
 

  Abstract—This paper deals with the prototype of a main trac-
tion converter with medium-frequency transformer for AC trol-
ley wire-fed locomotives. The attention is paid to the new master 
control and diagnostic unit. The designed master control unit has 
been implemented in the LabVIEW environment. Our master 
control unit ensures an effective human interface between a user 
and the control hardware. In this case, the master unit makes 
possible both extensive control and diagnostic operations of the 
laboratory prototype of the traction converter. The master unit 
was tested extensively by experiments performed on a designed 
traction converter prototype of 12-kW rated power. 
 

Index Terms—Control and diagnostic unit, main traction con-
verter, medium-frequency transformer, user interface. 
 

I. INTRODUCTION 
RACTION AC power systems supplying traction con-
verters operate in Europe with the frequency of 16 2/3 Hz 

or 50 Hz. A conventional traction transformer designed for 
such a low frequency is heavy and needs a large space in the 
locomotive. Recently, researchers and manufactures are con-
sidering the possibility to propose a traction converter contain-
ing a medium-frequency transformer. Such a solution can lead 
to reduction of both weight and size. In recent years, several 
proposals have been made to compose the main traction con-
verter using a medium-frequency transformer and modern 
power electronics [1–3]. 

The motivation for our research has been the obvious de-
mand for implementation of an effective human interface for a 
recently designed laboratory prototype of traction converter 
containing a medium-frequency transformer (see Fig. 1), 
which is used for developing the new generation of locomo-
tive drives for our industrial partner. 

When developing a laboratory prototype of the new traction 
converter, it is necessary to have exact real-time information 
about the behavior of the whole control system. This informa-
tion enables us to detect and solve problems that can appear. 
Even if the development process is supported by extensive 
simulations, it is practically impossible to include all disturb-
ing factors in mathematical modeling, especially, when deal-
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ing with complex problems. For these reasons, it is appropri-
ate to complement the laboratory prototype by a versatile hu-
man interface, which could be connected to the microproces-
sor controller. Such a configuration makes it possible to ob-
serve not only the behavior of the tested prototype, but also 
the behavior inside the control hardware, i.e., we can monitor 
“soft” signals inside the microprocessor controller (full diag-
nostic function). Thus, we can observe the detailed state of the 
entire configuration during the testing procedures. Moreover, 
the master control unit makes it very simple to command the 
control system. Finally, the designed unit can serve for pres-
entation and educational purposes. 

For similar reasons, many industrial applications are com-
plemented by such a communication interface [4–6]. In this 
paper, we present the master control and diagnostic unit de-
signed for microprocessor-based control system controlling 
converters around the medium-frequency transformer (two 
inverters on the transformer primary side and one voltage-
source active rectifier connected to the secondary winding). 
This unit is running on a personal computer platform and con-
nected to the microprocessor using a universal serial bus 
(USB) interface. 

Switching converters employing power semiconductors 
might disturb electronic devices in their surroundings. How-
ever, in most cases, it is not possible to place microprocessor-
based controllers outside this disturbed area. Therefore, it is 
necessary to select a suitable communication protocol for reli-
able communication between the human interface (PC) and 
the microcontroller (DSP). We could either use some indus-
trial standard like MOBUS [7] or develop our own. 

II. DESCRIPTION OF DESIGNED CONVERTER PROTOTYPE 
The laboratory prototype of our locomotive converter con-

sists of two input voltage-source active rectifiers in series con-
nected to the trolley wire through the input inductance, two 
voltage source inverters generating two 400-Hz square-wave 
voltage signals, which supply the two primary windings of the 
medium-frequency transformer (Fig. 1). The secondary volt-
age-source active rectifier is connected to the transformer sec-
ondary winding and its output supplies the output inverter (the 
vehicle drive) by DC voltage. 

Each group of converters is controlled by its own digital 
signal processor; each DSP has its own master control and 
diagnostic unit, which serves as the human interface. The unit 
makes it possible to carry out system diagnostics for the mi-
croprocessor regulator, perform system tuning and setting 
control commands in the DSP. The laboratory prototype men-
tioned above uses three different master control and diagnostic 
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units. This contribution concentrates on the second unit (MCU 
2), which is used for control of converters around the me-
dium-frequency transformer (Fig. 1). 

 

Fig. 1.  Configuration of designed laboratory prototype of traction converter 
with medium-frequency transformer. 

III. CONTROL OF CONVERTERS AROUND MEDIUM-
FREQUENCY TRANSFORMER 

The master unit is the main agent for communication with 
the user. It ensures transmission of user-set parameters to the 
digital signal processor (in our case Texas Instruments 
TMS320F2812), which performs the control of the particular 
sections of traction converter. The master unit makes possible 
not only to transmit the control commands, but also provides 
us with comprehensive diagnostic feedback, so that the user 
can observe all required signals. The designed unit is hosted 
on a PC. The communication between both systems is very 
important for the whole prototype and, therefore, we have 
chosen the flexible USB as the communication platform. The 
baud rate was selected 160,256 bits per second—this is a 
compromise between the computational performance of our 
personal computer and a sufficient data transmission capacity. 
We employ our own packet-based protocol. When the DSP is 
running, it is sending new data continually. The PC sends new 
data (control commands) only if control commands are 
changed in the master unit. Received data are processed and 
interpreted graphically. The detailed configuration of the con-
trol hardware is illustrated in Fig. 2. 

The converters around the medium-frequency transformer 
consist of two voltage-source inverters, which supply two 
primary windings of the medium-frequency transformer, and 
the secondary voltage-source active rectifier. The DSP con-
trols these inverters to generate a 400-Hz square-wave volt-
age. The secondary rectifier handled by the same DSP is con-
trolled to provide us with the required output DC voltage of 
600 V. Moreover, the secondary rectifier employs the hystere-

sis control of the secondary winding current—for details 
about converter control see [8]. 

The proposed control of secondary voltage-source active 
rectifier is shown in Fig. 3. First, the instantaneous value of Uc 
is subtracted from the required Ucw. Then, the PI controller 
sets the required current amplitude Imw, which is multiplied by 
sign(us) in the following step. Thus, the required current 
waveform is computed. Next, the instantaneous value of is is 
subtracted from isw and the current error enters the hysteresis 
control block, which generates firing pulses. 

 
Fig. 2.  The implementation structure of the entire system. 

The control strategy described above is suitable for the rec-
tifier operation mode. However, in case of the inverter opera-
tion mode, the control algorithm must be complemented by a 
reference shift block (Fig. 3). 

In the inverter operation mode, if the input voltage us 
changes its polarity, the voltage applied to inductance L (Fig. 
2) is much lower than in case of the rectifier operation mode. 
Therefore, the di/dt gradient is not high enough to cause suffi-
cient rate of the current polarity change. Thus, the reactive 
power transmitted in the inverter operation mode increases. 
The proposed control strategy includes the reference shift 
block, which shifts the required current isw waveform ahead 
by a phase angle sϑ . The current starts to change its polarity 
earlier and the reactive power is reduced. This solution leads 
to considerable improvement of operation efficiency. The ref-
erence shift block is activated only in the inverter operation 
mode. In case of the rectifier operation mode, there is no 
phase shift between the required current isw and secondary 
winding voltage us. 

While using hysteresis control of the current, the switching 
frequency is directly affected by the value of Δis. In traction 
applications, high power semiconductor components must be 
used and it causes considerable switching frequency limita-
tions. In order to achieve a suitable switching frequency, the 
value of Δis should be nearly half of the nominal Im. 



 

 
Fig. 3.  Proposed control of secondary voltage source active rectifier. 

IV. DESIGNED COMMUNICATION PROTOCOL 
The communication protocol ensures reliable data transfer 

through the connection line between the master unit and the 
digital signal processor, and vice versa. It has to meet several 
requirements. Especially, the communication has to be fast 
enough and resistant to electro-magnetic interferences. We 
designed our own protocol; its simplified packet structure is 
shown in Fig. 4 and a more detailed one in Fig. 5. 

The packet size changes with the amount of transmitted 
data. Every beginning of the individual packet is signalized by 
a head, which is unique in the whole frame and cannot be in-
terpreted incorrectly. This head ensures the synchronization of 
the transmitter with the receiver. Than, the transmitted data 
elements follow; they are composed of three 16-bit numbers 
or their multiples. Next, the control byte is transmitted within 
the frame, which serves for correct packet masking. The cyclic 
redundancy check (CRC) code is inserted in the end of the 
frame; it enables the receiver to check over the received data. 
In case of a transmission error, the data are discarded and a 
new packet is expected. 

The MCU running on the PC enters 6 control commands 
into one frame and the new frame is transmitted from PC only 
when the input parameters are changed by the user. On the 
other hand, the DSP informs the MCU about its state using 15 
values in one frame and the DSP transmits these packets con-
tinually, because it is necessary to monitor the power and con-
trol circuit in real-time. 

 

 
Fig. 4.  Simplified packet structure. 

 
Fig. 5.  Detailed packet structure. 

V. NOMENCLATURE OF TRANSMITTED DATA 
The list of transmitted values is given below. The following 

list matches the sequence of parameters in one communication 
frame. Due to the packet structure, it is possible to transmit 
only packets of N × 3 × 16-bit numbers, where N is an integer. 
For this reason, the packet contains also “Reserve values”. 

A. Communications PC → DSP 

1. UCW Secondary rectifier: output voltage com-
mand. 

2. IMW 
Secondary rectifier: current amplitude com-
mand. 

3. UCW/ IMW Choice of regulation UCW/ IMW (log. 0/ 1). 
4. Start/ Stop Start/ Stop of primary rectifiers (log. 0/ 1). 
5. Reserve  
6. Reserve  

 

B. Communications DSP → PC 
1. UC2 Primary rectifier 2: output voltage. 

2. uS 
Secondary rectifier: input (sec. winding) 
voltage. 

3. iS 
Secondary rectifier: input (sec. winding) 
current. 

4. UC1 Primary rectifier 1: output voltage. 
5. UC Secondary rectifier: output voltage. 

6. UCW 
Secondary rectifier: output voltage com-
mand. 

7. IMW 
Secondary rectifier: current amplitude com-
mand. 

8. iSW Secondary rectifier: current command. 
9. fSPmax Average switching frequency. 

10. PS Secondary rectifier: active power. 
11. ISEF RMS value of secondary winding current. 
12. Start/ Stop Primary inverters: run indication (log. 1). 

13. Start/ Stop Secondary active rectifier: run indication 
(log. 1). 

14. Fault Fault indication (1 = everything OK, other 
number = fault type) 

15. US RMS value of secondary winding voltage. 

VI. DESIGNED MASTER CONTROL AND DIAGNOSTIC UNIT 
The master control and diagnostic unit is composed of a 

few cards. The first card serves for communication setting and 
transmitted data monitoring. The most important control part 
is placed on the right side and it is always visible. Thus, the 
designed structure enables to enter control commands from 
every panel. The fundamental commands are UCW, IMW, 
UCW/IMW control selection (for debugging procedure only), 
primary inverters and secondary rectifier start/stop command, 
and data flow and graphs locking. This panel also contains 
three signalization LEDs, which notify us about the state of 
the controlled power circuit (inverter switching, rectifier 
switching, error). We can see the configuration of this panel in 
Fig. 6. 

The second panel shown in Fig. 7 is the most important di-
agnostic panel used during the testing procedure; it contains 



 

the employed converter scheme together with the control 
structure, and displays instantaneous values of several impor-
tant signals. This panel enables us to check quickly the behav-
ior of the described prototype part.  

Real-time displayed waveforms are shown in the next four 
panels (Fig. 8 – Fig. 11). The waveforms very well correspond 
to the reality. Finally, we have the option to save the collected 
data into a file or directly export the graphs. 

 

 
Fig. 6.  MCU2 – Configuration panel. 

 

 
Fig. 7.  MCU2 – Control structure panel. 

 

 
Fig. 8.  MCU2 – Basic waveforms panel. 

 

 
Fig. 9.  MCU2 – Transient monitoring panel. 

 

 
Fig. 10.  MCU2 – Panel for control tuning. 

 

 
Fig. 11.  MCU2 – Other information panel. 

VII. SELECTED EXPERIMENTAL RESULTS OF DESIGNED 
LABORATORY PROTOTYPE 

In the laboratory, we need several signals from the micro-
processor controller to be displayed and monitored. In case of 
explored prototype of converter with medium-frequency trans-
former, we require, e.g., the secondary winding voltage, sec-
ondary winding current, DC-link voltage of both rectifiers, as 



 

well as transmitted power. Figures below show the important 
correspondence between the displayed and real data. We can 
observe the secondary winding voltage, the secondary wind-
ing current and the DC-link voltage of secondary rectifier in 
Fig. 12 under transient conditions (change of the converter 
operating mode: rectifier mode → inverter mode). These 
waveforms were recorded by a digital oscilloscope (Fig. 12, 
Fig. 14 and Fig. 16). Highly comparable waveforms can be 
seen in Fig. 13, Fig. 15 and Fig. 17, which were recorded by 
the master unit. 

The photography of the designed and tested laboratory pro-
totype of the traction converter is shown in Fig. 18. 
 

 
Fig. 12.  Transient of operation change: Rectifier mode – Inverter mode. 

 

 
Fig. 13.  Transient monitoring panel. 

 
 

 
Fig. 14.  Inverter mode – detail 1. 

 

 
Fig. 15.  Basic waveforms panel. 

 

 
Fig. 16.  Inverter mode – detail 2. 
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Fig. 17.  Panel for control tuning. 

 

 
Fig. 18.  Laboratory prototype of 12-kW rated power. 

VIII. CONCLUSION 
The proposed master control and diagnostic unit has been 

implemented and tested in the new laboratory prototype of the 
traction converter with the medium-frequency transformer 
intended for locomotive drives. In this paper, only one MCU 
was described, but the whole converter is controlled via three 
MCUs. The final unit design (MCU2) is appropriate for tun-
ing and control of converters around the medium-frequency 
transformer. Output waveforms correspond well to the reality 
and they complement measurements performed by digital os-
cilloscopes. We could improve the waveforms’ quality by 
increasing the baud rate, but it would require more computa-
tional performance of the PC. The results presented above 
were achieved using a PC with Windows XP operating sys-
tem, Intel Core Duo 1.66-GHz processor, and 1 GB of RAM. 
If we need better transient waveform quality, it is possible to 
store the data into a buffer in the control hardware and display 
it later (off line).  

 
 

 

The original results of this contribution are summarized be-
low: 
 The new communication protocol has been created for 

reliable data transmission between the master unit and the 
digital signal processor through the USB interface. 

 Our protocol has been implemented in the form of a 
driver for easy operation. 

 The master control and diagnostic unit has been created 
also in the form of a driver for convenient and fast use in 
new applications. 

 All units are thoroughly verified by experiments per-
formed on the laboratory prototype. 

 The proposed master units can also be controlled via the 
internet using a web browser.  

 Our protocol is not the only alternative for communica-
tion. We can easily change the communication driver and 
switch to some conventional communication standard.  
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