
 
Abstract—This research project deals with the development 

of a solid, intelligent converter with a good value. The energy 
of fuel cells or other low-voltage energy-sources (40 to 80VDC) 
is feeded decentral into the public net (230VAC/50Hz or 
110VAC/60Hz). Because of the requirements of the serial 
product (e.g. low price, reliability, range of use) a prototype of 
a converter with high frequency transformer was built. The 
latest electronic devices and a digital signal processor as 
central controller have been applied to achieve high efficiency 
and flexible power injection. It is possible to obtain 
improvements of the local voltage quality and stability by 
adjusting active and reactive power as well as power factor 
and current shape.  
 

I. INTRODUCTION 
The worlds conventional energy resources are limited and 

will be exhausted by a medium or long period of time. It 
rises the question of available, adequate alternatives. 
Consequently renewable energy resources have to be made 
available and the existing energy resources have to be 
utilized much more efficiently. Because of these facts this 
research group would like to contribute to the development 
of fuel cell technology to ensure power supply on the long 
run. To make use of this renewable energy effectively, a 
low-loss conversion from low DC voltage (40 to 80VDC) to 
high AC voltage (230VAC/50Hz or 110VAC/60Hz) is 
important for feeding the public net. The working group 
,,Power Electronics and Decentral Power Supply'' is 
engaged  
in the development of a low cost and adjustable converter 
(approx. 1000W) with high efficiency to ensure house 
supply and to be a part of a virtual power plant. 
 

II. CONCEPT AND CIRCUIT DESCRIPTION 
The electrical power, that has to be produced is 

determined by load (internal) or higher level demands 
(external). Thus high efficiency is necessary over a wide 
range of power. An additional task for a modern converter is 
to improve local voltage quality. The circuit ,,inverter with 
boost-converter'' is able to achieve these requirements. The 
functionality is explained in figure 1. 

The converter is supplied from a fuel cell with 40 to 
80VDC. The first full-bridge converts the DC-voltage to a 
square voltage with a fixed frequency of 100kHz. To obtain 

lowest losses, special low-voltage MOSFETs are used, 
which meets the boundary conditions of the circuit (high 
frequency, low voltage). A very efficient high frequency 
transformer was developed to transform the voltage to 
approx. 365V at rated power of 1000W. A SiC rectifier and 
the following inter-circuit provide the required high DC-
voltage which is necessary for DC/AC-conversion. This last 
conversion is done by the output full bridge. The used 
CoolMOS transistors (600V) are driven in a way that meets 
the internal or external requirements on the injected current. 
After suitable filtering, the adaptable current (50Hz or 
60Hz) is able to feed the net. 

 

 
As figure 1 shows, voltages and currents are measured at 

four positions. All values are measured time-dependent. The 
DSP records these values and calculates the required 
average and rms values. The measurements at the converter 
input are necessary to ensure the limits of the particular fuel 
cell. These are e.g. the maximum di/dt and current ripple. 
To ensure optimal utilisation of the high frequency 
transformer and sufficient flow of energy, the output of the 
boost-converter and the inter circuit are monitored. These 
values are also needed for better stability of the loop 
control. The measurements of voltage and current at the 
output of the converter and at the net are used to 
synchronize the converter with the net and to guarantee 
exact control of power injection complying with the internal 
or external demands.  

 

III. CURRENT CONTROL 
The intention of the current control is to inject the current 

according to the demands. By changing amplitude, power 
factor and in future shape it is possible to improve voltage 
quality. As shown in figure 2 the procedure is the following: 
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Fig. 1.   Block diagram of the adjustable converter 
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A request like feeding active or reactive power into the 

net or to reduce harmonics reaches the converter. First it is 
verified that the fuel cell is ready for operation and able to 
deliver the required power. Then the converter synchronizes 
itself to the net. Now it connects to the net in a nearly 
current less way and activates the current control. The most 
important input parameters are the net-voltage and the net-
current. These values are used for zero crossing detection 
and to control the power factor. 

All information about internal and external demands, all 
measurements and the results of the analyses are bundled in 
the current control. Thus it is able to improve the voltage 
quality of the net by driving the power electronics.  

 

IV. MEASUREMENTS 
The following measurements are recorded at a prototype 

of an adjustable converter with a rated power of 1000W. 
There are two possible modes of operation:  

The first is the injection mode in which the converter 
feeds the public net with a sinusoidal current. This current is 
adjustable in amplitude and in position as shown in figure 3: 

 

 
In spite of  the typical not sinusoidal voltage shape of the 

public net the converter is able to inject a sinusoidal current. 
In the figure above three extreme examples are shown: An 
only reactive capacitive current at 375Var, an only active 
current at 500W and an only reactive inductive current at 
375Var. In most cases a combination is requested as shown 
in figure 4: 

 

 
Again the non-sinusoidal voltage of the public net is 

recorded in the diagram. The currents represent an apparent 
power of  625VA with a power factor of +0.75 respectively 
–0.75. 

The second operation mode is the island mode, in which 
the converter is not connected to the public net. Then the 
converter has to generate its own net to energize a single 
house as a kind of uninterruptible power supply (UPS).  

In this case the generated voltage is sinusoidal as shown 
in figure 5: 
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Fig. 2.   Block diagram of the current control of the adjustable fuel cell 

converter 
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Fig. 3.   Diagram of active and reactive currents and voltage in operation 

modus injection 
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Fig. 4.   Diagram of reactive currents (power factor 0.75) and voltage in 

operation modus injection 
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The recorded current is the needed current of the loads in 

the house, here it is nearly active with a power of 500W.  
 

V. OUTLOOK 
The task for the future is to optimize the prototype with 

rated power of 1000W and to extend the control algorithm. 
The run of the net-voltage curve is harmonic analysed 
which provides information about amplitudes of the 
harmonics. To reduce them it will be possible to change the 
shape of the injected current. The effect will be an 
improvement of the voltage shape of the local public net. 
Later when the number of this adjustable converter in a 
local public net increase it will be possible to receive a real 
sinusoidal voltage without harmonics. 

In parallel a lab sample with rated power of 3500W is 
developed. This is the rated power for the single phase serial 
product. It is planned to carry out a field test in the next year 
together with an industrial partner an electric utility to 
improve the reliability and the control characteristics of the 
converter. 
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Fig. 5.   Current and voltage in operation modus island 
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