dg3  0.568.214.206° dg3  0.186.£25.014°
ds 22521./-26.818° dn  2.990/-19.028°  du 1.210/-4283° dgs  0.543.214.784° dgs  0.172.£25.755°
ds 17.838.£-27.108° dyp  2.832£-18.523°  dss 1.164/-3202° dgs  0.519.215.391°  dgs  0.158.225.883°
ds  14.717./-27.403° dy  2.6862-18.063° s 1.120/-2.129° dgs  0.496.216.030° dgs  0.144.226.080°
d;  12.496./-26.393° dyy  2.550-17.644°  dy 1.078.£-1.063° dgy  0.474.216.703° dgy  0.131.226.361°
dg  10.824./-25.691° dys 2424 /-17.261° s 1.037.£0° des  0.452.217.415° dgg  0.117.£26.752°
dy  9520-25.198° dypy  2.309-16.494°  dg 0.998.71.061°  dsg  0.431.£18.168° dg  0.105..27.286°
dig 8.475.-24.851° dyx  2.202.£-15.771° dso 0.960,2.123°  dyg  0.411.£18.968° dgy  0.092.£28.013°
dyy  7.619.-24614° dy  2.101.£-15.087°  ds; 0.924.,3.188° d;  0.391.£19.389° ds;  0.080.£27.705°
di;  6.906/-24.460° d3p  2.005.-14.440° ds, 0.889/4.258°  d;,  0.371.19.849° dg;  0.068.27.403°
diz  6.302/-24372° dz  1.916./-13.825°  ds3 0.856 /5.336°  d;3  0.352.20.354°  dgs  0.056.27.108°
dis  5785.-24.336° dss  1.831.2-13.239°  dsy 0.823/6.422°  dzy  0.333.£20.909°  dgs  0.044.726.818°
dis  5.340/-23.673°  dgs  1.754./-12.306°  dss 0.792/7521°  d;s  0.315.221.519° dgs  0.033.£26.534°
dig  4.950/-23.114° dss  1.681.2-11.403° ds 0.762/8.633°  drs  0.298.22.190° dgg  0.022.726.255°
di;  4.604..-22.642° dyy  1.611.2-10.528°  ds; 0.732.£/9.420°  dy  0.281.£22.418° dg;  0.011.£25.982°
dig  4.296.-22.243°  dzp 1544 /-9.678°  dsg 0.702.210.223°  dss  0.264.£22.691°  dgg 0

dig  4.020£-21.907°  dag 1.481./-8.851°  dso 0.673.211.046° d7y  0.248.£23.016°

dy  3.771.£-21.625°  dg 1.421./-8.043° ds  0.646.211.890° dg  0.232.£23.401°
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Table A3 Grounding fault resistance calculation results and fault location results under different fault scenarios

b 5 g P EL 5 S i 4
MO M| R AR oy g Y s . SE AL
(DAL FH/Q FHL/Q % 52 "% gt B
100 98.746 -1.254% 0.281./6.162° 2.391%  1.644./-19.354° 0.007%  5.856./-25.516° dig
dis 1000 1004.411  0.441% 0.281.26.159° 2.360%  1.644./-19.356° 0.005%  5.852./-25.515° dis
5000 5059.652  1.193% 0.282.£6.135° 2.210%  1.643./-19.365° 0.056%  5.831./-25.499° dis

100 97.164 -2.836%  0.558./-3.060° 1.214%  1.363.£-20.846° 0.011%  2.444 £-17.786° d2g
ds 1000 1003.426  0.343% 0.557.2-3.061° 1.186%  1.363.£-20.850° 0.010%  2.443.£-17.790° d2g

5000 5054.332  1.086% 0.560.£-3.059° 1.038%  1.361.£-20.875° 0.151%  2.431.£-17.816° d2s
100 98.174 -1.826%  0.822.£-11.842° 0.826%  1.083.£-18.642° 0.013%  1.317.£-6.800° da
daz 1000 1012507 1.251%  0.823.£-11.832° 0.761%  1.082.£-18.656° 0.079%  1.314.£-6.824° da
5000 5052.352  1.047%  0.826.£-11.831° 0.656%  1.079.£-18.671° 0.292%  1.307.£-6.840° da
100 97.995 -2.005%  1.079.£-19.347° 0.635%  0.827.£-10.955° 0.025% 0.767 .£8.393° dsg
dse 1000 1008.873  0.887%  1.080.£-19.340° 0.574%  0.826.£-10.954° 0.098% 0.765./8.386° dsg
5000 5062.656  1.253%  1.083./-19.331° 0.428%  0.823.£-10.931° 0.517% 0.759 £8.401° dss

100 98.851 -1.149%  1.361.£-21.158° 0.502%  0.562.£-2.401° 0.027%  0.413.£18.756° dzo

dro 1000 1004.922  0.492%  1.362./-21.150° 0.444%  0.561.£-2.379° 0.186%  0.412./18.771° dzo
5000 5059.434  1.189%  1.367.£-21.139° 0.331%  0.556.£-2.262° 0.966%  0.407.£18.876° dzo
100 97.772 -2.228%  1.641.£-19.402° 0.424%  0.284.£6.144° 0.126%  0.173.£25.546° daa
da4 1000 1004.587  0.459%  1.643.£-19.393° 0.363%  0.283.£6.236° 0.447%  0.172.£25.692° daa

5000 5058.118  1.162%  1.648.£-19.378° 0.307%  0.278.£6.631° 2.322%  0.169.£26.009° dsa
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Fig.A17 Location results in different fault positions
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