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A general method for power system short-circuit calculation considering traction transformers
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(1. State Key Laboratory of Advanced Electromagnetic Technology, Huazhong University of Science and Technology,
Wuhan 430074, China; 2. State Grid Hubei Electric Power Co., Ltd., Wuhan 430074, China)

Abstract: Accurate calculation of short-circuit currents in power systems is fundamental to the effective implementation
of relay protection setting calculations. The integration of traction transformers introduces three-phase asymmetry into the
power grid. To achieve a unified and efficient approach for short-circuit calculation in power systems containing various
types of traction transformers, this paper proposes a general short-circuit fault model for power grids with traction
transformers. By superimposing fault modified the nodal admittance matrix, the method can directly calculate the
short-circuit voltages and currents throughout the entire network. First, the basic concept of power system fault analysis
using a modified nodal admittance matrix is introduced. Then, the fault-modified nodal admittance matrices for
low-voltage side faults of single-phase, V/V, V/X, Scott, and impedance-matched balanced traction transformers are
derived in detail. Finally, the correctness of the proposed method is demonstrated by simulations based on the IEEE9-bus
system and comparison with the existing calculation methods. The method has been applied in practical power grid fault
analysis and relay protection setting calculation software, demonstrating good practicality and engineering value.
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Fig. 1 Composition of traction power supply system
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Fig. 10 Wiring diagram of V/V traction transformer
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18 kV/230 kV
2 X, =00625 7)

0.0085 + j0.072
B/2=0.0745

0.0119 + j0.1008
B/2=0.1045

13.8 kV/230 kV
19 X, =0.0586 3

8

YNdI1
0032+ j0.161

18kV YNdI1 13.8kV

0.039 + j0.17

Scott 7= 5| A8k 247 5. SF9/QY-40000/220, 4¥isE
RE: 40 MVA, FiEHE: 220kV/27.5kV/27.5kV,
45 7% H1 I : 10.5%, PSCAD 177 ZLE A 4 €] 21 Frs™,
R RS A R WK 3 PR

FHpTUCEC -2 5] AP R 4 5. SF6/QY-20000/
220, U5 75 8 : 20 MVA, F5E LK : 220 kV/27.5 kV/
27.5kV, JHEHE: 8.98%, PSCAD 1j ELAM 1K
22 iR, SRR S S Rk 4
Fizso

x;=0.1198 x7=0.1813
! B/2=0.153 B/2=0.179 !
5, =100 MVA, / =50 Hz 0015+1008<_ 0017 100(;2_ 00884”0»0606 T F 1 HEEETERERITELZERS PSCAD HELER
Una =UsoUna =UN3 20088 B/2=0.079 ”'ZZQ'OL’—CZZ)—{ Table 1 Short-circuit calculation result and PSCAD simulation
Sy —H—
= B ! 0 ! result of combined single-phase transformer
FEW U, =230 kv (REHE) 16.5 kV/230 kV
yNan X, 200576 JE BRI WSS RV UESENINY
I U 120.37.£-29.70° 120.42 /-29.71°
16.5 kV
7 =0.0608 ol 27.60 £ -32.76° 27.58 £-32.74°
& 18 HHIHRS T U 0 0
Fig. 18 Example of the power system fi Uy 108.04.£-29.15° 108.09 £-29.16°
. uR 40.48 £ -33.35° 40.46 £ -33.34°
A HARA AR S . DF6/QY-40000/220, g . .
AUERE: OMVA, HUEHE: 220kV/27.5kV/ uo 120.37.£-29.70° 120.42./-29.71°
27.5 KV, B W5 S A M L : 13% 12%, 2L PSCAD . .
N 09 e = U 27.60 £-32.76 27.58./-32.74
DIABUR A 19 BAS, EMERL @B . 0
JEL| o
(35){“—_@ . L% Uy 108.04 £-29.15° 108.09.£-29.16°
A .
Timed Uy 40.48 /-33.35° 40.46 £-33.34°
e #2 5 k—— Fault .
n T;}AILTS U 119.36 £-29.70° 119.42.£-29.71°
= opel 28.60 £-32.62° 28.58 £-32.61°
19 ‘A& BHEZF5| LR PSCAD iEE o
. . . . . T. F il Us 0 0
Fig. 19 PSCAD simulation of combined single-phase _ ;
) . bk uy 106.56 £-29.15° 106.62 £-29.16°
traction tr. .
raction transtormer U 41.95£-33.21° 41.92£-33.21°
S vy 0 0
— — i B :
Zy =)X; =] Usx S (33) Uo 119.36 2/-29.70° 119.42./-29.71°
N
. — . s 28.60./-32.62° 28.58./-32.61°
X U AEGIZEBNERBEE: S, NRAN Uj)
A Y o e = N [ 60 0 0
Seifeatt: S NSRRI AR, TR
ok He Uy 106.56 £-29.15° 106.62 £-29.16°
REIRES 1 H MK, 4558 2 1 P B 00 ateso e sters e
4 = VSN 10 . . . .
I A 505 28 P A R R B IE = 4 o . .
FERE,  SRAEE 25 7 FE R AT SR AT 4 0 = 4 % P
bR4fH. At PSCAD fij A RR L, #—Ki .
HE B R A 4L BATE 6 1595 10 9B, nfn e
. N N B ’c]ll.
H MATLAB #i#% 1155 PSCAD fi EL&5 Rk 1
— 1y N i I . FAULTS
FR(EL A FE 9B ). | A

VIV 25|25 K285 . SF6/QY-40000/220, #ilsE
ZE: 40 MVA, FEHE: 220kV/27.5kV/27.5kV,
BRI : 10.36%, PSCAD 175 BRI N 20 s,
=P R TR S0 A R AR 2 Fow.

20 V/V #5|Z £ 8% PSCAD fFEE
Fig. 20 PSCAD simulation of V/V traction transformer
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Table 2 Short-circuit calculation result and PSCAD simulation

o

result of V/V traction transformer

#< 3 Scott Z5| T EFWIITHELE RS PSCAD HELAR
Table 3 Short-circuit calculation result and PSCAD simulation

result of Scott traction transformer

Ja KA W B 45 kv TN
U 117.55 £ —29.72° 117.56 £-29.73°
opsl 30.41 £-152.38° 30.36 £-152.38°

s 0 0

% U 103.90 £-29.14° 103.92./-29.1°
v 44.61 £-152.97° 44.55 /~152.99°
lofid 0 0
U 117.55 £-29.72° 117.56 £-29.73°
u? 30.41 /-32.38° 30.36£-32.38°
B Uy 0 0
Ji itk Uy 103.90 £-29.14° 103.92 £-29.15°
U? 44.61 £-32.97° 44.55 £-32.99°
Uy 0 0
U 126.25 /-29.71° 126.27 £-29.72°
s 21.72 £ 86.47° 21.65/86.50°
o ph U 0 0
LIS Uy 116.67 £-29.25° 116.66 £-29.26°
U 31.86.£85.88° 31.76 £85.89°
Uy 0 0
U 91.20.£-28.91° 91.29 £-28.94°
u® 13.39./-88.89° 13.39./-88.89°

o ptm U 0 0

Ji B4 vy 65.34 £ ~26.80° 65.42£-26.83°
U? 19.64 £-89.48° 19.64 £-89.50°
Uy 0 0

gg A Timed
' e S
€@ ___JFAULTS
o A->Gé
#1
# I

21 Scott #5| % E 8§ PSCAD {iEE
Fig. 21 PSCAD simulation of Scott traction transformer

SR B4 kv B Y
ue 126.42£-29.71° 126.46 £~29.72°
Uy 21.56 £146.44° 21.51.£146.48°
R 0 0
FEL% Uy 116.91.£-29.25° 116.95 £-29.26°
Uy 31.62.£145.85° 31.57.£145.89°
lops 0 0
U 126.42.2-29.71° 126.46 £-29.72°
uy 21.56 £-33.56° 21.51£-33.53°
K U 0 0
A ¢
Sk ugy 116.91.£-29.25° 116.95 £-29.26°
Uy 31.62./-34.15° 31.57/-34.14°
Uy 0 0
U 126.42.£-29.71° 12646 £-29.72°
o 21.56 £-123.56° 21.51.£-123.52°
7(0)
o phti Us 0 ‘
Sk Uy 116.91.£-29.25° 116.95 £-29.26°
Uy 31.62£-124.15° 31.57£-124.13°
Uy 0 0
U 104.92 /-28.92° 104.96 £ -28.93°
Ul 0 0
7(0)
o pimg U 0 0
Sh il ugy) 85.45.£-27.45° 85.49£-27.46°
u? 0 0
vy 0 0
#1§§ #2
A Timed
#1§ #3 =l Faul
_ Jraurts| LEegi
C
% H A L

[ 22 FRHULECFEEERS PSCAD HEE
Fig. 22 PSCAD simulation of impedance-matching

balance traction transformer
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Table 4 Short-circuit calculation result and PSCAD simulation

result of impedance-matching balance traction transformer

F B T

[ I\

1 FLA5 FkV

7
U6

7(2)
U6

ot U

132.68 £-29.79°

15.30£175.62°

0

132.71.£-29.80°

15.27.£175.63°

0

bt uy 126.08 £ 29.46° 126.12 £-29.48°
Uy 22.45/175.03° 22.41.2175.03°
Uy 0 0
Uy 132.68 £-29.79° 132.71 £-29.80°
opel 15.30 £-4.38° 15.27£-4.37°
0 0

pigy U

Sk Uy 126.08 £-29.46° 126.12.£-29.48°
up 22.45./-4.97° 2241 /-4.97°
Uy 0 0
v 132.68.£-29.79° 132.71 .£-29.80°
uP 15.30.£-94.38° 15.27 £-94.37°

6

o phi U

0

0

fish oY
U(Z)

10

7(0)
Uy

126.08 £-29.46°

22.452-94.97°

0

126.12.£-29.48°

22.41 £-94.97°

0

7
U6

7(2)
Us

o BAHTE Uy

117.43 £-29.20°

0

0

117.47 £-29.21°

0

0

AL g
Uy

7(0)
Um

103.76 £-28.27°
0

0

103.79 £-28.29°
0

0

4  FTEESHr

NSRBI A SR B T iR I IR R, AT
FE55 3 T PTIR IEEE 9 11 sl S0 R4t 52 51 kA 5
B skt b, A H ST R HAT I RRAIE, 1205
T 5 SR = RH R LIS 5 R B A 5 AR I 4R
AR BB ST R AT T R

FE5S 3 TR S A, CeRAIA ST ik
SR L 2 5| A s U I A %49 ) = L
B A B R0 6 AN AL 10 (9 =5 LU AR
LA, BIATARYE A(36) R A5 g e MU B = 57 J 4 P U
b £ AH

o = ur-uy "

— 2L xU™, (m=1,2,0) (36)

KA IHET R, X FR IEEE9 15 5451
RS FH w2530 AT R T AR AT, K R
G155 A TR A Y 10, W3 RGNS
AN UL =0.9652 - j0.5639 p.u. , LT AL
SMBAIN Zyy = Zy =0.0227 +j0.1929 p.u., AR5
22 SCHR[17-20]1 53 500l 13 205 B ) 55 2805 (940 26 FE
WA, HRAGFDFAT SR = 75 % H bR
ZAl.

BT PR 7 VT AT B A 51 AR R A v R
R HLIRAE AR 5 FIER 6 Fn(Lh A M EEME).

HH# 5 3L 6 Mg RnT s, £ RVFIRZE
YO Y, AR SCHR S 1) 7 (T A 5 | 0 T s e P
R I B R4S YT R AR R 5 A T (R
RGBT R ) TS 22 5] AR R &
M 6 RS SR — 3. MILLZ N, ARSCVkRE BB
R E SRR, BAPERER., SR HE
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Table 5 Three-sequence short-circuit current of the high voltage side of various traction transformers with the two methods

#25| - I,/pu. I,/pu. I,/pu.
BER LA 7 LA ik S
o X ek X e A
GBS A3 sER AN shg Jrik o ik
U(O) . .
T kG 1.57£-116.65° 77 1.57£-116.64°  1.57.£63.35° Iy =-1I, 157£6336° 0 0
ff T
F 4 U . .
i 1;%@ 1.57 £-116.65° 77 1.57£-116.64°  1.57.£63.35° Iy,=-i, 1.5726336° 0 0
il w241
FHZE S .
- T. F U . .
A5 I 4 N 1.63.£-116.51° 7 1.63£-116.51°  1.63.£63.49° Iy =-1I, 1.63./6349° 0 0
1) 3 4T
T. F Al U ; .
] %3:!&1; 1.63£-116.51° 77 1.63£-116.51°  1.63.£63.49° Iy,=-i, 1.63.26349° 0 0
2 wtZr




REH, & P g AR 2R I ) A R VAR AT - 127 -
R
=] - I,/p.u. Iu/pu. I/p.u.
BEH o AT i . A7 S ]
P KA PN BN PN BN o
7 AR EES AR 45 i Jik
. 7(0)
“*ﬁ_ﬁﬂﬁ 1.73 £-116.27° L — 1.732-11627° 173/-5627°  1,=1,£60° 173/-5627° 0 0
Ji % 22y + 2y
= i U(O) . .
A% M?%& 1.73 £-116.27° —L 1.732-116.27°  1.73.£63.73° I,=-1, 1.73£63.73° 0 0
" Ji % 22y + 2y
=51 a B U}t)) . .
25 s 58 ) 1.24 /-117.42° —t 124/-117.42° 124/-17742° [, =1,£4-60° 124/-177.42° 0 0
R s 22y +2y) po
. - JOB3Z. +27 Z,.2120° .
";Mﬁﬂ 323116330 — D0 CZut22) 5oy 16300 0767220 =0 du 0.76.7.23° 0 0
i e (BZy +Z N Zy + Zy) 3Z, +27,
L 7(0)
"'*ﬁ_&ﬂﬁ 123 /-117.44° U 123/-117.44° 123 /-117.44° I,=1, 123/-11744° 0 0
Ji % 2Zy +2Zy)
= 7(0)
Scott M?%ﬂﬁ 123 /-117.44° U 123/-117.44°  1.23./62.56° Iy=-1, 123262.56° 0 0
N Ji % 2AZy+7y)
=51 a B U}t)) . .
725 s 58 ) 123 /-117.44° —t 123/-117.44°  123/-27.44° Io=1,490° 123/-2744° 0 0
R s 22y +2y) po
M 7(0)
* B A 2.45/-117.44° o 2.45/-117.44° 0 0 0 0 0
Sk e Zy +Zy
L i U(O) . .
Mﬁ_ﬁ b 0.87£-118.27° — 0.87/-118.27° 0.87.£-88.27° I,=1,230° 087./-8827° 0 0
B % 2Zy +Zy)
N .
[ EEE R Uy .
VCHC - 0.87./-118.27° — 0.87/-11827° 0.87£91.73°  I,=1,/-150° 0.87291.73° 0 0
. Ji % 2Zy +2Zy)
11 .
N o B Uy .
T 0.87£-118.27° — 0.87/-11827°  0.87.£1.73° I,=1,2120°  0.87£1.73° 0 0
;ié Al 22, +2,) S
T o A ue
" 1.74 /-118.27° 1.74 £-118.27° 0 0 0 0 0
Ji i He Zy+Zy
xR 6 ETAMAETRESINARZES I ZEERSEN=REREREEE
Table 6 Three-phase short-circuit current of the high voltage side of various traction transformers with the two methods
A5 A A _ I,/kA I, /kA I /kA
e R TTVE WA T5 KR TV WA T7E R TTVE WA J5E
T {042 % 0 0 0.68 £153.35° 0.68 £153.36° 0.68./-26.65°  0.68.£-26.64°
P F {42 Hh 5 % 0 0 0.68 £153.35° 0.68 £153.36° 0.68./-26.65°  0.68.£-26.64°
. T. F #HIA%E % 0 0.71.£153.49° 0.71.£153.49° 0.71.£-26.51°  0.71.£-26.51°
B2 5| AR R 4% . F I
- 0 0 0.71.£153.49° 0.71.£153.49° 0.71.£-26.51°  0.71.£-26.51°
R HH
o MMM 0.75./-86.27° 0.75 £-86.27° 0.75.£93.73° 0.75.£93.73° 0 0
VIV A B A g 0 0 0.75£153.73° 0.75£153.73° 0.75£-2627°  0.75£-26.27°
s N,
o o, PAHIAGEEE  0.54.-147.42° 0.54./-147.42° 0 0 0.54./32.58°  0.54./32.58°
I B HH A
O~ \TAIS
- 0.72/-103.63°  0.72./-103.62° 1.00.£124.35° 1.00.£124.36° 0.75/-9.57°  0.75/£-9.56°
o MMM 0.622-117.44°  0.62.-117.44° 0.31.£62.56° 0.31.£62.56° 0.31.£62.56°  0.31.£62.56°
Seott 73] B A g 0 0 0.53.£152.56° 0.53.£152.56° 0.53/-27.44°  0.53£-27.44°
Cott 2= N,
Lo BAHIIEIEE  0.442-72.44° 0.44 £ ~72.44° 0.60.£107.56° 0.60.£107.56° 0.16/-72.44°  0.16.£-72.44°
I B AH A AL
o~ \y
0.62/-117.44°  0.62./-117.44° 0.62./122.56° 0.62.£122.56° 0.62.£2.56° 0.62 £2.56°
D
o MIEEMAEE  042.2-10327° 0.42.2-103.27° 0.31.£76.73° 0.31.£76.73° 0.11£76.73°  0.11.£76.73°
FHHCICAE B AHEMbAEEE  0.11.£166.73° 0.11.£166.73° 0.31.£166.73° 0.31.£166.73° 0.42/-1327°  0.42/-13.27°
PHFRES o, BAHIEAERE  0.22.2-58.27° 0.22./-58.27° 0.44 £121.73° 0.44 £121.73° 0.22/-5827°  0.22./-58.27°
R o BAHIAIE RS
P 0.44/-11827°  0.44./-118.27° 0.44/121.73° 0.44 /121.73° 0.44 /1.73° 0.44 /1.73°
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