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Abstract— The paper shows the present results of a long 
term research work. The authors are working on the 
modeling of penetration of harmonics caused by the 
railways. 

The paper titled “Advanced Calculation Method for 
Modeling of Harmonic Effect of AC High Power Electric 
Traction” presents the combination of frequency and time 
dependent model. To calculate the sophisticated model of 
the electric locomotive as a non-linear load a time dependent 
model must be used. This paper describes the locomotive 
models of the modeling software. 

Index Terms— Computer simulation, harmonic effect, 
power quality, traction supply systems. 

I. INTRODUCTION 
The electric railway is in a competition with other 

possibilities of transportation. The locomotives became 
faster and faster and in consequence their power is 
growing as well. The high power locomotives pollute the 
supply system with harmonics. In order to ensure the 
voltage quality of the whole energy system, it is necessary 
to reduce this pollution. 

The high power locomotives pollute the supply system 
with harmonics. The locomotive can be considered as a 
fundamental frequency consumer and a harmonic current 
source. Like the other harmonic sources in the power 
system the loco could disturb the voltage shape and 
quality of electricity supply. 

More kind of simulation models has been investigated 
calculating the harmonic effect of the electric traction. In a 
former paper [1] a detailed model of the traction system 
was discussed in frequency domain. Two years ago a new 
high computational efficiency model has been presented 
for an Italian configuration [11]. The other paper of the 
authors presents the so called double domain simulation 
which is discussed for the Hungarian 25 kV AC traction 
supply network. In the following sections the modeling of 
the Hungarian locomotives are presented, the detailed 
introduction of the V43 and V63 type engine are reported. 
Finally some calculation results have been published. 

II. MODELING LOCOMOTIVES 
To calculate the sophisticated model of the electric 

locomotive as a non-linear load a time dependent model 
must be used. Like by the traction system model in the 

other paper ATP-EMTP was used for modeling the 
locomotives. 

In the time domain the model is calculated by its 
differential equations. These calculations are originated 
from the real characteristic of active elements and the time 
function of series and shunt reactors and capacitors. It 
affects a computing intensive model, and the final results 
are decayed time functions. Our calculates are dealing 
with not the transient fluctuation of locomotive current. 
The currents could be considered in the steady state after 
calculating for more periods of 50 Hz supplying voltage. 
After the first results it is determinable that the 
calculations must be continue till at least 5 periods, for 
100 ms. We consider the last period in 150 ms (130 ÷ 150 
ms). Finally it determines the current spectrum of the 
engine in function of the distorted supply voltage. 

The block diagram of the locomotive could be seen on 
Fig. 1. Most of the Hungarian locos have DC traction 
motors. The easiest way to model it by a static 
representation consisting it’s main field inductance, 
armature and commutating pole resistance and emf. 

III. THE MODEL OF V43 TYPE LOCOMOTIVE 
The V43 type is the biggest scale (75 % of electric 

loco’s) used electric engine in Hungary. (Both the 
Hungarian Railways Co. and the Gy�r-Sopron-Ebenfurt 
Railways Co. has got V43 locomotives.) This is an 
universal loco with 2220 kW power and 130 km/h 
maximal speed. [9] 

The main circuit of the locomotive can be studied on 
Fig 2. This figure contains all the elements are necessary 
for the steady state representation. [7] 

 
Fig. 1. Block diagram of Hungarian DC locomotives 



A. The elements of the locomotive 
1) The main transformer A special transformer (look at 

in Fig. 3) with two coil systems has been installed into the 
engine room. The first system – housed on the leg “A” of 
the core in Fig. 3 – has got a fixed voltage ratio 
25/1.5/0.25 kV/kV/kV. It feeds the 1.5 kV heating system 
and the 250 V auxiliary system (e.g. lightning, heating of 
the loco cabin, cooling system of the engine). The other 
system has got adjustable primary voltage 22.5/1.4/1.4 
kV/kV/kV transformer (leg “C” in Fig. 3). It feeds the 
traction motors, the primary voltage (22.5 kV) could be 
adjusted by the switchgear discussed in Chapter III.B. The 
whole system could be considered as multiple parallel 
transformers feeding the different systems. [6] 

For steady state calculations it is enough to attend to the 
leakage reactance which represents the serial loss of the 
transformer. The power of the traction grindings are 1575 
kVA, a usual leakage loss is 0.02 �, the reactance is 0.4 
mH. 

2) Switchgear. There are 28 tap points on the primary 
grindings of the main transformer (1st coil on Fig. 3). The 
switchgear is the engine adjusting device of V43 type 
locomotive, the changes between two taps are done with 
it. On the secondary grindings the voltage could be vary 
from 0 to 1400 V in 28 equal steps. [6] [7] 

3) Rectifier units. Two rectifier units are feeding the 
two traction motors through a series reactor. The rectifier 
units are single phase double-way diode bridges. The 
simplified circuit is presented in Fig. 4. 

The voltage level of the motor needs 4 series and the 
high current level needs 8 parallel diodes in each bridge 
branch, there are 128 pieces of diodes in each rectifier 
unit. [6] 

In the ATP modeling software it could be represented 
with one joint diode where the series loss and the parallel 
R-C elements are also joint. The voltage drop of one diode 
is 1,15 V [6], so the joint series loss could be determined 
as 2,2 m�. 

 
Fig 3. The main transformer 

 
Fig. 2. Simplified main circuit of V43 type locomotive 



4) Series reactor. There is a series reactor connected to 
the DC output of each rectifier units. This ripple filter 
choke decreases the ripple of the DC current. It’s 
inductance is rather high, 6 mH, and it’s series lost is 71,5 
m�. [6] 

5) Traction motor. The traction motor has got series 
excitation. It is working on the switchgear adjusted 
voltage (0 ÷ 1400 V). The power of each motor is 1100 
kW, and there are two pieces connected direct to the two 
live axles of the locomotive. [6] 

The engine could be represented with a simple R-L-Vp 
model (Fig 5) consisting its series excitation, its main field 
inductance, armature and commutating pole resistance and 
emf. The R, L, and emf values could be calculated after 
the known power. [2] 

B. The simplified locomotive model 
After preparing the elements of Chapter III.A, the 

simplified model of locomotive could be combined. This 
model contains all necessary elements calculating the 
current of a simplified loco with one traction motor. (Fig. 
6) 

There is a Thevenin-generator in the model inserting 
the voltage spectrum calculated by the traction supply 
system model. The series impedance of this generator is in 
connection with the joint impedance of the traction supply 
system calculated in the contact point of the locomotive. 

C. Other elements of the locomotive 
1) 2nd traction motor. The second traction motor is the 

same detailed in Chapter III.A. It is acceptable duplicating 
the 1st motor with all necessary units (transformer 
grinding, rectifier unit, series reactor) and connecting 
parallel to the Thevenin generator. 

2) Heating. The heating circuit of the whole train 
supplied from the 1500 V coil of the main transformer. 
The heating capacity of V43 locomotive is 790 kVA, it 
can be represented by a resistor (2,89 �). 

3) Auxiliaries. The auxiliary system is supplied from 
the 250 V coil of the main transformer. The total power is 
no more than 60 kVA, it could be represent by a fixed 
power consumer. 

For the whole V43 locomotive model the heating and 
auxiliary system should be connected parallel with the 
motor’s circuit by the Thevenin-generator through their 
own coil systems. 

IV. THE MODEL OF V63 TYPE LOCOMOTIVE 
The V63 type locomotives (11 % of electric loco’s) are 

specialized for heavy freight trains and fast passenger 
trains with 3600 kW power and 120-160 km/h maximal 
speed. [9] 

The main circuit of this locomotive can be studied on 
Fig. 7. [8] 

A. The elements of the locomotive 
1) The main transformer. A transformer with seven 

coils has been installed into the engine room. The fixed 

 
Fig. 4. The rectifier unit in ATP 

 
Fig. 5. The traction motor representation model in ATP 

 
Fig. 6. The simplified V43 model with one traction motor 

 
Fig. 7. The simplified main circuit of V63 type locomotive 



voltage ratio is 25000/4*568/1534/284 V/V. The 25 kV 
coil is the primary connecting direct to the pantograph. 
The 568 V grindings feed the rectifier units, the 1534 V 
coil feeds the heating and the 284 V coil feeds the 
auxiliary system. [8] [9] 

Like the main transformer of V43 loco, it can be 
represented by parallel transformers. 

2) Rectifier units. The DC motors are feeding through a 
series reactor by two-two series connected semi controlled 
rectifier bridge (Fig. 8). The voltage level of DC motors 
could be controlled by the firing angle of the thyristors, 
the bridges are follow-up controlled. [8] 

3) Series reactor. There is a ripple filter choke 
decreases the ripple of the DC current. It’s inductance is 
2,4 mH, and it’s series lost is 28,6 m�. [8] 

4) Traction motor. There are six DC motors in the V63 
locomotive, one for each axles. The two-two series 
connected rectifier bridges feed three-three parallel 
connected traction motors. The motors have got 
compound excitation (both series and external). [8] 

The representation method is the same like in Chapter 
III.A.5) 

5) Heating and auxiliaries. The heating and the 
auxiliary systems are connected to the network like in V43 
locomotive. The maximal capacity of the heating system 
is 890 kVA. The auxiliary system has got more units, 
because of the fire angle controlled thyristors and the 
compound excitation of the motors. The total power of the 
system is 312 kVA. 

V. CALCULATION 
The calculations of this chapter are made by pure sine 

feeding voltage. The real disturbed supplying voltage 
spectrum could be determined after the iteration algorithm 
of the other paper. 

A. Simplified V43 model 
After making test calculation (Fig. 9 & 10) the 

following consequences could be noticed: 
• The locomotive is a rather inductive consumer, the 

phase angle is almost 180 degrees. 

• There is an operating point with transition current 
on Fig. 10; because ofs high pole voltage at this 
calculation. It is possible to make calculations in 
other operating points by adjusting the transformer 
voltage ratio. 

• The affection of ripple filter choke could be 
studied, the high frequency component get almost 
neglected. 

B. V43 model 
There is no significant difference between the 

simplified and whole model shapes if the heating system 

 
Fig. 8. The rectifier unit of a V63 type locomotive in ATP 

 
Fig. 9. Simplified V43 pantograph voltage and current 

 
Fig. 10. Simplified V43 rectifier bridge voltages (positive and 

negative output of the bridge of diodes) and motor current 

 
Fig. 11. V43 pantograph voltage and current – heating system is off 

 
Fig. 12. V43 pantograph voltage and current – heating system is on 



is off (Fig. 11). The affection of the auxiliary system can 
be neglected. 

The heating system is a resistive unit with pure sine 
current shape. Although all other element’s currents are 
the same in Fig. 11 and Fig. 12 there is big difference in 
the joint current shape by the pantograph. 

C. V63 model 
The V63 model could be tested by different fire angles. 

For the test calculations the upper bridges are fully driven, 
the lower bridges have got 30 degrees fire angle. (Fig. 13 
& 14) 

Both V43 and V63 calculation results are agreeable to 
the results of site measurements by the same network 
configuration. It allows them using in double domain 
simulation method are detailed on the paper titled 
“Advanced Calculation Method for Modeling of 
Harmonic Effect of AC High Power Electric Traction”. 

VI. FUTURE DEVELOPMENT POSSIBILITIES 
There are two more type of locos used by the 

Hungarian Railways Co. and Gy�r-Sopron-Ebenfurt Co.  

A. The V46 Type Locomotive 
The V46 type engine (12 %, rated power: 820 kW, 

max. speed: 80 km/h) is a shunt locomotive, and represent 
the up-to date technology among the locomotives 
supported by DC motors. [9] 

B. The 1047 Type Locomotive 
The 1047 type locomotives (3 %, rated power: 6400 

kW, max. speed: 200 km/h) are the newest ones in 
Hungary, it has got asynchronous AC motors with IGBT 
rectifier and inverter bridges. It must be marked that this 
kind of locomotives could be not modeled as a 
conventional harmonic current generator, because the ac 
side rectifier is basically a voltage source type and the 

engine can run with arbitrary power factor and the 
statement of Chapter IV.A [10] is not valid in this case. 

C. Electrical Multiple Units 
After the present modeled locomotives it must be 

studied the so called electrical multiple units (3 types, 
altogether 25 vehicles, rated power: 1420-1755 kW, max 
speed: 120 km/h), and should not forget the locos are 
running into Hungary from the neighbor countries, too. [9] 

After all kind of engines have been modeled, wide scale 
of locomotive and traction system configuration can be 
studied regarding their harmonic disturbance. 

VII. CONCLUSION 
The importance of this paper indicates that its topic is in 

connection with one of the priorities of the Hungarian 
State Railways. This is the project of planning 
compensation and harmonic filtering to the railway 
substations to reduce the distortion, resulting in decrease 
of losses, it means energy saving. 
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Fig. 13. V63 pantograph voltage and current 

 
Fig. 14. V63 DC circuit voltage and current, motor current 


