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Calculation and analysis of short-circuit fault of distribution network with high proportion
distributed generators based on aggregated current
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Abstract: The large number and dispersed access points of distributed generators (DGs), and the output characteristics
during faults depending on their low voltage ride through control strategy, make it difficult to derive analytical
expressions of fault current and voltage in the distribution network, as well as explain the mechanism and law of fault
current and voltage changes. In order to solve these problems, a short-circuit fault calculation and analysis method of
distribution network with high proportion DGs based on aggregated current is proposed. First, DGs are classified and
aggregated based on their locations, considering their different influence on the branch short-circuit current. A nodal
impedance matrix is then formed by a path matrix to determine the aggregation location. Next, the analytical expressions
of short-circuit fault current and voltage calculation based on the aggregated short-circuit current are derived. Furthermore,
based on the aggregated short-circuit current and analytical expressions, the impact of DGs connection on fault current
and voltage is analyzed from a mechanistic perspective, exploring the variation patterns of fault current and voltage with
respect to aggregated short-circuit current. Finally, case studies verify the correctness of the proposed fault calculation and
analysis method.
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Fig. 7 Mechanism of the influence of aggregated short-circuit

current on short circuit current
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Table 1 Ratio of shunt coefficient and aggregated short-circuit current when two-phase short circuit occurs

KJH KJZI KJZZ IDGJl/kA IDGJZ/kA
W57 2 0.392.24.54° 0.531£-0.95° 0.469.£1.08° 0.132£ -102.24° 0.462£ —102.99°
WS R 3 0.419./3.16° 0.507£-0.22° 0.493.£0.22° 0.330£ —102.65° 0.264.2 —103.05°

2 HEE)AERR TR 3 R IR AN T R IR

Table 2 Branch current and node voltage when two-phase short circuit occurs

U; /kV U;/kV U; kv U, /kvV

I /KA I /kA I~ kA
EAH 5 0.231£-42.72° 0.371£-7027°  0.610.£96.19°
fil b ik it 5 0.231£-42.74° 0.371£-7027°  0.610£96.18°

5.696£-12.24° 3.993£-8.15° 5.472/-13.02° 4.540£-10.69°

5.695£-12.24° 3.994/-8.15° 5.472/£-13.02° 4.540£-10.69°

2 BRI b g RIA R E 4 R
USSP 48 RBEAT T b, 24 iR 2,
FIH R g Rk Ot 4 R S5 ENER S
SEA B, UEMAAR ST TR A TR R N R A
% L AT WA T S PR v A

B3t 1 F TEEE 33 5 S B R gk AT 11 5

UOAIE, WIEHE 1 N A 2 3 ERE S, &
K 2 N RS RN 6 MRS, oA U YR
HUERELWE N 0.5 MW, A A 11 kK4 BC M
) A, 1SR4 B0 2 I R BORN 3R A5 0 I FRL U
Wik 3 s, FHEEgE RN 4 fios.

# 3 IEEE 33 5 BB AR B 3G BR T HY 0 IR R AN R SRR RR ER IR

Table 3 Ratio of shunt coefficient and aggregated short-circuit current when two-phase short circuit occurs in IEEE 33-node network

Ky Ky, Ky, Tnn/kA Ipan/kA
DE SRR 1 0.074£42.93° 0.760£7.02° 0.263£-20.72° 0.110£1.42° 0.456£-39.01°
&S 2 0.089£28.77° 0.688.26.88° 0.328£-14.56° 0.242/-0.41° 0.360£-51.77°

% 4 IEEE 33 T5mBc e BB 3G RE BT B0 S BR B AN 5 R R /R

Table 4 Branch current and node voltage when two-phase short circuit occurs in IEEE 33-node network

I kA I /KA Iy /KA Ui /kv U;/kV Ui /kv U, /kV
A5 0.097/-74.67°  0.186£-32.00°  0.538/134.93°  5.934,1.33°  0.768£20.70°  5.792./1.54° 1.154.£6.52°
fEtrRik Rt E 0,096 -75.07° 0.1844-31.87°  0.541/135.09°  5.936£1.33°  0.770£20.82°  5.795./1.54° 1.160.£6.65°
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Fig. 10 Diagram of branch positive sequence current varying

with aggregated short-circuit current
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Fig. 11 Diagram of branch A phase current varying with

aggregated short-circuit current
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Fig. 12 Diagram of branch B phase current varying with

aggregated short-circuit current
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Fig. 13 Diagram of branch C phase current varying with
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Fig. 14 Diagram of A phase voltage variation of bus 2 with

aggregated short-circuit current
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Fig. 15 Diagram of VUF variation of bus 2 with
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