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Abstract—Various transformer models can be used to 
analyze fault conditions occurring in the power system. In this 
paper, several transformer models and their influence on the 
fault current course at different types of short circuits are 
investigated. Therefore, the 3-ph ideal transformer, the 3-ph 
saturable transformer (with and without saturation 
consideration), and the label-entered transformer (BCTRAN) 
were selected to compare the short-circuit current results. 
Faults such as 1-ph short-circuit, 2-ph metal short-circuit, 2-ph 
ground short-circuit and 3-ph short-circuit were considered. 
The results were compared with the methodology given in 
standard STN EN 60909-0 (33 3020). 

Keywords—transformer, EMTP-ATP, fault condition, short-
circuit current 

I. INTRODUCTION 

There are cases in the power system that differ from a 
normal operation. In some cases, it is a state that cannot be 
performed on real equipment for specific conditions of 
analysis. Therefore, methods of mathematical or physical 
modeling of electrical network elements are preferably used. 
One of the suitable, that is designed for more detailed 
analysis and its results may serve as a reference, is the 
EMTP-ATP program. 

The task of this paper is to determine specific 
characteristics of selected transformer models in EMTP-ATP 
environment, to model them and to evaluate the influence of 
input parameters on the resulting fault current waveform. 

II. ANALYSIS OF SHORT-CIRCUIT FAULTS ON THE 

SECONDARY SIDE OF THE TRANSFORMER 

The aim of this section will be to analyze the fault 
currents on the secondary side of the transformer using 
different transformer models in EMTP-ATP. In Fig. 1 is a 
simplified schematic of an electrical circuit in the case of a 
failure on the secondary side of the transformer. The power 
system in in no-load operation before the fault occurs. 

 

 

Fig. 1. Electrical circuit diagram 

 

 

 

 

Calculation of electric network elements: 

Parameter Quantity/value Note
External network Un = 110 kV 

Power line 

Rv = 0,025 Ω/km, 
Xv = 0,4 Ω/km, 

l = 60 km, 
Xv0 = 3⋅Xv1 

 

Load 
Rz = 150 Ω, 
XLz = 24 Ω 

 

Transformer 
3-legged-stacked-
core, 3-phase, 2-

winding 
 

Transformer parameters obtained from label data:
Nominal power SN = 40 MVA 
Nominal voltage UN2 = 110 kV Y connection

UN1 = 23 kV Y connection
Short-circuit 

voltage
uk = 11,5 % positive-sequence

component

Short-circuit 
losses 

ΔPk = 130 kW 
positive-sequence

component at 
nominal current

No-load losses P0 = 20 kW 
positive-sequence

component at 
nominal voltage

Type of 
connection

YNyn0(d)  

 

The neutral point of the secondary winding of the 
transformer is grounded through a resistance of RF = 10 Ω. 

 

In the absence of measured data for the zero-sequence 
component of the transformer, it is assumed that the zero-
sequence component of the short-circuit reactance X0k is 
about 85 % of the positive-sequence component of the short-
circuit reactance X1k (since the transformer is core type). 

For Saturable Transformer Component (STC) modeling, 
the winding wired to the star on the lower voltage side will 
be referred to as winding no. 1, where the magnetizing 
branch and the zero-sequence branch of the magnetizing 
inductance are connected. Ideally, the non-linear 
magnetization inductance should be connected to such a 
point in an equivalent circuit where the integrated voltage is 
equal to the flow in the iron core. For cylindrical coils, it can 
be assumed that the winding flow will flow predominantly 
through the core, since there should be very little leakage. 
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Parameters calculation of electrical network elements: 

Power-line: 

 
2 2
N1

v1 v 2 2
N2

23
0 025 60 0 06558

110

U
R R l , ,

U
= ⋅ ⋅ = ⋅ ⋅ = Ω   (1) 

 v0 v1 0 06558R R ,= = Ω   (2) 

 
2 2
N1

v1 v 2 2
N2

23
0 4 60 1,0492

110

U
X X l ,

U
= ⋅ ⋅ = ⋅ ⋅ = Ω   (3) 

 v0 v13 3,1472X X= ⋅ = Ω   (4) 

 

Transformer: 

 

k
2 2

N N1
T1

N

0,325 23
0,043

100 100 40

P

S U
R

S

Δ

= ⋅ = ⋅ = Ω   (5) 

 T0 T1 0,043R R= = Ω   (6) 

 
2 2
N1k

T1
N

11,5 23
1,521

100 100 40

Uu
X

S
= ⋅ = ⋅ = Ω   (7) 

 T0 T10,85 1,293X X= ⋅ = Ω   (8) 

 

Total short-circuit impedance: 

 1 v1 T1 10,108R R R= + = Ω   (9) 

 1 v1 T1 2,5702X X X= + = Ω   (10) 

 0 v0 T0 10,108R R R= + = Ω   (11) 

 0 v0 T0 4,4402X X X= + = Ω   (12) 

87,59
1 1 1 0,108 2,5702 2,572 jZ R j X j e= + ⋅ = + ⋅ = ⋅ Ω

   (13) 

88,61
0 0 0 0,108 4,4402 4, 442 jZ R j X j e= + ⋅ = + ⋅ = ⋅ Ω

   (14) 

Calculations of short-circuit currents: 

 

Phase voltage amplitude on fault side: 

 N1
m

2 2 23
18,78 kV

3 3

U
U

⋅ ⋅= = =   (15) 

 

Maximum steady-state short-circuit current: 

 m
mu

1

18,78
7,302 kA

2,572

U
I

Z
= = =   (16) 

 

Time constant of circuit: 

 1 1

1 1

2,5702
0,0758 s

2 50 0,108a

L X
t

R Rω π
= = = =

⋅ ⋅ ⋅ ⋅
  (17) 

 

RMS value of the phase voltage on the fault side: 

 V
1

1 23
13,279 kV

3 3

c U
E

⋅ ⋅= = =   (18) 

 

Instantaneous value of short-circuit current: 

 ( ) ( ) [ ] ( ) ( )[ ] at

t

eIItIti
−

⋅−⋅−−⋅+−+⋅⋅= kmuumkmuk sinsinsin ϕαϕαϕαω
   (19) 

 

Peak current at three-phase short circuit: 

 ( ) ( ) ( )[ ] 0758,0

01,0

kp 59,870sin59,87001,0501802sin302,701,0
−

⋅−−−+⋅⋅⋅⋅== eiI 

   (20) 

 p 13,689 kAI =   (21) 

 

Initial symmetrical short-circuit current at three-phase 
short-circuit: 

 V
k3

1

23
5,163 kA

3 3 2,572

U
I

Z
′′ = = =

⋅ ⋅
  (22) 
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Initial symmetrical short-circuit current at line-to-line 
short-circuit: 

 V
k2

1

23
4,471 kA

2 2 2,572

U
I

Z
′′ = = =

⋅ ⋅
  (23) 

 

Initial symmetrical short-circuit current at line-to-line 
with earth short-circuit: 

 V
k2,1

1 0

0

1

4,798 kA
2

3 1
2 2

U
I

Z Z

Z
j

Z

′′ = =
+ ⋅
 

− + ⋅ + 
 

  (24) 

 

Initial symmetrical short-circuit current at line-to-line 
with earth short-circuit leaked through earth. 

 
( ) ( ) A649

62234

2
32

F01F011

1
Vk2,1E =
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⋅⋅⋅⋅=′′

RZZRZZZ

Z
UI
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Initial symmetrical short-circuit current at line-to-earth 
short-circuit: 

 1
k1

1 0 F

3 39,837
1, 253 kA

2 3 31,8

E
I

Z Z Z

⋅′′ = = =
⋅ + + ⋅

  (26) 

 

Setting the parameters of electrical circuit elements in 
ATP 

Required input values must be entered for electrical 
circuit elements. The transformer parameter settings are 
shown below. 

Input values for power lines: 

 _1 _ 2 _ 3 :R R R= =   v 1 0,025 60 1,5R R l= ⋅ = ⋅ = Ω  (27) 

 _1 _ 2 _ 3 :L L L= =   v 1 0,4 60 24X X l= ⋅ = ⋅ = Ω  (28) 

 

Input values for source: 

 Amp:   m

2 110
89,815 kV

3
U

⋅= = , 50 Hzf =  (29) 

Input values for load: 

 _1 _ 2 _ 3 :R R R= =   z 150R = Ω  (30) 

 _1 _ 2 _ 3 :L L L= =   z 24X = Ω  (31) 

 

Case 1: Ideal three-phase transformer 

In Fig. 2 is shown an electrical circuit for a case of three-
phase short circuit. For another type of fault, the circuit is 
only modified at the fault location. Since this type of 
transformer does not consider its impedance, it is necessary 
to connect the model impedance in series, in which we enter 
the transformer parameters according to previously 
mentioned. The secondary side of the transformer is 
grounded through a 10 Ω resistor. 

Line
110/ 23

LoadU

RF

Tr

S2S1

 

Fig. 2. Connection of electrical circuit in ATP 

 

Case 2: General 2-winding 3-phase saturation 
transformer (no saturation) 

Fig. 3 shows circuit with 2-winding, 3-phase saturation 
transformer, where a three-phase short circuit occur. The 
parameters for the transformer were calculated according to 
the formulas mentioned bellow. 

Line LoadU

RF

S1

110/23

S1

 

Fig. 3. Connection of electrical circuit in ATP 

 

Nominal current (related to the higher voltage side): 

 NT
2

N2

209,95 A
3

N

S
I

U
= =

⋅
 (32) 
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Total short-circuit resistance (related to the higher 
voltage side): 

 k
k2 2

N2

0,9831
3

P
R

I

Δ
= = Ω

⋅
 (33) 

 

Total short-circuit impedance: 

 
2

k N2
k2

N

34,7875
u U

Z
S

⋅
= = Ω  (34) 

 

Total short-circuit reactance: 

 2 2
k2 k2 k2 34,7736X Z R= − = Ω  (35) 

 

No-load loss resistance (lower voltage side): 

 
2
N1

mag
0

3 79,35 k
U

R
P

= ⋅ = Ω  (36) 

 

No-load resistance Rmag is designed for wye-winding 

(winding 1) using U1 (voltage at winding 1) and 0

3

P  (single-

phase losses) (see Fig. 4). 

 

Fig. 4. 2-winding, 3-phase saturation transformer with zero-sequence 
component of magnetization inductance 

In fact, the total short-circuit impedance is distributed 
unevenly between the primary and secondary windings. Here 

is the ratio 4
1  for 

2k

1k

Z
Z

. The required data for the STC model 

(see Fig. 4) can be determined from the above values: 

 

 

Winding 1: connected to Y (with voltage of 23

3
kV ) 

Winding 2: connected to Y (with voltage of 110

3
kV ) 

 
2

1 k22

23
0,2 0,008596

110
R R= ⋅ ⋅ = Ω  (37) 

 
2

1 k22

23
0, 2 0,304

110
X X= ⋅ ⋅ = Ω  (38) 

 2 k20,8 0,78648R R= ⋅ = Ω  (39) 

 2 k20,8 27,8189X X= ⋅ = Ω  (40) 

 

The transformer is 3-legged stacked core type, so the 
homopolar magnetization resistance is high and 

0 k

1k
0,85 1X

X = ≤ . The zero-sequence component of 

magnetization inductance L0mag (on the lower voltage side) 
required for the STC model is to be retrospectively 
determined. 

An equivalent circuit for the zero-sequence component of 
the transformer, related to the higher voltage winding, is 
given in Fig. 5. 

 

Fig. 5. Equivalent circuit for L0mag calculation 

 

In Fig. , 1R′  a 1L′  are the winding impedances on the 
lower voltage side and are related to the higher voltage 
winding. When determination of L0mag, the resistances 1R′  

a R2 are neglected because 1 1R X′ ′<<  and 2 2R X<< . 

 1 k20, 2 6,95472X X′ = ⋅ = Ω  (41) 

 
0mag 0k 2 1

1 1 1

X X X X
= +

′ ′−
   0mag 1,391X ′ = Ω  (42) 

 
2 2

0magN1
0mag 2 2

N2

23 1,391
0,19367 mH

2 50110

XU
L

U ω π
′

= ⋅ = ⋅ =
⋅ ⋅

 (43) 

(related to the winding on the lower voltage side) 
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EMTP-ATP also expects the value of magnetic resistance 

R0 with the unit as input of H
kV2

: 

 
2 2
N1

0
0mag

kV
910483

3 H

U
R

L
= =

⋅
 (44) 

 

Finally, the linear magnetization inductance for the 
SATURA branch can be defined using the first pair of data 
(0.412 A, 18584 V) from the positive-sequence component 
measurement by specifying current I and flux (steady state): 

 2 0,412 A 0,5827 Ai = ⋅ =  (45) 

 2
83,7 V s

Uψ
ω

⋅= = ⋅   (note: [V⋅s] = [Wb]) (46) 

 

Case 3: General 2-winding 3-phase saturation 
transformer (with saturation) 

The connection scheme in the ATP and the input values 
for this type are the same as the previous type (Case 2). In 
addition, the saturation curve (Fig. 6) according to Table 1 is 
entered. 

 

TABLE I.  INPUT VALUES FOR THE SATURATION CURVE 

I [A] RMS U [V] RMS 

0.412 18584 
0.492 20677 
0.723 23046 
1.084 24262 
2.269 25691 

 

 

Fig. 6. Plotting of saturation curve 

Case 4: Transformer of BCTRAN model 

The electrical circuit for the three-phase short-circuit is 
shown in Fig. 7. In this type, we also enter values from 
measurements according to Fig. 8. 

Line LoadU

S1 S2

 

Fig. 7. Connection of electrical circuit in ATP 

 

Fig. 8. Plotting of magnetization curve 

III. COMPARISON OF THE RESULTING SHORT-CIRCUIT 

CURRENT VALUES 

The resulting values obtained from the simulations and 
calculations are given in the following Table 2. From the 
resulting waveforms, it is possible to determine peak current 
values and maximum short-circuit current values for various 
types of short-circuits. In simulations, it is assumed that the 
short circuit occurred at 0.1 s. Thus, the peak current was 
expected at 0.11 sec. The maximum values of steady-state 
short-circuit currents were re-calculated to RMS values and 
put in the Table 2. 

TABLE II.  RESULTING VALUES OF SHORT-CIRCUIT CURRENTS 

Short-circuit 
type 

3-ph 
 

A-B-C 
 

pI [A] 

3-ph 
 

A-B-C 
 

k3I ′′ [A] 

2-ph 
 

B-C 
 

k2I ′′ [A] 

2-ph-E 
 

B-C-N 
 

k2,1I ′′ [A] 

2-ph-E 
 

B-C-N 
 

k2,1EI ′′ [A] 

1-ph 
 

A-N 
 

k1I ′′ [A] 
Transformer 

type 

Calculated 
values  13689 5163 4471 4798 649 1253 

Ideal transf. 
(TRAFO_I3) 

13638 5164 4470 4785 649 1252 

Transformer 
GENTRAFO 

(no satur.) 
13705 5165 4469 4786 648 1247 

Transformer 
GENTRAFO 
(with satur.) 

13609 5280 4470 4785 646 1256 

Transformer 
BCTRAN 13706 5166 4472 4787 647 1250 
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IV. CONCLUSION 

For the particular types of faults (three-phase, line-to-
line, line-to-line with earth and line-to-earth short-circuit), 
the fault currents during the operation of power system using 
of different transformer models available in EMTP-ATP 
were examined in the this paper. 

The resulting values obtained by calculation correspond 
most to the ideal three-phase transformer, in which only the 
transformer ratio and the effective impedance with calculated 
transformer parameters were entered. 

However, the BCTRAN and GENTRAFO transformers 
are the most appropriate for the real situation. It is because 
for these types we entered several parameters obtained from 
measurements, such as type of transformer core, type of 
connection and phase shift, but especially values obtained 
from transformer tests (no-load and short-circuit 
measurements for positive-sequence or possibly zero-
sequence component) or parameters were entered on the 
basis of calculations. 

The recorded fault current values were compared with the 
calculated values given in Table 2. 

For all types of faults, the simulation deviations from the 
calculated values were minimal for all transformer models 
used (less than 0.5 %). 

The minimal differences in these values confirm the 
qualities of the EMTP-ATP program, which can be used as a 
reference for calculations of a similar kind. 

The use of computer technology to solve transient 
phenomena with suitable software is an advantage that 
allows to improve the overview of the conditions and 
situations in the power system. It is thus possible to obtain a 
clear idea of the function of individual components of the 
solved electrical networks and thus of the influence of a 
particular component on the behavior of the network as a 
whole. This knowledge can be extended by examining 
networks under changed conditions of global parameters, but 
also parameters valid for individual elements of the studied 
circuits, which is advantageous especially for large circuits. 

The use of the EMTP-ATP program may already be 
directly in the projection and designing, where the proposed 
solutions can be verified in advance both in steady-state 
operation and in simulation of transient phenomena. An 
indisputable advantage is to get an almost instantaneous 
overview of the sizes, waveforms and frequencies of currents 
and voltages in any branch and network node. The program 
also allows obtaining power values in nodes and elements of 
the modeled circuit. The results when simulating transient 
phenomena in the form of short-circuit currents or 
overvoltage sizes can be used to design current or 
overvoltage protections. The program can also be used to 
investigate the stability of the power system, for example, so 
that circuit simulation results can be input for other 
computing programs that already offer static or dynamic 
stability calculation. 
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