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Abstract
This research project occupies with the development of a solid converter with a good value. The
task is to feed the public net (230VAC/50Hz or 110VAC/60Hz) with fuelcell or photovoltaic energie
(40 to 80VDC). Because of the claimed properties of the serial product (e.g. low price, low weight,
small dimensions) a converter with high frequency transformer was built as a lab sample. The
most modern and best electronic devices were taken to get an efficiency of approx. 92%, in spite of
not finishing optimization work yet. The aim of this project is to construct and to build up a
converter (power rating 3500W) for feeding the net.

1. Introduction
The utilization of worldwide conventional resources (e.g. coal, oil, uranium, etc.) are to be subject
to different restrictions. The worldwide power demand, increasing since 100 years exponential,
causes more and more environmental impact (CO2, NOx, greenhouse effect, waste disposal, etc.).
The energie resources were exhausted medium or long term conditional on limitation, so the
question of energy turnaround has to be asked. Renewable energie resources have to be made
available consequently and the existing energie resources have to be utilized with much more
effectiveness.
Because of this points of view the institute "Electical Machines, Drives and Power Electronics" of
the University of Dortmund would like to contribute at the development of fuelcell and
photovoltaics to save power supply on the long run. To use this renewable energie effectively, a
low-loss conversion from low dc voltage (40 to 80VDC) to high ac voltage (230VAC/50Hz or
110VAC/60Hz) is important. Afterwards it is possible to feed the public net. The working group
"Power Electronic and Renewable Power Supply" is engaged in the development of a low cost
solid converter with high efficiency to ensure house supply. The fuelcell and photovoltaic energie
not needed in the house is feeded decentral into the public net.



2. Concept and Circuit Description
While fuelcells (SOFC) worked most effectively on a fixed operating point with constant dc
voltage, the operation voltage of photovoltaic generators depends on special boundary conditions.
The irradiation- and temperature-sensitive characteristics of photovoltaic generators caused
different dc power. In consequence the power converter has to adapt itself to different operating
points. Most of the electrical energy is produced in a range of 30 to 50% of power rating, so the
maximum efficiency of the converter has to be in the same area. To fulfil this condition it is
allowed to decrease the power rating of the converter up to 10% in relation to peak power rating
of photovoltaic generator. Depending on boundary conditions the converter modulates the input
impedance by the maximum power point (mpp) methode. Therefore in every operating point the
most possible power is received.
In contrast to photovoltaics, where power depends on boundary conditions, the produced electrical
and thermal power of the fuelcells should be controlled in a wide range by real power demand.
Because the electrical fuelcell power depends on the consumer, most of the electrical energy is
produced in a range of 50 to 70% of power rating, if the whole system is dimensioned usually.
Analogical the maximum efficiency of the converter for this application has to be in the same area.
The goal is to design an universal applicable serial converter which is able to combine the
requirements of fuelcell and photovoltaics, so that the maximum efficiency is reached at 50% rated
power.
The first step of the project was the analysis of all known converter concepts taking into
consideration the special boundary conditions e.g.:
- converter with transformer (50Hz transformer; high frequency transformer)
- transformerless converter (boost converter; zeta converter)
- special converter (converter with different input voltages; resonant converter).
Particularly the concepts were close analyzed with regard to the development aims and the
potential for development by using the most modern devices was checked. The issue of the analysis
was the selection of the circuit converter with high frequency transformer.
In the past it was only possible for this circuit version to reach an efficiency of definite less than
90% by using devices usual in trade. At the time modern photovoltaic converters are constructed
for high input voltages, i.e. a larger number of modules are necessary, so that no voltage adaption
between input and output has to be made.
The second step of the project was the development of a converter lab sample with most modern
and best electronic devices at the market (partly only samples). Thereby the circuit version
converter with high frequency transformer was realized with the following illustrated components:



Figure 1: principle converter wiring diagram

The input supply of the converter is a dc voltage in the range from 40 to 80VDC generated by
fuelcell or photovoltaics. The input full bridge converts the dc voltage into a square wave voltage
with a frequency of 100kHz, therefore the use of a high frequency transformer is permitted. To
stabilize the input voltage and to provide the reactive commutation power a capacitance is put in
front of the bridge. A suitable slight input filter and a pulse-width modulation of 50% cuts off dc
magnetization of the high frequency transformer. The used low voltage MOSFETs are the best
electronic devices with regard to the boundary conditions (low voltage/high frequency). These
MOSFETs have the lowest possible switching and on-state losses. The on-state resistance (rds on)
was reduced by 75% compared with previous MOSFETs of the same operational area. The driving
is made by standard half brigde ICs.
The following low-loss hf transformer, working at a frequency of 100kHz and rated power of
1000VA, converts the input voltage to the higher voltage of 320VAC. The self calculated
transformer is realized with a low cost ferrite-core and hf flexible strand. To obtain the needed dc
voltage, the high voltage sqare wave is rectified with a SiC diode bridge and stabilized with an
intercircuit. The voltage drop of these special SiC diodes (samples) is reduced by 50% minimum
compared with pin diodes (similar to Schottky diodes). Because of the SiC technology the reverse
recovery current peak disappeares nearly complete. Therefore the snubber circuits (rc or rcd) to
reduce overvoltages of diodes and hf transformer are extremly simplified. The intercircuit
capacitance stabilizes the dc voltage and provides the reactive commutation power for the
following bridge.
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The output full bridge feeds the public net with a sinusoidal current after passing a dedicated
filter. The on-state resistance (rds on) of the CoolMOS transistors (600V) is reduced by 70%
compared with conventional MOSFET types. The voltage drop of these CoolMOS in the point of
maximum current load is less than the drop of a corresponding IGBT. The driving principle of the
output full bridge is a pulse-width modulation (pwm) with a frequency of 20kHz. In combination
with the output filter a 50Hz sinusoidal current is generated. The driving of the CoolMOS is made
by standard half bridge ICs.
The realization of this converter permits the variation of amplitude and phase of net feeding to
make capacitive or inductive reactive power available. A provider of a public net is able to effect
an active improvement of the net quality.

3. Measurement and Efficiency
All presented measurements are recorded at the lab sample with a power rating of 1000W. In the
following diagrams, the currents and voltages are shown at selected positions in one operating
point. This allows to calculate the efficiency of several components and of the whole converter.

  

                  Figure 2: converter input                                     Figure 3: hf transformer input

Figure 2 shows the input current and voltage of the converter. Contrary to the very stable voltage
the current has a high ripple factor yet. The input power is 311W. The curves at the input of the hf
transformer are diagrammed in figure 3. The switching frequency of 100kHz and the relative high
dead time (one microsecond) of the input bridge can be read off the voltage curve. Nearly no
voltage overshoot can be noticed. The current is recorded at the maximum of the output sinusoidal



curve. The input power of the transformer is 305W, which results in an efficiency of 98.1% of the
input bridge.
Figure 4 shows the records at the output of the hf transformer. The principal analogy between
primary and secondary side of the transformer is very pregnant. The voltage was raised to the
necessary height of 320VAC. The strong oszillation at one specific point of the curves is due to the
fact of impacting by both full bridges (input and output). They were both switched off at the same
time. A power of 304W was measured at the transformer output, which corresponds to an
efficiency of 99.5%.
The current and voltage curve at the output of the diode bridge is displayed in figure 5. At this
point the frequency is 200kHz because of the rectifying. In this diagram the dead time of the input
bridge can be well read off the current curve, too. During this dead time the transformer is not
able to carry forward any power. So the output current comes from the intercircuit capacitance,
which is the reason for the voltage ripple. Noticeable are the very low reverse recovery current
peaks of the used SiC diodes. At the output of the rectifier the power is 300W, which results in an
efficiency of 98.8%.

  

              Figure 4: hf transformer output                                  Figure 5: rectifier output

In figure 6 the converter sinusoidal output current and the corresponding voltage are drawn. The
noticeable low distortion at zero crossing comes from the not ready optimized driving circuit. The
measured output power is 286W, so the efficiency of the output bridge including the output coil-
and-capacitor filter is 95,5%.
If the efficiencies of the different components of the converter are multiplied, the result is the
efficiency of the whole converter with approx. 92%.



Figure 6: converter output

4. Outlook
The optimization work of the lab sample with rated power 1000W has to be finished up at the end
of the year. Thereby the dead times of the input bridge and the complete driving and filtering of
the output bridge should be analyzed. Afterwards the geometrical structure of the converter will
be
improved by reducing the length of the wirings, which were necessary for data recording. Then it
is possible to repeat the measurement and to get an efficiency nearby the later serial product.
At the same time another lab sample with rated power of 3500W will be build up, which has the
power of the single-phase serial product. At the beginning of next year the teamwork with an
industrial partner will be intensified in order to speed up the development of the lab sample to a
prototype and the prototype to the serial product. Two years later at the beginning of the year
2003 the converter will be brought on the market.
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