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Abstract - This paper describes the design and con- struction of a new series of power converters equipped with liquid cooling
system. This power series is created for project ENET - Energy Units for Utilization of non Traditional Energy Sources. First power
converter is determined for stationary battery system use, the second one is used as an inverter/rectifier for a small solar plant
system and the last power inverter is used as a fast charger for electric vehicles. Energy balance is performed for the fast charger
converter, which is solved using numerical simulations of the system.
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1. INTRODUCTION

The present energetic development is oriented into the considerable incorporation of alternative and renew- able energy
sources into the standard electrical grids in an effort to build very efficient, economic and reli able smart grids. This approach
produces a series of technical problems, which have to be solved. One of the most actual ones is the electric energy accumula-
tion. The solar plant systems and especially the fast charger stations for electric vehicles and many other applications are the
typical examples, which will be discussed further.

To satisfy an efficient and economic functioning of such station, the energy surplus has to be stored into the batteries and
extracted back when necessary. It is also necessary to ensure sufficient battery power for fast charging of the electric vehicle’s
traction batteries. These power converters are needed to provide an efficient and reliable energetic power flow between the
accumulation units and other devices.

1.1 Reversible Voltage Inverter

The energy storage system for which it is necessary to create a 3-phase voltage inverter with the two-way flow of energy
arises in the project ENET. This inverter has several important functions in relation to the electrical grid. The mostimportant
of these are the link between energy storage batteries and electrical grid, correction element of the electrical grid, backup
power mode for the position in the island mode seized power operation and a few other less important functions. Due to the
required converter’s functions and inclu-sion in the traction which is linked with the speci-fied output type, the inverter
power output is preset to about 70 kW. The proposal indicates that the ex-pected converter power losses will be in the order
of several kilowatts. Voltage level on the DC side varies from 380 to 450 V. On the electrical grid side, the con-verter is
connected to the 230 V mains. Therefore, the converter’s nominal output current is 180 A.

Brieflook on the power circuit of the converter indi-cates that it is a simple 3-phase unit consisted of IGBT modules. These
modules are connected via/to the sys- tem bus. The DC circuit capacitor bank is included. The capacitors are designed for
rapid exchange of en-ergy necessary for the proper function of the converter. Due to power losses mentioned above would not
be ap-propriate to use an air cooling system, therefore the liquid cooling system is used instead [2],[7].
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Fundamental Inverter Circuit Design
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Fig. 2: Sample of design solutions of the reversible voltage in-verter. The first appearance of the inverter is shown in the
basic position. On the other illustrations, there are several views inside the inverter

The converter is controlled by a control system which was directly invented for a series of these converters utilizing the
digital signal processor TMS 320F28335. This control system includes several signal inputs for real-time circuit
measurements. Furthermore, the 12 PWM channels and analog outputs are used for ser- vice purposes [5].

1.2 Power Inverter for Solar Power Plants

Nowadays, there are lots of solar power plants with inefficient time-average power operation, which brings the idea of
surplus energy accumulation. Realization of this idea requires the storage system with energy stor-age capacity of about
hundreds of kVA. Such a system can be situated in a shipping container which is easy to install in the desired location and
would include a set of batteries for the accumulation of electrical en-ergy surplus and support equipment for the operation of
the system.

For the function of the storage system is necessary to use the power converter enabling transformation of AC power to DC
for battery charging, and vice versa for converting DC power to AC to supply the energy to the electrical grid. This converter is
placed between the electrical grid and the battery pack, see Fig. 3.
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Fig. 3: The circuit topology in which the converter is located

The inverter is designed as the AC connection be-tween electrical grid and the storage batteries. When there is an energy
surplus in the electrical grid, the en-ergy produced by the solar power plant will be stored in battery storage. Conversely, in a
time when solar power does not produce electricity or produces very little and in the grid is a requirement for power de-
livery, the energy is pumped from a storage battery to the grid. These particular modes of operation place de-mand on a 3-
phase pulse rectifier and a 3-phase pulse inverter. The topology of these converters enables uti-lization of the same
equipment which can work both as rectifier or inverter [8].

Power converter will be operated on the AC power supply with the parameters of 3 400 V/50 Hz, and storage batteries with
a capacity of 600 kVA. Due to the optimal utilization of the inverter the nominal out- put poweg-is 60 KkW. The connected
battery will have a nominal voltage of 800 V which at fully charged state gives approximately 1000 V. This value has to be
there- fore rated for the maximal inverter voltage. The in-verter will be operated in a closed air-conditioned con-tainer. To
ensure an adequate dissipation of heat gen-erated during operation of the inverter, there will be also used a liquid cooling
system.

Fig. 4: Sample of design solutions of the power inverter for the solar plants. The first appearance of the inverter is shown
in the basic position. On the other illustrations, there are several views inside the inverter

The inverter is designed as a 3-phase bridge con- verter. DC converter circuit is equipped with a capac-itor bank made up of DC
link capacitors in cylindrical cases. The 3-phase bridge is assembled from insulated IGBT module

1.3 Fast Charger for Electric Vehicles

Present days are a field of growing electromobility. For its further development is necessary to build a network of charging
stations. The ENET project thus develops fast charging stations for electric vehicles.
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Fig. 5: The circuit topology in which the converter is located.

The concept of this converter is very similar to the previous one, but this time it is a three-arm DC buck
converter. Power level of this converter is preset to 70 kW. This performance is chosen to maximize the
possibility of batteries charging for electric vehicles. The input voltage of this inverter is about of 800 V DC. The
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charged battery voltage mustalways be lower than the source voltage. The capacitor bank volu- me/capacity is
reduced, in comparison with the pre- vious converter [3],[4].
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Fig. 6: Sample of design solutions ofthe fast charger for electric vehicles. The firstappearance of the inverter is shown
in the basic position. On the other illustrations, there are several views inside the inverter

The insulated IGBT modules are used again as switching components in the fast charger. The current and
voltage sensors are distributed in the power circuit providing feedback for the PI controllers. The control
algorithms are provided by the con-trol system equipped with a digital signal processor TMS 320F28335,
which was developed on the Depart-ment of Electronics [6].

1.4 Efficient Fast Charger Structure

The DC Buck converter for charging of electric vehicles is one of the important parts of our develop ment. Therefore, we started
a detailed solution of partial tasks towards its realization. One of the tasks is the selection of the specific structure of such
inverter. Another one is to calculate and verify the power losses in the mathematical simulation. These tasks are presented in
this article. Among other tasks is the design of control systems and their algorithms. The correctness of design and proper
function of the converter are partially guaranteed by results of performed simulations and they will be definitively verified
after converter’s realization. The converter will be incorporated into the power structure arising in the ENET project.
Charging efficiency is very important factor in the possibility of wider application. From an economic point of view it is
necessary to transfer the energy to the battery with the lowest possible losses. In technical terms the losses cause other issues
that need to be reflected in the charging station design. However, there are always power losses, so there is a need to identify
and ensure the use of proper cooling equipment [1]
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Conclusion

This paper presents the design and construction of liquid cooled series of power converters for renewable energy plants or
smart grid systems targeted on the electric energy accumulation. The reversible voltage inverter is fully operational in these
days and the future work will be focused on the control algorithms optimization in order to enhance the efficiency of the
inverter. The power converter for solar plans and the fast charging unit were fully designed and their manufacturing
documentation was created. The future work will be focused on the realization of prototypes and following tests. There will
also be ameasurement of actual power losses and the consequent total efficiency on the real fast-charging station, which is now
being built.
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