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Abstract This paper focuses on the topic of the input impedance of static power inverters, which is a crucial parameter
for controlling and regulating power inverters in rolling stock. The standard UIC 550-3 specifies the requirements for the
input impedance of static power inverters used as auxiliary drives on rolling stock.
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1. Introduction

This paper deals about the input impedance of static power
inverter is a critical parameter for control and regulation of
power inverters in rolling stock. UIC 550-3 is the standard
that specifies the input impedance requirements for static
power inverters that are used as auxiliary drives on rolling
stock. This document specifies that the input impedance of a
static power inverter must meet certain criteria to ensure
reliable operation and minimise power losses. In this article,
we will discuss the importance of input impedance for static
power inverters used as auxiliary drives for rolling stock
according to UIC 550-3 and its impact on overall system
efficiency.

2. Input impedance of the inverter

The input impedance of an inverter is given by the ratio of
the input voltage of a given frequency that is injected to the
DC signal to the current of a given frequency that the inverter
draws. Zi(f) = Ui(f) / li(f) when the inverter is supplied with
DC power. The UIC 550-3 standard prescribes the minimum
impedance of an inverter for a particular frequency. Figure 1.
shows a plot of the dependence of the required minimum
input impedance (ZI) for a particular frequency. The graph
shows that, for example, for a frequency of 50 Hz, the
minimum required frequency is 80 Q , Figure 1.
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Figure 1. Dependence of the minimum required impedance of the
converter for a particular frequency.

2.1. Inverter input impedance measurement technique

The input impedance (ZI) value was measured using the
circuit shown in Figure 2. The input impedance was
measured on a JN3029/400 high voltage inverter, which was
configured as a JN3028 inverter. In the JIN3029 inverter, the
charger was disconnected from the intermediate circuit and
the inverter was configured the same as in the JN3028
inverter. The auxiliary inverter was connected to the high
voltage source Al. The injected voltage of the de-sired
frequency was generated by the SN31-680/400 inverter. The
total input current of the inverter, was measured using a
current transducer. The AC component of the input current
was measured using a Rogowski coil type Rocoil. The coil
was connected to a Rocoil type integrator. The input voltage
of the converter was measured using a high voltage probe.
All measured voltages and currents were evaluated using the
SIRIUS measurement system. The data from the SIRIUS
measurement system was evaluated by the DAWEsoftX
software running on a Lenovo laptop. The HV inverter was
loaded with a three-phase inverter only. The inverter fed an
asynchronous three-phase motor. The motor was connected
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to a dynamometer, which was used to load the motor with a
constant torque of 100 Nm.
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Figure 2. Block diagram of input impedance measurement of auxiliary
converter JN3029.

The first step was to measure the impedance of the inverter

without any intervention in the inverter hardware or software.

The aim of the measurement was to find out what values of
input impedance (ZI) the inverter achieves without
modification of the control software. Figure 3. shows a plot
of the dependence of the input impedance (ZI) on the
frequency of the injected signal, where the limiting
impedance values for each frequency are marked in red, the
maximum measured values are marked in blue, and the
minimum measured values are marked in brown.

From Figure 3. it can be seen that the input impedance of
the converter is below the required limit in almost the entire
frequency band of 40 Hz - 10 kHz. The impedance is above
the limit only for injected frequencies above 3500 Hz, see
Figure 3. The task of modifying the control program was to
adjust the control of the high voltage (HV) converter so that
the value of the input impedance (ZI) is always above the
desired limit. The control method, including the necessary

hardware modifications, is described in the following chapter.

Ingut impedance

Figure 3. Dependence of input impedance on frequency of injected
signal.

2.2. Inverter control method to increase the input
impedance of the inverter

The standard control of a high voltage (HV) inverter
consists of two main control members. The first is the
D_shift controller, which determines the action of a given
control member based on the voltage in the first intermediate
circuit (Udc_refl) and the input voltage Ui_shift. The second
control member is a pair of Pl controllers connected in series.
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The first PI controller determines the reference value of the
input current based on the actual and the desired value of the
second intermediate circuit. The second PI controller, based
on the given reference and actual input current, calculates an
action for the given control member. The action hits from the
two members are summed and the result is fed to the PWM
modulation input. The resulting pulses from the PWM block
directly drive the individual IGBT control transistors of the
inverter. A schematic of the inverter control, without input
impedance (ZI) compensation, is shown in Figure 4.

Figure 4. Schematic of inverter control without input impedance
compensation.

The modification of the control of the HV converter
consisted of modification of the control software and
hardware modification of the analogue input board. It was
necessary to replace the filter capacitor on the analog input
board, on the AIO input. The originally fitted capacitor with
a capacitance of 4.4 puF was replaced with a capacitor with a
capacitance of 470 nF. The reason for the replacement was
the need to evaluate the injected signal up to a frequency of
5000 Hz. The originally fitted capacitor caused a high
attenuation of the amplitude of the injected signal already at
a frequency of about 850 Hz. The modification of the control
software consisted of two main steps. The first step was the
modification of the Ui_shift signal generation. The AC
(injected) component of the DC signal undergoes the signal
adjustment. It was first necessary to extract the AC (injected)
portion of the input voltage from the signal, thus obtaining a
signal that contains only the AC (injected) component of the
input voltage. The frequency and the effective value are then
determined from the signal. Based on the data obtained, the
amplitude of the signal is changed and the signal is shifted
along the time axis. The effective value of the input voltage
is added to the signal thus modified.

The resulting signal is then the Ui_shift signal, which is
applied to the D_shift input of the controller. See. Figure 5.
Block diagram of the inverter control in the case of active
input impedance (ZI) increase. The second step is to add a
controller for the AC component of the input current. In this
case, it is a PI controller that modifies the control so that the
AC component of the input current is zero. Similar to the
signal conditioning for the D_shift controller, the AC
component of the input current must first be obtained. The
given signal is then applied to the input of the PI controller
where the desired value for the given signal is zero. Unlike
the D_shift controller, which operates over the entire
frequency range of the input injected signal (40 - 5000 Hz),
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the given PI controller operates only when the frequency of
the injected signal is less than 700 Hz. Figure 5. shows a
block diagram of the inverter control in the case of active
input impedance (ZI) increase. The above modifications
represent a third control term, which is active only in the case
of a DC voltage at the inverter input and only if the program
detects an injected voltage at the inverter input. Figure 6.
shows a schematic of the control with the above third control
element, which is divided into two parts.
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Figure 5. Block diagram of inverter control in case of active input
impedance increase.

Figure 6. Schematic of inverter control in case of active input impedance
increase.

As shown in Figure 6 the control program of the HV
converter varies the parameters kO - gain of the injected
signal, kp - PI controller parameters of the zero ac component
of the input current (ki = 0.015 for all frequencies of the
injected signal), N_shift - the shift parameter of the injected
signal along the time axis, and NrSampleShift, according to
the frequency of the injected signal where : NrSampleShift =
V4 of the period of the injected signal converted to the number
of samples. The correct values of the above parameters were
obtained experimentally for each frequency. The obtained
results, including the minimum and maximum impedance
values for each frequency will be presented in the next
section.

2.3. Measurement Results

Experimental results kO - gain of injected signal, kp -
parameters of Pl controller of zero alternating component of
input current, N_shift - parameter of shift of injected signal
along the time axis proceeded as follows. The diagnostic

program of the HV inverter allowed to change individual
parameters. The input impedance was measured according to
the circuit shown in Figure 2 and the value was available
immediately when the parameters were changed. By the
given procedure it was possible to detect immediately the
influence of the change of individual parameters on the input
impedance. During the experiments, the value of only one of
the parameters was changed each time and the effect of the
coefficient on the input impedance (ZI) value was evaluated
based on the input impedance (ZI) measurement. The
experiment was terminated when the input impedance (ZI)
was reduced by changing the parameter. A summary of the
results of the above parameters for each frequency is given
in Table 1. Table 1 also shows the results of the minimum
and maximum impedance.

Table 1. Summary of results of individual parameters for each frequency.
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Figure 7. Dependence of the minimum and maximum input impedance on
the frequency of the injected signal.

Figure 7 shows a summary of the results achieved. The red
waveform represents the limiting values of the input
impedance for each frequency. The blue waveform
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represents a summary of the minimum input impedance
values that were measured in the experiments with the set
parameters for each frequency. The brown waveform
represents the sum of the maximum input impedance values
that were measured in the experiments with the set
parameters for each frequency. From Figure 7, it can be seen
that the achieved input impedance values, for the individual
frequencies, are above the required limits for the individual
frequencies. The highest input impedance was measured
when the frequency of the injected signal was 2100 Hz
whereas the closest to the allowed limit was the input
impedance when the frequency of the injected signal was
4000 Hz (44.5 Q above the limit).

All experiments were performed at one input voltage level,
approx. 1550 V and one loaded HV inverter, the inverter
input current li approx. 13A. For the injected signal
frequencies of 50 Hz, 75 Hz,100 Hz, 200 Hz and 3100 Hz,
the effect of load variation on the input impedance was also
experimentally measured so that the input impedance was

measured with the same parameter set at three different loads.

The results of the given measurements are shown in Table 2,
3, 4, 5 and 6. Where li is the effective value of the input
current and the note shows the value of the motor load that
was connected to the inverter.

Table 2. Measurement of the effect of load variation on the input
impedance of the inverter for Uinject = 50 Hz.

ka]| M_shitp | keQ | Zimin | Z'max | L[Al | Foznamka
71 [?]

105  Teer = 128 T= S 50 Hm

105 leer B Z7 1= 120 | 100 Hm

R 3 T8 = 85 | 150 Nm

Table 3. Measurement of the effect of load variation on the input
impedance of the converter for Uinject = 75 Hz 3. Page Style

ko [ N_shift [] k0| ZImin Zimax | k[A] |Poznamka
[ (8]}
1,050 16668 85 220 231 89 50 Nm
1,050 1,667 85 203 215 13,8 100 Nm
1,05 16674 85 180 190 197 150 Nm

Table 4. Measurement of the effect of load variation on the input
impedance of the converter for Uinject = 100 Hz.

ko [l N_shift[] | ke[ | Z2imin | Z'max | VAl | Poznamka
L1} [

1,328 16674 849 298 322 85 50 Nm

1,328 1,6675 849 306 429 135 100 Nm

1,328 1.6672 849 an 417 19,3 150 Nm

Table 5. Measurement of the effect of load variation on the input
impedance of the converter for Uinject = 200 Hz.

kel N_shift kel | 21 min 21 max L [A] |Poznamka
L] [
1,250 1,1486 749 | 561 BOS B9 50 Mm
[1.2a8 1,1500 49 | 982 1654 125 104 Nm
1,2490 11489 740 | TO5 1558 19,0 150 Nm
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Table 6. Measurement of the effect of load variation on the input
impedance of the converter for Uinject = 3100 Hz
ke ) N_shift [ k0| Zimin Z1 max L[A) | Poznamka
Q) Q)

0,9 0,04820 10 | 274 327 85 50 Nm

09 0,04820 10 | 623 (1002 [135 |100Nm
[T09 0,04820 10 ‘ 575 |781  |193 | 150 Nm

The effect of load variation on the input impedance for the
other frequencies has not been investigated. The load for the
remaining frequencies was about 13 A of input current. The
motor connected to the inverter was always loaded with a
torque of 100 Nm. Also, the impedance was not measured if
the injected signal had a frequency outside the value given in
Table 1. The given experiments were not performed due to
their high time requirement. Example: Frequencies in the
range 50-4000 Hz in steps of 5 Hz at 5 load levels will give
a total of 3950 experimental measurements. Which with a
time requirement of approx. 1 hour per measurement is 3950
hours = approx. 526 working days = approx. 24 months of
work on experimental measurements alone.

3. Conclusions

As presented in the previous chapter, by actively controlling
the input impedance, it was possible to increase the input
impedance of the HV converter above the required limit. All
the experiments of changing the coefficients, as described in
the previous chapter, were performed only for the
frequencies listed in Table 1. If the frequency of the injected
signal is between the values in Table 1, the values for that
frequency are calculated by selecting the next higher value
and the next lower value from Table 1 and fitting a straight
line through the given parameters. In other words, the next
higher value and the next lower value are used for the linear
substitution. The given procedure is used to determine the
coefficients "a" and "b" of the formula "y = a*x+b", where
"x" is the input frequency of the injected signal and "y" is the
value of the parameter we need to determine. The control
program of the HV inverter has been modified according to
the results and is archived as version R0O00067_02 for the
needs of the JN3028.x inverter.
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