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Abstract – This paper proposes an optimal damping control algorithm of the DTI (Direct Two-level 
Inverter) to miniaturize and reduce the weight of auxiliary power supply for railway vehicles. The 
conventional auxiliary power supply for railway vehicles uses a DC-DC converter to maintain the 
inverter input power from the line voltage smoothly. The proposed topology does not use a DC- DC 
converter for reducing of manufacturing and maintenance costs. It also proposes a DTI topology 
removed damping resistors that generate ground signal noise in a certain period. At this time, a 
resonance phenomenon of DC-link voltage occurs due to variation of the inductive load, and a method 
of controlling the resonance phenomenon of DC-link voltage is required. In order to suppress the 
resonance phenomenon of the DC-link voltage, at a point before resonance occurs, this paper 
introduces an algorithm to suppress the resonance phenomenon of DC-link voltage by compensating 
the resonance component of the q axis voltage of the synchronous reference frame. The proposed 
algorithm verifies the effect through simulation and experiment. 
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1. Introduction 
 
Recently, using of public transportation is getting 

increased, it requires improvement of the railway vehicles 
technologies. Also gradually, as the load becomes larger 
and more diversified with developments of power semi-
conductor technology and power electronics technology, 
a new SIV(Static Inverter) method is being developed for 
an auxiliary power supply device which pursue mini-
aturization, lightweight, low noise and improved reliability 
[1]. 

Generally, the electrical power of the railway vehicle 
is being supplied through the pantograph mounted on the 
upper part and it supplies to the auxiliary power unit and 
the propulsion control system. An auxiliary power supply 
unit of a railway vehicle using a stationary inverter receives 
electric power from overhead wire voltage that varies 
widely under DC 1500V standard, creates a commercial 
power supply of a constant voltage and frequency, and 
supplies air conditioning equipment, passenger compartment 
such as a control power supply. [2-5]. 

The conventional auxiliary power supplies for railway 
vehicles received the line voltage and formed the DC-link 
voltage of the inverter through the DC-DC converter. 
However, this topology has the disadvantage that the cost 

of fabrication and maintenance is caused by the DC-DC 
converter. To solve this problem, there is a topology in 
which the DC- DC converter possible can be removed. 
However, due to inductive loads such as air conditioners 
and air compressors, the resonance phenomenon occurs in 
the DC-link voltage. A topology using a damping resistor 
for power source of DC link voltage can solve this problem. 
This topology using the damping resistance, the DC-DC 
converter is eliminated, there is a disadvantage that the 
damping resistance communication noise is generated due 
to the influence of the current flowing through the line. 
This disadvantage has the problem of eliminating the 
damping resistance. Because there is a track occupancy 
that capture signals in orbit turn from blue to red and the 
vehicle is engaged in emergency braking before a train 
enters a certain station and stops [6-9]. 

Fig. 1 shows the procedure to solve the problem from 
conventional auxiliary power supply problem. This paper 
approached the conventional method problem by order Fig. 
1. In addition, this paper applied the proposed method for 
solving the problem. 

This paper proposes an optimal control algorithm of DTI 
topology for miniaturization and weight lightening of the 
auxiliary power supply for railway vehicles. The algorithm 
proposes to suppress the resonance phenomenon of the 
DC-link voltage by eliminating the damping resistor which 
causes communication failure in a certain period. At the 
point of resonance of the DC-link voltage, it suppresses 
the resonance phenomenon of the DC-link voltage by 
compensating the component for resonance in the q axis 
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voltage of the synchronous reference frame during the 
voltage control. Also, at a point before resonance of the 
DC-link voltage occurs, this paper proposes an algorithm 
that minimizes the degree of resonance by applying the 
voltage command and control. This algorithm is verified 
by simulation and experiment. The results show that the 
algorithm is applied to the actual railway vehicle. 

 
 

2. Optimal Damping Control Algorithm 
 

2.1 Auxiliary power supply topology 
 
Fig. 2 shows the conventional topology of SIV. The 

input stage of the SIV system consists of a three-phase 
inverter for supplying power to the output load and a DC-
DC converter for controlling the DC-link stably. 

The line voltage for supplying electric power to a 
railway vehicle is variable due to the propulsion and 
braking of a train. Therefore, stable DC-link control is 
possible against the line voltage fluctuation through the 
input stage DC-DC converter. This topology has advantage 
of controlling the output stage load in a stable, on the other 
hand, it has disadvantages in that power conversion device 
becomes complicated, resulting in an increase in volume 
and weight and increases in price due to additional 
components. Comparing Fig. 2 and Fig. 3, the basic initial 
charging circuit has the same structure, but it is necessary 
to add a diode, a switching element, and an input stage 
filter of the DC-DC converter that increasing the price for 
the parts. 

The topology in Fig. 3 has a DTI without a DC-DC 
converter that controls the DC-link of the input stage of 
inverter. The topology of Fig. 3 has the advantage that 
the cost of components is reduced compared to the 
topology of Fig. 2. In Fig. 4, resistor and inductor have 
parallel structure before DC-Link. The parallel structure of 
resistor and inductor has the advantage that it decrease the 

braking resistance and enhance the braking effect. Equation 
(1) is used for analyzing the frequency characteristic of the 
RLC filter in Fig. 4. The value of the resistor and inductor 
is determined by equation (1) and resonance frequency [10]. 
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However, by transforming three-phase voltage into a 

trolley voltage using a 12-pulse diode rectifier in the 
substation, the ripple of the current flowing in the sub-
feeder is 720Hz which is 12 times the fundamental 
frequency due to the damping resistance. The ripple of 
the current flowing in the sub-feeder affects the reception 
voltage of the automatic operation system at a specific 
station. The ripple has the disadvantage of forming a noise 
interfering with the wayside signal and adverse effect on 

 
Fig. 1. Procedure to solve the problem from conventional 

auxiliary power supply problem 

 

Fig. 2. Auxiliary power supply topology using the DC-DC 
converter 

 

 

Fig. 3. DTI auxiliary power supply topology without the 
DC-DC converter 

 

 
Fig. 4. Parallel structure of resistor and inductor 
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the position and the precision stop of the vehicle. In order 
to secure these drawbacks, it is necessary to eliminate the 
damping resistance and the algorithm for eliminating the 
resonance phenomenon of the DC-link voltage should 
essentially be applied [10]. 

Fig. 5 shows the waveform of the return current of the 
sub-feeder line with and without the damping resistor in 
Fig. 3. Fig. 5 (a) shows the waveform of the return current 
with the damping resistor. The topology with the damping 
resistor shows that the ripple of the return current oscillates 
at the 720Hz frequency due to the influence on the output 
of the 12-pulse diode rectifier. Due to the current path 
formed by the damping resistor, the applied from the 12-
pulse diode rectifier rapidly decreases and this ripple 

occurs. On the other hand, Fig. 5 (b) shows the waveform 
of the return current after removing the damping resistance. 
It can be seen that the ripple of the return current is 
remarkably small because there is no current path through 
the damping resistor. In this paper, we use a DTI auxiliary 
power supply topology that eliminates damping control 
that affects the ground signal in a specific region without 
a DC-DC converter, and controls the input to receive 
1,500V and output to three-phase 640Vrms line voltage. In 
addition, we propose an optimal damping control algorithm 
to eliminate the resonance phenomenon caused by the 
inductive load. 

 
2.2 Proposed optimal damping control algorithm 

 
SIV for railway vehicles is resonant at the inverter 

output stage due to inductive loads such as cooler or 
compressor motor. In order to suppress such a phenomenon, 
a control method for compensating DC-link voltage 
sensing using a Band Pass filter has been studied. However, 
periodical resonance phenomenon occurs according to the 
inverter output, so there is a limit to constantly controlling 
the DC-link voltage value. Fig. 6(a) shows the ground 
receiving voltage due to the topology of Fig. 3. If the 
topology of Fig. 3 is used, a noise phenomenon occurs in 
the actual ground receiving voltage due to the ripple 
current flowing in the line as shown in Fig. 6(a). If the 
damping resistor is removed and the optimal damping 
control is applied to solve this problem, the ground 
receiving voltage is stabilized as shown in Fig. 6(b). 
Therefore, it is necessary to remove the damping resistance 
and apply the optimal damping control algorithm in order 
to make the auxiliary power supply smaller and lighter. 

In this paper, we propose an optimal control algorithm 
that suppresses resonance phenomenon and maintains 
steady state by damping control by compensating DC-link 
voltage resonance component due to load on the q axis 
voltage of the synchronous frame passing through BPF. In 

 
(a) 

 
(b) 

Fig. 5. Comparison waveform of sub-feeder retrace current 
with or without damping resistance 

 
(a) 

 
(b) 

Fig. 6. Ground receiving voltage comparison waveform 
due to the current flowing through the line: (a) With 
damping resistor, (b) Without damping resistor 



An Optimal Damping Control Algorithm of Direct Two-level Inverter for Miniaturization and Weight Reduction of Auxiliary Power Supply ~ 

 2338 │ J Electr Eng Technol.2018; 13(6): 2335-2343 

addition, the optimal phase control was performed the q 
axis voltage of the synchronous reference frame at a point 
earlier than the point at which the resonance occurs, and to 
accelerate the steady-state convergence. Fig. 7 shows a 
band pass filter block diagram for extracting the resonance 
component of DC-link voltage. The band-pass filter 
extracts the resonance component using the resonance 
frequency of 22 Hz obtained through equation (2). This 
value was derived using the rail vehicle auxiliary power 
supply parameter. The resonance component extracted 
through the bandpass filter is applied to the q axis voltage 
of the synchronous reference frame, which is earlier than 
the resonance start point, and is used to control the inverter 
voltage. 

 
 

1
2 LCp

 (2) 

 
where, L is the SIV input stage inductor and C is the 
capacitor. 

Fig. 8 shows the V2 function with phase advance in V1 
and V1 functions. Equation (3) is an equation developed by 
using the trigonometric function of the V2 function. Using 
this, the equation (3) can be transformed into a function for 
V1. Finally, the function V2 can be expressed as a function 
of V1 and can be applied to optimal damping control by 
substituting V1 for the resonance component through the 
bandpass filter in equation (4).  

 

(a) 

 

(b) 

Fig. 9. The resonance magnitude and steady state settling 
time for the constant k value: (a) Resonance 
amplitude, (b) Steady state settling time 

 
 0 22 22(sin( )cos( ) cos( )sin( ))w q w qD D+V t t  (3) 

 1
1

( )( )cos( ) sin( ))qq q q
qD D+

dVV
d

 (4) 

 22q wD = k t  (5) 
 
Here, 22w  represents an angular frequency of 22 Hz. 
The phase in equation (4) can be expressed as in 

equation. (5). The value of k in equation (5) can be varied 
to obtain the value of resonance and minimized steady state 
settling time.  

Fig. 9 shows the resonance magnitude and steady state 
settling times for the k variable values derived from the 
simulation using the SIV parameters of the rail vehicle. In 
Fig. 10, when k is 5, we can confirm that the resonance 
magnitude and the steady state reach time are the minimum 
values. Based on this value, we perform simulation and 
experiment. Fig. 10 shows the SIV optimal control block 
diagram for railway vehicles using DTI. The resonant 
component of the DC-link voltage is detected for optimal 
control. Considering the parameters of the railway vehicle 
SIV, the resonance component is extracted through the 22 
Hz BPF and the voltage is controlled by applying it to the q 

 

Fig. 7. DTI auxiliary power supply topology without the 
DC-DC converter 

 

 

Fig. 8. Sin wave that is phase ahead of the fundamental 
wave by q  
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axis voltage of the synchronous reference frame. At this 
time, in order to reduce the resonance and shorten the 
settling time, the q axis voltage of the synchronous 
reference frame is applied before the resonance start point. 
The current control then causes the inverter to output a 
three-phase current and derive the voltage to apply to the 
load [11-13]. 

 

 
3. Simulations 

 
Table 1 shows SIV parameters of the railways used in 

Seoul Line 2. Simulation and experiments were carried out 
by parameters of Table 1.  

Fig. 11 shows the simulation results according to SIV 
without damping control. The DC-link voltage has about 
1620V in Fig. 11. The q axis voltage of the synchronous 
reference frame by voltage control without damping 
control. In addition, the DC-link voltage got resonated and 
diverged by inductive loads. The resonance of the DC-link 
voltage generates the noise of the railway vehicle. In 
addition, DC-link voltage is divergence according to the 
change of the inductive load. Therefore, the control method 
without proposed optimal control algorithm could not be 
applied to railway vehicles that require stability and 
reliability. 

Fig. 12 shows the simulation results in accordance with 
DTI optimal control algorithm proposed in this paper. The 
DC-link voltage is maintained at about 1620V.  

 

Fig. 10. Auxiliary power supply optimal control block diagram for railway vehicles using DTI 

Table 1. Parameter of auxiliary power supply 

Parameter Value 
Capacitor 4200 u 
Inductor 12 mH 

Rated voltage DC 1,500 V 
Input 

Voltage range DC 900~1,800 V 
Rated power 190 kVA 

Rated voltage AC 380 V (+5 %,-10 %) 
(Load 0~100 %) Output 

Rated frequency 60 Hz ± 1 % 
 

 
Fig. 11. Simulation results without damping control 
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Fig. 12. Simulation results with proposed optimal control 
algorithm 

 
When the load is applied, q axis voltage of the 

synchronous reference frame can be confirmed that the 
direct-current resonance component is compensated. When 
applying the proposed algorithm, the resonance of DC-link 
voltage is eliminated and the q axis voltage of the 
synchronous reference frame is stabilized. Therefore, the 
output voltage is also stabilized as well. 

Fig. 13 shows a simulation results in the optimal control 
algorithm is applied when the load changes. The inductive 
load of the actual railways SIV is occur when using air 
conditioners and air compressors. The inductive load of air 
conditioners is gradually applied in two stages. The DC-
link voltage in Fig. 13, the load changes in two steps, at 
this time the resonance component is eliminated twice all 
within a short time. As a result, output voltage and output 
current are controlled to normal sine waves. 

 
 

4. Experimental Results 
 
Experiments were performed to verify the proposed 

optimal damping control using direct two-level inverter for 
auxiliary power supply in railway vehicle. The experiment 
method was the same as the simulation, and the experiments 
were carried out using the parameters in Table 1. 

Fig. 14 and Fig. 15 show the hardware setup. Fig. 14 
shows the auxiliary power supply inverter of the rail way 
vehicle using the topology proposed in this paper. Currently, 
this inverter is being used for Seoul Line 2 railway vehicle. 

Fig. 15 show the measuring instruments for experiment 

 
Fig. 13. Simulation results with proposed optimal control 

algorithm according to load changes 

 

 
Fig. 14. Actual auxiliary power supply of railway vehicle 

with proposed DTI 
 

 
Fig. 15. Measuring instrument for experiment results 
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results. This setup consists of recorder, differential probes, 
and current probes. The recorder shows the DC link voltage, 
the overhead wire voltage, the secondary side ab line 
voltage of the inverter, and the inverter output secondary 
side a phase current. Recorder shows the DC-link voltage, 
trolley voltage, the inverter secondary output line-to-line 
voltage, and the inverter secondary output current. 

Fig. 16 shows experiment results without damping 
control. Experiments were carried out by operating the air 
conditioner after operating the auxiliary power supply. The 
inductive load is applied by turning on the air conditioner. 
The inductive load is twice changed due to the operation 
process of the air conditioner. The trolley voltage and DC-
link voltage are 1666V and 1670V before starting the 

 

 

Fig. 16. Experiment results without damping control 

 

 
Fig. 17. Experimental results to which the proposed optimal damping control algorithm is applied 

 

 
Fig. 18. Enlarge waveform of Fig. 16 

 
Fig. 19. Enlarge waveform of Fig. 17 
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inductive load. However, DC-link voltage resonance 
occurs after starting the inductive load. When the second 
inductive load is applied, the resonance diverges. In fig. 16, 
it can be confirmed that the maximum size of resonance is 
123V. 

Fig. 17 shows the experimental results to which the 
proposed optimal damping control algorithm is applied. 
The trolley voltage and DC-link voltage are 1650V and 
1650V before starting the inductive load. When an inductive 
load is started, the resonance of the DC-link voltage is 
rapidly eliminated. In addition, the maximum magnitude of 
resonance is 99V. Compared to the experiment results in 
Fig 14, the proposed method is capable of reducing the 
resonance magnitude more than at least 20%. 

Fig. 18 and Fig. 19 are an enlarged waveform of Fig. 16 
and Fig. 17. The output voltage and current voltage have 
sinusoidal waveforms because of voltage control in inverter. 
Resonance occurs in the DC-link voltage to which the 
damping control is not applied, whereas the resonance is 
removed and the DC-link voltage has constant value in 
proposed optimal damping control. 

 
 

5. Conclusion 
 
An optimal damping control algorithm of direct two-

level inverter for miniaturization and weight reduction of 
auxiliary power supply on railway vehicle has been 
proposed in this paper. DC-DC converter and damping 
resistance are removed for miniaturization and weight 
reduction in proposed topology.  

The resonance of the DC-link voltage is eliminated by 
performing the voltage control by adding the resonance 
component of DC-link voltage to the q axis voltage of the 
synchronous reference frame. The resonance component of 
DC-link voltage is extracted by using band pass filter. At 
this time, in order to reduce the resonance and shorten the 
settling time, the q axis voltage of the synchronous 
reference frame is applied before the resonance start point. 
By using the algorithm proposed in this paper, the 
resonance is eliminated and the magnitude of the resonance 
also has decreased. Compared to the resonance of the DC-
link voltage without optimal damping control, the proposed 
method is capable of reducing the resonance magnitude 
more than at least 20%. The simulation and experiment 
results show the outstanding performance of the optimal 
damping control. 
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