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Complex grounding fault analysis method for distribution networks with
micro-hydropower clusters considering excitation control response
BI Haoran',LI Jie',WANG Gang',ZENG Dehui’*,LI Jing',CHEN Zhifeng’
(1. School of Electric Power,South China University of Technology, Guangzhou 510006, China;
2. Guangzhou Jiayuan Electric Power Technology Co.,Ltd.,Guangzhou 510612, China;

3. School of Electrical Engineering,Guangzhou City University of Technology, Guangzhou 510800, China)
Abstract: The intensive access of micro-hydropower units increases the complexity of the topology of the
distribution network, which is prone to complex faults under extreme weather conditions. At the same time,
the fast response speed of micro-hydropower excitation system makes its influence on the output fault current
of micro-hydropower cannot be ignored. Therefore, through the study on the fault characteristics of micro-
hydropower units and the analysis of complex fault of distribution network with micro-hydropower clusters,
considering the influence of the excitation control characteristics of micro-hydropower, micro-hydropower
units are equivalent to VCCS(Voltage-Controlled Current Source) controlled by the voltage of PCC(Point of
Common Coupling). Combined with the theory of multi-port network and the ideal transformer,a complex
grounding fault analysis method for distribution networks with micro-hydropower clusters is constructed.
Through the overall simulation by PSCAD / EMTDC,the results show that the proposed method can not only
accurately compute the micro-hydropower output current, branch current and voltage of each node under
complex grounding faults, and provide the theoretical basis for the protection setting of complex faults in
distribution network,but also provide theoretical support for islanding division and restoration reconfiguration
after faults of power system with micro-hydropower clusters.

Key words:distributed power generation;micro-hydropower;complex fault;fault equivalent model;fault analysis
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Table E1  Parameters of system and load

S SHUH
ARG IE A ES 0.000 1+j0.3607 Q
FAE R 110 kV/10.5 kV
SRR AR T AR BT j12 Q/phase
rPE R LB 12Q
ik =4k 10.000+j4.843Q
B ATUE T R L 0.90

T A 10 KV BRZR 2R I2% 28 R 3248 e 25 5 13 K HL T AH
e, BRERh Mk A AR IR AR S BT

RE2 %BREH

Table E2 Parameters of line

KERM M EFEI/Q«mY)  FUFEEYQ «m?)

AL YIV-3>300 0.06+j0.089
Jasdk LGJ-185 0.158+j0.36

VE: AWBHRSRSTIN 3 AU A RS- RS IR B LR,
3 MARRRGBKE M8 8. 10, 12 km, ZETL

BKESHN 1.8, 1.5, 1.2 km

(C1)
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Table E3  Parameters of micro-hydropower
FPo BUEDIZE/MW BUELIBIE/KY g #FEE T dEFEP ST BB R RTE R

G, 1.00 10 0.600 1.050 30 45
G, 0.63 10 0.533 1.584 50 4.5
G; 0.50 10 0.614 1.533 80 4.5

TE: “T7 AR KN K Gry G BB R 73529 5 km A1 7 km, g Hh[EP BT, d 4
[ 252 LU AT IRl TOAEL PR R 30 b K, 1 5 o BREFER BB 70 3004 8 km A1 3 km

MisR F
RF1 751 THHESLHETEBR R, =R,=0.01 Q BT 4B E HIXTLL &

Table F1  Comparison of out-of-phase complex faults under different fault resistances in Case 1 when Ry=R,=0.01 Q

Y 58 UEXE AR RZE/ %
1% 0.926 4 kA 0.932 1 kA 0.61
12, 0.969 9 kA 0.975 2 kA 0.54
lga 0.201 2 kA 0.194 6 kA 3.39
le., 0.084 4 kA 0.081 0 kA 4.20
u?, 4,706 5 kV 4732 4 kV 0.55
uy, 43252 kV 4.366 7 kV 0.95

T F2 175 1 TEHEERMIETERR Ry=R,=5 Q F&YIESNxTLEER

Table F2 Comparison of out-of-phase complex faults under different fault resistances in Case 1 when R;;=Rp,=5 Q

WELE AR Pi BAE AR R ZE /%
12, 0.235 2 kA 0.235 1 kA 0.04
12, 0.270 2 kA 0.270 4 kA 0.07
loa 0.084 2 kA 0.085 9 kA 1.98
ls., 0.082 2 kA 0.078 8 kA 431
U, 2.637 2kV 2.6757kV 1.44
u?, 2.954 4 kV 3.005 3kV 1.69
R F3 TR 2 TRIBERMETEBRA Ry=R=0.01 Q F &P EHIXTLLER
Table F3 Comparison of out-of-phase complex faults under different fault resistances in Case 2 when Ry;=R;»=0.01 Q
WEE A HAE irE AR Z/ %
12, 0.924 8 kA 0.930 7 kA 0.63
12, 0.968 1 kA 0.974 4 kA 0.65
lga 0.201 3kA 0.194 9 kA 3.28
ls., 0.069 1 kA 0.065 4 kA 5.66
Uy, 4.704 0 kV 4726 9kV 0.48
u?, 4313 3kV 4354 0 kV 0.93

R F4 % 2 THRESRETERMA R,=R,=5 Q I S YIRE A LLER

Table F4 Comparison of out-of-phase complex faults under different fault resistances in Case 2 when Ry;=R;,=5 Q

/N iHHAE i FE FAXT R %/ %
12, 0.234 9 kA 0.235 1 kA 0.09
12, 0.269 9 kA 0.269 9 kA 0.00
I, 0.085 3 kA 0.086 8 kA 173
le, 0.067 4 kA 0.063 4 kA 6.31
u?, 26358 kV 2.630 6 kV 0.20
u?, 2.950 4 kv 2.947 1kV 0.11
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Table F5 Comparison of out-of-phase complex faults under different fault resistances in Case 3 when R;;=R;»=0.01 Q

YR T E i AfE HAR R ZE /%
12 0.020 5 kA 0.018 9 kA 8.47
12, 0.098 1 kA 0.097 6 kA 051
I, 0.072 9 kA 0.078 2 kA 6.78
(s 0.081 8 kA 0.078 4 kA 4.34
U, 5.450 5 kV 5.451 0 kV 0.01
u?, 5.622 9 kV 5.618 9 kV 0.07

R F6 % 3 THREERMIETEBIE R =R,=5 Q R &HEEMITLLER
Table F6 Comparison of out-of-phase complex faults under different fault resistances in Case 3 when Ry =R;»=5 Q

Y3 H5E RN FAXT R % /%
12, 0.040 7 kA 0.040 4 kA 0.74
12, 0.056 0 kA 0.056 0 kA 0.00
lga 0.0752 kA 0.079 9 kA 5.88
I, 0.080 6 kA 0.078 0 kA 3.33
Uy, 5,040 6 kV 5.039 5 kV 0.02
u?, 4.965 3 kv 4.964 3 kV 0.02

RF7 5% 1 TEERRRKENMREFHEES 2805 T BB Rq=R,=0.01 Q B YR EMITELER
Table F7 Comparison of out-of-phase complex faults under different fault resistances by constant voltage source series
impedance model in Case 1 when Ry=R;,=0.01 Q

/B it 5E ERE HAR R ZE/ %
1 12105 kA 1.237 6 kA 2.19
1, 12714 kA 1.279 6 kA 0.64
I, 0.802 0 kA 0.807 2 kA 0.64
I, 0.876 6 kA 0.883 3 kA 0.76
12, 0.926 4 kA 0.932 1 kA 0.61
12, 0.969 9 kA 0.975 2 kA 0.54
us, 4.706 5 kv 4732 4KV 0.55
u?, 4.3252 kV 4.366 7 kV 0.95
lés 0.201 2 kA 0.194 6 kA 3.39

I +

G2 0.084 4 KA 0.081 0 KA 4.20
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