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Fig.1 Rotor speed frequency equivalent sequence circuit
of DFIG with Crowbar protection
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Fig.2 Power frequency equivalent sequence circuit of
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Table 1 Short circuit currents with different short circuit faults at Bus 3 and rotor speed of 1.2 p.u. of DFIG

xﬂgfgﬂﬁ e LRI Ly HLU /KA 2R L, LU /KA DFIG & F HL 3 / kA
K ) 15 HAH THEE 15 HAl A 5 HAE THE
THIEF  4.581£-180.3° 4.590£-179.2° 1.737/4-161.6° 1.7324-161.1° 2.985/169.1° 2.993 £ 170.5°
THGIY  1.067£-159.4° 1.065/-158.4° 1.737/-161.6° 1.732/-161.1° 0.672214.4°  0.671/£14.7°
THEF  1.738,-161.8° 1.732/-161.1° 1.737/-161.6° 1.732/-161.1° 0 0
A H
B0 1E 3.017 £8.0° 3.006,72° 1.022/-171.3° 1.03524-173.1°  4.072,7.9° 4.04127.1°
HARGUT  0.657£-171.1° 0.637£-170.2° 1.0224-171.3° 1.03524-173.1°  0.399 £5.2° 0.400 £.2.4°
)Y 1.058£4-172.4° 1.0354-173.1° 1.022/-171.3° 1.0352-173.1° 0 0
THRIERF  5304-176.7° 529/-175.7° 2.90/-163.2° 290/-162.6° 2.57,168.0° 2.55/169.3°
BC H Ibﬁﬁ‘f% 1.78 £.19.2° 1.78 £.20.0° 2.88/.16.8° 290, 174°  1.124-167.1° 1.12/-166.9°
B IE P 2.60.,7.5° 2.59/.8.8° 1.75£4-173.0° 176 £-172.0°  4.36.,7.4° 435/8.5°
gt T 1.09£.9.3° 1.08 £.10.9° 1.752.7.1° 1.76 £8.0°  0.682-175.8° 0.682-176.5°
THRIER 57514 -174.9° 5.749 £ -173.9° 3.665/-163.8° 3.667£-163.1° 2.265/167.0° 2.255/168.3°
TGy 1.304418.1°  1.303219.0°  2.118215.7°  2.120.163° 0.819/-168.2° 0.821 /2 -167.9°
BC Wi THFEF  1.548,417.0° 1.548.,17.8°  1.548.17.0° 1.548217.8° 0 0
e st BT IE P 2.286/.8.1° 2.30749.1°  2200/-171.8° 2233/ -171.0° 4.517/8.1° 4.540,.9.1°
HAMGUY  0.800£10.3° 0.794./11.2° 1.269/.7.1° 1.2912.84° 0.4862£-175.5° 0.499 /. -176.2°
%y 0.945 /. 8.5° 0.943/.9.9° 0.932,.9.7° 0.943/.9.9° 0 0
ABC =AM THIEF  7.0534-171.9° 7.041.£-170.9° 5.712/4-165.7° 5729/ -165.0° 1.499/164.4° 1.466/165.5°
ki B AR IE P 1.529 2.7.3° 1.531£10.0° 3.510£-171.7° 3.564/-169.3° 5.141.7.3°  5.094/10.5°
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Table 2 Short circuit currents with phase-B-to-C short circuit fault at Bus 3 and different rotor speeds of DFIG

. e e 2RI L, /KA 2RI 1, HL U /KA DFIG 5 FHL i / kA
ek Ry — ; - : = -
{5 FLAE THEAE 5 H Al T {5 HLA8 TR
THRIERF  5.291£-168.1° 5.294/ -167.5° 2.858 £ -174.0° 2.857 £ -172.7° 2.467/-161.2° 2.462/-161.5°
08 THR T 1.759 £ 8.4° 1.756 £.9.8° 2.858 £.6.0° 2.857,7.3° 1.1034-177.9° 1.106£-176.7°
’ HARIEF 2579.19.8°  2.607417.2° 1.7674-161.0° 1.770£-163.9° 4.369/19.6°  4.376/16.8°
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Short circuit current calculation method of power system integrated with
DFIG based on equivalent sequence circuits
ZHANG Jinhua,ZHANG Baohui,CHEN Linhao,HAO Zhiguo
(School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: To calculate the short circuit current distribution in power system integrated with DFIG (Doubly-
Fed Induction Generator) conveniently and accurately,the rotor speed frequency and power frequency
equivalent sequence circuits of DFIG with Crowbar protection are proposed,based on which,a short circuit
current calculation method of the system is given. The analytic expressions of power frequency component
and rotor speed frequency component of DFIG flux linkage are obtained by solving the state differential
equation of DFIG flux linkage with Crowbar protection. Based on this,the space vector equation of DFIG
voltage is decomposed into rotor speed frequency and power frequency components,to obtain the equivalent
sequence circuits for rotor speed frequency and power frequency respectively according to the relationship
between space vector and phasor. The negative and positive sequence equivalent circuits of rotor speed
frequency are passive impedance and electric potential with internal impedance respectively and the negative
and positive sequence equivalent circuits of power frequency are both passive impedance. Based on the
equivalent circuits the short circuit currents in power system integrated with DFIG can be calculated with
only DFIG electric machine parameters and initial conditions of failure without simulation. The system
integrated with DFIG is simulated in PSCAD to verify the effectiveness of the equivalent circuits and short
circuit current calculation method with different faults in the system.

Key words: DFIG; Crowbar protection;
circuits; rotor speed frequency

short circuit currents; sequence network circuits; equivalent



