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 1 Contract Details 

The details of this contract (assignment) can be found in the report's Master document [1]. 
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Nevertheless, in accordance with DIN VDE 0100-410 Section 411.6.1, precautions must be taken to 
avoid the risk of dangerous pathophysiological effects on a person in contact with simultaneously 
touchable bodies in the event of two faults occurring simultaneously. 
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6 Power supply 

As described in section 2 "Information on the report", the power supply was realized for phase III and 
IV by a 24VDC/400VAC inverter. Following an investigation of the variants available on the market, a 
Premium inverter suitable for rolling stock usage was selected and made available to the project. The 
inverter model ODX-6000-7503 generates an isolated output (no isolating transformer required for 
galvanic isolation) with 3-phase alternating voltage from the 24VDC battery voltage, which can also 
generate sufficient power in 1-phase operation. This continuous operation in unbalanced load mode 
was clarified with the manufacturer and approved for the application.  

 

 
Figure 18: Schematic diagram of the power supply 

 

For safe disconnection of the 400VAC supply, the system was installed as shown in the diagram at 
Figure Figure 18. The release of the contactor requires a message from the IMD device that the min-
imum insulation resistance is maintained, and that the series-connected key-operated switch is in the 
"ON" position (permission to operate the key-operated switch was restricted a qualified electrician 
familiar with the project and the test manager). 

In each freight car switch cabinet of the demonstrator train, the 24VDC supply for data communication 
and measurement hardware was provided locally from the 400VAC system by means of a Meanwell 
power supply unit (TDR-480-24).  
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6.1 Properties of voltage and current of the power supply 

As is to be expected when using electronic power supply units, a significant harmonic component of 
the current was measured through a spectral analysis of the supply system. With a THD of approxi-
mately 50 %, the effect on the power factor is significant and must be taken into account for future 
calculations of the (apparent) power. 

 

 
Figure19 : Voltage between L1 / L2 and corresponding current 

 

 

 
Figure20 : Spectral analysis of current 

 

The ratio between active and reactive power remained basically unchanged for all runs, as the load 
on the individual cars is the same (and only the quantity and sequence of loads changed), which was 
to be expected. The power supply units used are loaded with approx. 60W, well below their rated 
power of 480W. The power factor was measured stable at approx. 0.725, whereby the higher 
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Figure22 : Power at the inverter, specimens measured without UPSs 

 

In comparison to Figure21, the same power factor can be seen as expected in Figure22 at a low power 
level. The UPSs were separated from the car batteries during this measurement run in order to leave 
the dominant peaks caused by them (e.g. in Figure21 ) out of consideration. 
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Figure23 : Voltage, current and power factor at the inverter, 1.2[kHz] measurement frequency 

 

The voltage and current of the system during travel can be seen in Figure23. These results are com-
parable with the measurement in Figure19, which was made in stationary operation using a multimeter 
and a much higher frequency of the measurement. 

The shift in current and voltage, the strong harmonic distortion of the current, and the resulting power 
factor can be seen again in the figure. 
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No interruption in voltage or current was detected for the journey from Minden to Rostock on 
01.02.2024: 

- Section from 08:57 to 09:57 

 

 
Figure25 : Current during measurement run 01.02.2024 

 

The UPS installed in each wagon switches periodically and causes a peak in the current after each 
(approx.) 60 seconds. This is inherent to the operation of the UPS and can be regarded as "noise" 
when evaluating the power system.  

 

 
Figure26 : Current during measurement run 01.02.2024, 50 sec/div 
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The following diagram clearly shows how the current gradually decreases in each car as connected 
further away from the source. The peaks caused by the UPS add up and become increasingly signif-
icant in the direction of the measurement car (car Z375 at the front, car E261 last). According to the 
manufacturer of the inverters, an output ripple of up to 2.5 % is to be expected. We see a ripple in the 
RMS value of the current with a period of approx. 3.4 seconds. 

 

 
Figure27 : Currents during measurement run 01.02.2024, 10 sec/div 

 

Figure28 shows the voltages of selected cars and the two largest currents. The small difference in 
voltage between the measuring points with the shortest (Z375-5) and longest (E261-0) distance to the 
power supply is remarkable. This corresponds to a voltage drop along the train of approx. 1%. This is 
a considerable better result than the test runs under 110Vdc, as expected. 

 
Figure28 : Selected voltage and current during measurement run 01.02.2024, 10 sec/div 
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- Section from 10:27 to 11:57: 

The comparison of the current curves allows the rough localization of current peaks. Here, after ap-
prox. 1808 seconds (marked in red) a current increase can be seen behind the car with the 4th meas-
uring point (seen from the locomotive/measuring car), and after approx. 1862 seconds (marked in 
purple) much closer, behind the first measuring point (in this run the E375 car). 

 
Figure29 : Different localization of current events along the train classification 

 

The voltage profile in Figure30 is again very stable, with a voltage drop of approx. 1 % along the train 
configuration. The current increase after approx. 1862 seconds (marked in blue) only affects the cur-
rent of the measuring point closer to the source, but the voltage of the entire train is affected. 

 

 
Figure30 : Current peaks and their influence on the voltage 
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- Section from 12:27 to 13:57  

Even under load peaks, the system continued to operate normally, and the voltage remained stable. 
In Figure31 the highest and lowest measured voltage curves can be seen at the top. The last meas-
urement point in this train configuration was car E261-0, which was affected by a loose contact to the 
voltage transformer on the day of the measurement, which is why only the current measurement is 
available.  

 

 
Figure31 : Time-limited increase in current and its effect on voltage 
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Several measurement runs were also performed during calendar week 8 (2024), all without any iden-
tified interruption of current or voltage.  

Some examples are: 

 

- 19.02.2024 from Kornwestheim to Lippstadt, section 12:22 to 14:11 

During this trip, the UPS on the freight car was disconnected to eliminate the effect of the constant 
switching. An increased distortion of the effective value of the current was observed.  

 

 
Figure32 : Currents during the measurement run on 19.02.2024 
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-   20.02.2024, different sequence of freight cars, section from 9:12 - 11:47  

In Figure33 the currents of a new configuration of the train are shown (order of cars, detailed list of 
each train configuration can be found in[1]) as well as the voltages from the first and last measuring 
point. The voltage drop is again very low.  

 

 
Figure33 : Voltages and currents during the measurement run on 20.02.2024 
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