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Abstract: In this paper, the method and a control algorithm for detecting resonant destruction of a
resonant auxiliary power supply for railway vehicle are proposed. It is essential to reduce the weight
of the electric equipment attached to the lower part of the railway vehicle because it greatly affects
the life of the railway vehicle, such as wheel and bearing. In order to reduce the weight and volume
of the auxiliary power supply, in the case of windings, high-speed switching should be performed by
lowering the input voltage. Therefore, in this paper, the auxiliary power supply control algorithm
using an LLC resonant converter to reduce the weight of auxiliary power supply for railway vehicle
is proposed, and the method of detecting resonant destruction due to device failure of a resonant
converter is proposed. The proposed algorithm steps down the wire voltage using an input buck
converter for high-speed switching, and the inverter input voltage is controlled through the LLC
resonant converter. In addition, ZVS (Zero Voltage Switching) is operated to minimize the loss of the
resonant converter, and the optimal design of the resonant tank is also proposed. In order to detect
resonant destruction, a detection method formulated by analyzing the resonant current peak value
for the load capacity is proposed. The algorithm proposed in this paper is verified by simulation
and experiment.

Keywords: railway vehicle; auxiliary power supply; LLC resonant converter; resonant destruction
detecting

1. Introduction

Auxiliary power supply for the railroad vehicle is an essential device because it
supplies power to all devices except for the power supply of the propulsion system such as
heating and cooling, lighting for rooms, charging batteries, and air compressors used for
braking [1,2]. In the case of the conventional auxiliary power supply for railway vehicles,
it is composed of a system using a 60 Hz low-frequency transformer at the output of the
DC-AC inverter to insulate the input voltage of the temporary line and the three-phase
load. An auxiliary power supply device having a system using a low-frequency transformer
has a simple structure of the system and easy maintenance, but has a large volume and
weight [3]. In addition, since the voltage at the input terminal of the inverter is used as the
power line voltage, a large size of each element constituting the inverter is required, and a
low switching frequency is needed.

Recently, regulations on carbon emissions have been strengthened around the world,
and in Europe and North America, standards for legally regulating greenhouse gas
emissions from railroad vehicles have been announced and applied. In Korea, high-
efficiency /light-weight research is being actively conducted to improve energy efficiency
and reduce carbon emissions of the electronic components of railway vehicles.
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The size of the transformer is reduced through an insulated converter using a semi-
conductor element for high frequency kHz switching operation, instead of the 60 Hz,
bulky transformer of the conventional auxiliary power supply for railway vehicles [4,5]. In
addition, the resonant converter of the resonant auxiliary power supply operates ZVS to
minimize the switching loss, and the optimum values of the resonant reactor (RL) and the
resonant capacitor (RC) constituting the resonant tank are proposed. There is a problem in
which the resonant frequency increases due to destruction and aging of the resonant reactor
and resonant capacitor constituting the resonant tank [6,7]. If the resonant frequency is
increased, secondary destruction may occur in the device of the resonant converter due to
an increase in the resonant current, so a method for detecting and performing a protective
operation is proposed.

In this paper, the auxiliary power supply control algorithm using an LLC resonant con-
verter to reduce the weight of the auxiliary power supply for railway vehicles is proposed.

The proposed algorithm and resonant destruction detection method are verified by
the simulation and experimental results.

2. Structure and Design of Resonant Auxiliary Power Supply

Figure 1 shows the conventional auxiliary power supply for railway vehicles. The con-
ventional auxiliary power supply receives the rectified wire voltage 900~1800 V. through
the rectifier and forms the input voltage of inverter through the LLC filter. The inverter out-
puts 670 V. of 3-phase line voltage through voltage control. At this time, a low-frequency
transformer of 60 Hz is used for the electrical insulation of the inverter and the output filter,
and, finally, 380 V. line voltage is applied to the load side of the railroad vehicle through
the voltage drop of the low-frequency transformer. There is a limit to the increase in the
switching frequency of the inverter due to the voltage level at the input stage, and as the
weight and size of the low-frequency transformer increases, the overall weight and size of
the auxiliary power supply are inevitably increased.
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Figure 1. Conventional auxiliary power supply for railway vehicles.

Figure 2 shows the proposed resonant auxiliary power supply for railway vehicles .
The proposed resonant auxiliary power supply is composed of a buck converter, a resonant
converter, an inverter, and a battery charger. Part of the buck converter operates to step
down the unstable voltage input from the wire, and is designed in a double chopper
type configuration to minimize heat generation and reduce device capacity. The resonant
converter is a resonant converter part, and the weight and size of the transformer are
reduced due to high frequency switching, and it is composed of a resonant capacitor and a
resonant reactor. The inverter receives voltage from the resonant converter, outputs 380 V.
between three-phase lines, and delivers the output voltage to the load. The battery charger
part is composed of a DC-DC converter. Comparing Figures 1 and 2, the composition and
circuit of Figure 2 can be complicated, but due to the difference in weight and size of the
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windings constituting the main circuit, the proposed resonant auxiliary power supply unit
of Figure 2 is a topology suitable for weight reduction. When comparing the weight of
the type shown in Figure 1 and the type shown in Figure 2, it can be seen that the weight
of Figure 2 is about 20% smaller for the inverter used in the actual electric equipment for
railway vehicles (Component abbreviation of the resonant auxiliary power supply shows
in Table 1).

Buck- Converter
(double chopper)

AC 380V
170kVA

! |DC 100V
30kW

L}

4
BCFCI- HF BCFC2-=
LBCTR)

L A

Figure 2. Structure of the propulsion control system for resonant auxiliary power supply.

Table 1. Component abbreviation of the resonant auxiliary power supply.

Acronyms Description Acronyms Description
FL Filter reactor FC Filter capacitor
SL Smoothing reactor RC Resonant capacitor
RL Resonant reactor HFTR High frequency transformer
ACL AC filter reactor ACC AC filter capacitor
BCFC Battery charger filter capacitor BCTR Battery charger transformer
BCFL Battery charger filter reactor - -

3. Resonant Tank Design of Resonant Auxiliary Power Supply

Figure 3 shows the equivalent circuit of an LLC resonant converter [8]. The resonant
tank of the LLC resonant converter consists of a resonant reactor and a resonant capacitor.
The selection of the capacity of the elements constituting the resonant tank determines the
voltage gain curve and the characteristics of the converter corresponding to the switching
frequency. Therefore, the optimal design of the LLC resonant converter resonant tank

RC RL

I I YYYY

ac out

Figure 3. Equivalent circuit of an LLC resonant converter.
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Equation (1) is the voltage gain for the LLC resonant converter, and (2) is the equation
for each variable, where K is the voltage gain, f; is the switching frequency, f; is the resonant
frequency, L, is the magnetizing inductance, and Fy is the ratio of f; and f;. RL is the
resonant inductance, RC is the resonant capacitance, m is the ratio of L,;, and RL, Q is the
quality factor, R is the output resistance, R, is the equivalent AC resistance on the primary
side of R, and Ny, and N; are the number of windings on the primary and secondary sides
of the transformer.
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Figure 4 shows the voltage gain graph of resonant tank with different m value using
the Matlab of Mathworks. Figure 4a shows the gain curve with relatively low m value,
and (b) shows the gain curve with high m value. As can be seen in Figure 4, in the high m
voltage gain curve, the voltage gain does not change significantly with the change of Fy, and
a voltage gain close to 1 is obtained over the entire load. Since the LLC resonant converter
of the resonant auxiliary power supply in this paper has a fixed frequency control, it is
required to design a high value that is not sensitive to the change of Fy and has a voltage
gain approximating 1 in the entire load range. The ratio F, between the switching frequency
and the resonant frequency is an important variable that determines the operating range
of the resonant converter. When F; is higher than 1, the phase of the resonant current
operates in an inductive region that is slower than the phase of the resonant voltage. This
is advantageous for the ZVS of the primary switch of the transformer because the phase
of the resonant current is slow, so a larger resonant current can be secured when the
switch is turned on as seen in Figure 5a If it is lower F, than 1, the phase of the resonant
current operates in a capacitive region where the phase of the resonant current is faster
than the phase of the resonant voltage. In this area, the resonant frequency is higher
than the switching frequency, the secondary side current of the transformer converges
to zero within a half cycle of the switching frequency, enabling ZCS operation of the
secondary side switch of the transformer as seen in Figure 5b. The resonant converter of
this paper has a voltage gain of 1 in the entire load range, and has a high value to enable
the ZVS of the primary switch of the transformer and the ZCS of the secondary switch
of the transformer, and designed to operate in the capacitive region where f is close to 1.
Therefore, in order to design a device having a high value, the capacity of the resonant
capacitor was designed as high as possible, and the capacity of the resonant reactor was
designed to be the minimum value.

Table 2 shows the LLC resonant converter design parameters. The resonant capacitor
capacity was selected as 48 pF, which is the maximum value that can operate in the
capacitive region that is close to 1 and has a high value in the design with a switching
frequency of 7 kHz.
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Figure 4. Voltage gain graph of resonant tank with different m value (a) C; = 13 puF, L, = 27 uH,
m =112 (b) C;, =48 uF, L, =7.5 pH, m = 400.

Table 2. LLC resonant converter design parameters.

Parameters Symbol Value Unit
Rated Output Power Pyut 200 kW
Input Voltage Vi 722 \%
Output Voltage Vout 670 \Y%
Turn Ratio (Ns/Np) n 0.928 -
Resonant Inductance RL 7.5 uH
Resonant Capacitance RC 48 uF

Switching Frequency fsw 7 kHz




Energies 2022, 15, 8029

6 of 21

v

()

IpyIps

IDZ“'{DB

(b)
Figure 5. LLC resonant converter current waveform (a) inductive mode; (b) capacitive mode.

4. The Control Algorithm of Resonant Auxiliary Power Supply

Figure 6 shows the control algorithm of the buck converter part of the resonant
auxiliary power supply for railway vehicles. As shown in Figure 7, the buck converter
is composed of a double chopper in consideration of the temperature rise of the device.
The buck converter receives an input line voltage that fluctuates from 900 to 1800 V.
and outputs a stable 722 V.. In addition, 722 V. output voltage control is performed by
sensing the voltage of the primary side of the transformer, and current control is performed
for stabilizing the voltage control. In addition, in order to compensate for the voltage
imbalance caused by the voltage difference between the upper and lower phases of the
double chopper, the duty ratio considering the voltage difference compensated for the
output of the current controller.
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Figure 6. Control block diagram of buck converter.
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Figure 7. Part of buck converter.

The resonant converter part (shows in Figure 8) controls the voltage with a switching
frequency of 7 kHz and a fixed duty of 0.48. The buck converter output voltage, 722 V;,
is used as the input voltage, and the voltage is transferred to the secondary side of the
transformer through high-frequency switching.

At this time, it is stepped down to 670 V. by the turn ratio of the high frequency
transformer to form an input voltage of the inverter input terminal and the converter side
of the battery charger.

Figure 9 shows the losses according to the switching method. In the conventional hard
switching method, switching loss occurs as much as the area of the overlapping part of
voltage and current during on/off. At this time, if the switching frequency is high, a greater
loss occurs, the volume of the heat sink increases, and the efficiency decreases.

The resonant converter performs zero voltage switching (ZVS) using LLC resonant
in order to reduce the loss that occurs during high frequency switching. In a resonant
converter, since the magnetizing inductance acts in parallel with the load, a wide ZVS area
can be realized. When the IGBT of the resonant converter is turned on, ZVS is operated to
make the turn-on loss to zero. On the other hand, due to the magnetizing inductance of the
high-frequency transformer, the turn-off loss cannot be ignored because switching cannot
be performed when the current is 0 A. Therefore, the turn-off loss is minimized by using
a transformer with a large magnetizing inductance value from a possible design point.
Accordingly, the size of the heat pipe for cooling can be considerably reduced, and the
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volume of the auxiliary power supply can be reduced by insulating using a high-frequency
transformer of the resonant converter.

g s Resonant Converter s

o—
o wpee ¥4
FC3=F R 3¢ | |[FooT
; ; HFTR |

Conduction
Loss

N/

(@)

(b)

Figure 9. The losses according to switching method (a) hard switching; (b) soft switching.

Figure 10 shows the part of the inverter. Figure 11 shows the control block diagram
of inverter. The voltage control and current control are performed in the synchronous
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coordinate system through d — g conversion by sensing the three-phase output voltage and
current. The inverter part receives a stable voltage of 670 V. and controls to supply the
line voltage of 380 V. and 60 Hz to the load. The power factor is 0.85, and the AC load
capacity is designed to be 170 kVA.

G G G ac
| Y
§'| . . ACC‘-EJ‘E'L:.-

Figure 10. Part of the inverter.
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Figure 11. Control block diagram of the inverter.

Figure 12 shows the part of the battery charger converter. Figure 13 shows the control
block diagram of the battery charger converter. The battery charger controls the output
voltage by sensing the voltage on the secondary side of the transformer. The error of
the battery charger output voltage passes through the PI controller to generate an output
current command and outputs the PWM duty of the single-phase full-bridge converter to
obtain the output voltage through the internal current controller.
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Figure 12. Part of the battery charger converter.
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Figure 13. Control block diagram of the battery charger converter.

The switching frequency of the battery charger part is 6 kHz, and the voltage is
transferred to the secondary side through the transformer by complementary switching.
The output voltage for charging the battery is controlled by 100 V., and the capacity is
30 kW.

Figure 14 shows the control bock diagram of the overall resonant auxiliary power
supply system. This is a control block diagram in which each control unit of the resonant
type auxiliary power supply described above is combined.
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Figure 14. Control block diagram of the overall resonant auxiliary power supply system.

The buck converter part is stepped down to 722 V. by receiving the wire voltage,
passing through the resonant converter part, forming the inverter and the battery charger
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input 670 V.. The inverter part controls voltage to apply line voltage of 380 V;. to the load.
In addition, the battery charger unit performs voltage control for 100 V. output.

5. Resonant Destruction Detection of Resonant Auxiliary Power Supply

The resonant converter part of the resonant auxiliary power supply for railway vehicles
has a resonant tank composed of a resonant reactor and a resonant capacitor. The resonant
frequency of the resonant converter can be obtained by substituting the parameters of the
elements constituting the resonant tank into Equation (1); the problem of increasing the
resonant frequency may occur due to destruction of the resonant capacitor or burnout of
the resonant reactor. As the resonant frequency increases, the peak value of the resonant
current in the same load increases.

If the peak value of the resonant current increases, secondary destruction may occur
in the elements constituting the resonant converter, and a temperature rise in the heat
pipe and windings may occur. Therefore, it is essential to detect a resonant destruction
phenomenon due to an abnormality in the elements constituting the resonant tank and
perform a protective operation.

There are two ways to detect an abnormality in the resonant frequency. The first
method is to measure the resonant frequency by sensing the point where the actual current
on the primary side of the transformer of the resonant converter becomes zero (Zero Cross-
ing Point) and the peak current point (Peak Current Point) in the MCU. An abnormality in
the resonant frequency can be detected by comparing the element value of the resonant
tank of the resonant converter with the resonant frequency calculated in F. of Equation (2).
This method is suitable for a topology with few MCU-controlled objects because the current
sensing period must be much larger than the resonant frequency.

The second method is to detect the resonant frequency abnormality by calculating
the ratio of the maximum value of the DC current on the secondary side of the resonant
converter transformer and the power at the input side of the resonant converter with the
MCU. In this method, as the resonant frequency increases, the magnitude of the resonant
current increases, and if the control period and the sensing period are the same and a
common multiple, the sensing period may be slow. In the case of a railway system, various
operations such as converter and inverter control, sequence control, protection operation
control, fault recording, and external communication must be performed within the control
cycle. Therefore, if the control period is accelerated, it may cause a problem due to the
exceeding of the operation time. Therefore, we propose the second method to detect
resonant destruction.

Figure 15 shows the current graph of the secondary side of the transformer at the same
load and different resonant frequency. The load is the current area in the graph, and since
the load is the same, the area A and the area B in Figure 15 must be the same.

Equation (3) is an expression for area A, and Equation (4) is an expression for area B. If
the area A and the area B are the same, it can be seen that the rate of decrease of the lower
side length of the area due to the increase of the resonant frequency and the rate of increase
of the current are inversely proportional according to Equation (3):

a
LT
hq :/ sin —xdx
0 a

zhlg(coso — COS 7T) (©)]

_2{1]”11
oo
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Figure 15. Control block diagram of the overall resonant auxiliary power supply system.

Figure 16 shows the transformer secondary current peak value corresponding to the
load capacity. Equations (6) and (7) represent the equations for each graph in Figure 16. In
Figure 16, A shows the normal operation, and B shows the graph at resonant frequency
increasing by about 20%. The B has an increased slope than A, and the slope of the graph
can be expressed as Equation (7).

Therefore, in this paper, the fault is detected through the current at the secondary side
of the transformer, which increases in case of resonant destruction through Equation (7).
A fault is detected when a resonant current that is increased by 20% compared to the normal
secondary resonant current of the transformer for the same load capacity is detected.
The standard for 20% was selected based on the device specifications of the resonant
capacitor constituting the resonant converter.
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Figure 16. Transformer secondary current peak value corresponding to the load capacity.

Figure 17 shows the results of the temperature rise test at 50% load in case of resonant
destruction. The fault detection criterion is detected at 30% of the load, but considering the
instantaneous peak value and margin factor, it is possible to check the result of whether the
device operates normally even at a 50% load in case of resonant destruction.

CH(ALL) Level
CH1 AR

CH2 CON

|cH3 RL

CH4 HFTR

2
§
g
3

i i [ i i | I |
6000.0 8000.0 100000 120000 140000 16000.0 18000.0 19852.0

Figure 17. The results of the temperature rise test at 50% load in case of resonant destruction.

6. Simulation Results

Table 3 shows the specification of resonant auxiliary power supply for railway vehicle,
and figure shows the simulation circuit. Figure 18a shows the buck converter part, (b) the
resonant converter part, (c) the inverter part, and (d) the battery charger part. As shown in
Table 2, the simulation was configured with the same environment as the actual vehicle
specifications, and Powersim’s Psim tool was used.
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Table 3. Specification of resonant auxiliary power supply for railway vehicles.

Parameters Symbol Value Unit
Rated AC Power P, 170 kVA
Rated DC Power Py, 30 kW

Power Factor pr 0.85 -
Input Voltage Vi 900~-1800 Ve
AC Output Voltage Vo.ac 380 Vims
DC Output Voltage Vo.de 100 Vie
LA h """"—E
o £+
&) #_ _ L2 oo
=2 () ]
L
(@)
% l D’.!. inv

(b)

Vade 1 hc ﬁ_‘ﬂ'ﬁ’\

=

1
Lk

A

i

Figure 18. Simulation circuit.

6.1. Resonant Auxiliary Power Supply Operation Simulation

Figure 19 shows the simulation results of the resonant auxiliary power supply for
railway vehicles. Figure 19a shows the operation result at the rated load, and (b) shows the
result of the sudden load change test of 0%—50%—100%—50%—0% under load conditions.
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The proposed resonant auxiliary power supply system is operated, as shown in the simula-
tion result. DC-link voltage is generated by the input buck converter and LLC resonant
converter, and the output inverter and battery charger converter operate to generate output
voltages of 380 V,c and 100 V.. In addition, it can be confirmed that the system is capable

of normal operation even when the load fluctuates rapidly.
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Figure 19. Simulation results of resonant auxiliary power supply for railway vehicles.
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6.2. Resonant Destruction Detection Simulation

Table 4 and Figure 20 show the simulation results of resonant destruction detection.
The conditions for simulating resonant destruction were to increase the maximum value
of the resonant frequency and resonant current by about 20%; the case when the resonant
capacitor was changed from 48 pF to 32 uF and case 2 when the resonant inductance was
changed from 7.5 pH to 5 pH were selected.

Table 4. Simulation results of resonant destruction detection.

Resonant Resonant
Normal Resonant . .
Parameters Condition Destruction Destruction
Condition 1 Condition 2
Resonant inductor 7.5 uH 7.5 uH 5 uH
Resonant capacitor 49 uF 32 uF 49 uF
Resonant frequency 8312 Hz 10,273 Hz 10,235 Hz
Resonant current peak 217 A 265 A 267 A

Figure 20a—c show the voltage and current waveforms of the secondary side of the
transformer under the resonant destruction simulation conditions case 1 and case 2, when
it is normal at 50% load. As can be seen from the simulation results, the maximum
resonant frequency and resonant current in case 1 of the resonant destruction condition
are 10.272 kHz and 265 A. Resonant frequency and maximum resonant current in case 2
of resonant destruction condition are 10.235 kHz and 267 A. It can be seen that, when
compared with 8.312 kHz and 217 A, which are the results of normal resonant conditions;
the average of the frequency increased by 23.36% and the average of the maximum current
value increased by 22.58%. That is, it was confirmed by simulation that the maximum value
of the resonant current changes as the resonant frequency is different at the same power.
Through this result, the validity of the algorithm for detecting resonant destruction with
the maximum value of the resonant current was verified.

Figure 20d,e show the simulation results of the operation of the resonant destruction
algorithm. The simulation was conducted in case 1 and case 2, which are the simulation
conditions for resonant destruction. As shown in the simulation result, it can be confirmed
that the protection operation is performed by detecting the maximum resonant current
value exceeding 20% compared with the maximum resonant current value of the power
calculated when the output voltage increases and exceeds 30% of the rated output. The nor-
mal operation and reliability of the proposed resonant destruction detection algorithm
were verified through simulation.
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Figure 20. Simulation results of resonant destruction detection.
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7. Experiment Results
7.1. Experimental Results of the Resonant Auxiliary Power Supply Operation

Figures 21 and 22a show the operation result at the rated load. When the input buck
converter operates and outputs 766 V., the DC-link voltage of the LLC resonant converter,
670 V., the DC-link voltage of the inverter on the secondary side of the transformer, is
output. After that, it can be seen that the output inverter and the battery charger converter
operate to generate output voltages of 380 V,. and 100 V.

Figure 21. Experimental results of resonant auxiliary power supply for railway vehicles.

Figure 22b is the experimental result of a load sudden change test to verify the suit-
ability of the auxiliary power supply for railway vehicles. There is a verification item that,
in case of a sudden change in voltage corresponding to the load, it should converge within
5% of the rated voltage within 0.2 s. In order to verify this item, a load sudden change test
of 0%—50%—100%—50%—0% was performed.

Figure 22¢,d show the enlarged waveforms at 50%—100% and 100%—50% of sudden
load change, respectively. It can be seen that the output voltage of the buck converter, LLC
resonant converter, inverter, and battery charger converter performs within a normal range
even if the load suddenly changes. The proposed resonant auxiliary power supply system,
design method, and control algorithm were verified through experiments.

7.2. Experimental Results of Resonant Destruction Detection

Table 5 and Figure 23 show the experimental results of resonant destruction detection.
Resonant destruction conditions were performed by changing the resonant capacitor from
48 pF to 32 pF to increase the maximum value of the resonant frequency and resonant
current by about 20% based on the simulation results.

Figure 23a,b show the voltage and current waveforms of the secondary side of the
resonant converter transformer under normal resonant conditions and resonant destruction
conditions at 50% load, respectively. The maximum resonant frequency and resonant cur-
rent of the normal operation test result in Figure 23a are 8.22 kHz and 204 A, respectively.
The maximum resonant frequency and resonant current of the resonant destruction test
result in Figure 23b are 9.92 kHz and 246 A. As a result of the test, it can be seen that the
resonant frequency and the maximum resonant current increase by 20.68% and 20.58%,
respectively, during resonant destruction, compared to the normal resonant conditions.
At the same power, it was confirmed that the maximum value of the resonant current
changes as the resonant frequency is different, and through this, the validity of the algo-
rithm for detecting resonant destruction with the maximum value of the resonant current
was verified.

Figure 23c shows the experimental results of the operation of the resonant destruction
algorithm. The experiment was conducted under the conditions of resonant destruction
simulation shown in Figure 23b, and the output voltage increases and then a destruction
occurs in the part that is more than 30% of the rated output, and the protection operation
is performed. It can be confirmed that the protection operation is performed by detecting
a large current in which the maximum value of the actual resonant current exceeds 20%
comparing the resonant current calculated based on the proposed resonant destruction
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detection algorithm. Through this experiment, the operation and reliability of the proposed
resonant destruction detection algorithm were verified.
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Figure 22. Experimental results of resonant auxiliary power supply for railway vehicles.
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Table 5. Experimental results of resonant destruction detection.

Normal Resonant

Parameters Resonant Destruction
Condition Condition 1
Resonant inductor 7.5 uH 7.5 uH
Resonant capacitor 48 uF 32 uF
Resonant frequency 8220 Hz 9920 Hz
Resonant current peak 204 A 246 A
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Figure 23. Experimental results of resonant destruction detection.
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8. Conclusions

In this paper, the method and a control algorithm for detecting resonant destruction of
a resonant auxiliary power supply for railway vehicle is proposed. The proposed resonant
auxiliary power supply for railway vehicles uses a LLC resonant converter to improve the
power density of the system. The power capacity of the proposed resonant auxiliary power
supply is AC 170 kVA and DC 30 kW. The LLC resonant converter of the resonant auxiliary
power supply was designed to satisfy robustness to f, and a voltage gain variation close to
1 over the entire load range, since it performs fixed frequency control. Resonant destruction
can be detected by the peak value of the resonant current according to the load capacity
compared to the input power. The simulation and experiment were performed to verify
the control algorithm and the resonant destruction detection algorithm of the resonant
auxiliary power supply for railway vehicles. The conditions for resonant destruction were
tested by changing the resonant capacitor so that the maximum values of the resonant
frequency and the resonant current could be improved by about 20%.
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