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Abstract: This paper deals with design and realization of control system and power part in application
for micro hydropower plant consisting of non-regulation turbine and asynchronous generator working
in isolated network. The micro hydropower plant is intended to serve as a substitute for gasoline
generators at appropriate locations, thus reducing environmental impact and increasing electricity
coverage in remote locations. The main goal was to design its own control system, which will be
more cost-effective than using a PLC. The next part deals with the design of the power part needed to
control the water turbine. An integral part was also the assembly, commissioning and programming
of its own control system.
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1 INTRODUCTION

Today, electricity is part of everyday life and we cannot imagine life without it. Few people also
know what is behind the production of electricity and the only thing that is important for consumers
is its final price (cost of technology, fuel price, maintenance and other factors). Less emphasis is
then placed on the impact of the environment. The nation’s goal is to strive to produce energy from
renewable sources as much as possible so as to minimize the burden on the environment.

The main idea of the work is to replace the portable gasoline generator in places without access to the
public network. Although these generators are affordable, they are expensive to operate and produce
emissions.

This paper deals with the design and implementation of a control system and power part of the con-
trol for a water micro source consisting of a non-regulating turbine and an asynchronous generator
operating in an isolated network. The project is developed in cooperation with the company ELZACO
spol. s r.o..

2 REQUIREMENTS FOR IMPLEMENTATION

The aim was to design and implement a control system for a water micro source at an affordable
price, as the final product should be exported to third world countries. Another requirement was the
simplicity of operation due to the designation for operation without special qualifications. The task is
to create the electrical part of the generator control, where in the development phase I will replace the
turbine with the generator with a pair of directly mechanically connected asynchronous motors. One
asynchronous motor will have the function of a turbine with a torque curve similar to a turbine, which
will be realized by a frequency converter. The frequency converter will provide protection against
possible conditions to which the turbine may enter and will be more resistant to control deficiencies
during initial tests. The next phase will be testing the control at the site connected to the turbine.
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The use of a self-excited asynchronous generator [1] [2] with one output phase was one requirement
in order to reduce the purchase price. However, this requirement places increased demands on control.

2.1 PRINCIPLE OF IMPLEMENTATION

The control principle used is based on the fact that the turbine power is approximately constant around
the rated speed at a constant flow and gradient (non-regulating turbine). Constant speed is achieved
with the help of a constant load on the generator. Thus, the so-called ballast (artificial) load will be
used, with the help of which it is possible to achieve a constant load of the generator even if no load
is connected to the source output. When the payload changes (connection of an external device), the
power balance is balanced and the speed is changed. However, for operational reasons, the turbine
may change its power over time (change of slope and flow) and mere regulation to constant power
is not sufficient to maintain the operating parameters of the isolated network. Another control factor
is the output voltage, which in a self-excited asynchronous generator depends on the size of the
excitation capacity and the load impedance. Improper design of excitation capacities will prevent
speed control due to the behavior of the generator as a soft voltage source and the turbine can then
reach continuous speed, which is not suitable for long life of the micro source.

The control parameters should meet the standard for petrol generators ČSN ISO 8528-5. For the
transient and in terms of steady state, the output of the source will be compared with the parameters
of the normal network specified in the standard ČSN EN 50160 ed. 3.

3 CABINET

The figure 1 shows a block diagram of the overall system connection. The connection for testing will
be different for the turbine, which will be replaced by a motor-generator (described in the chapter
2.1) and the control system will be located in a different switchboard than the power section. The
connection between the power switchboard and the control switchboard will be made using cables
with heavy connectors. This solution was chosen due to the possibility of simple replacement of
the control system. During the final design, the switchboard will be optimized to the most compact
dimensions.

Figure 1: Block diagram of the switchboard of the power section of the water micro-source
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4 CONTROL SYSTEM

Given the requirement to minimize cost, an alternative to a PLC control system was considered. The
analysis revealed that with the proposed control system, the price could be a quarter compared to a
solution with a PLC. The savings do not only lie in the price of the control system, but also in the
implementation of the network analyzer as a peripheral into the control system itself.

(a) Assembled own control system (b) Power control cabinet

Figure 2: Own control system and power control cabinet

4.1 PERIPHERALS OF THE CONTROL SYSTEM

I/O peripherals have been designed according to industrial requirements (similar to PLC). Thus, dig-
ital I/Os are designed with levels of 24 V and analog I/Os have ranges 0...10 V or 0...20 mA.

The control system contains the following peripherals:

• 16 digital inputs with 24V V logic level, they are galvanically separated to 5 kV .

• 4 fast digital inputs differ from normal digital inputs only in speed, higher impedance, com-
parator, the possibility of measuring time events and counter functions.

• 20 digital outputs, which are solved as an open collector using the circuit VN340. Subse-
quently, the outputs are equipped with a fuse on the power input and are galvanically isolated
to 2.5 kV .

• 4 analog inputs are switchable between voltage and current. Voltage inputs are possible as
0...10 V and current inputs in the range 0...20 mA, where it is possible to set the range 4...20 mA.

• 4 analog outputs are current in the range 0...20 mA with software option to select range
4...20 mA.

• Display displaying the measured data using a 4-digit alphanumeric display and in combination
with an encoder allows setting of basic parameters.

• USB will allow setting advanced parameters using a PC application.

• Memory - the control system includes the possibility of inserting a micro-SD memory card.
There is also an external EEPROM and RAM memory.

• Power meter supports voltage measurement in the range ±500 V DC and current measurement
0...5 A AC, which requires a current measuring transformer, the conversion of which determines
the maximum measured current.
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4.2 REALIZATION

The control system (figure 2a) was designed as one four-layer printed circuit board. An ARM proces-
sor from Atmel ATSAM4E16 [3] was chosen as the main processor. The first implemented version
of the control system showed shortcomings in the accuracy of current measurement. The cause of
the inaccuracy was the circuit used using Hall probes. This circuit had a very unstable signal at its
output, which led to unsatisfactory measurement accuracy. In another version of the prototype, the
principle for measuring current was changed using a measuring current transformer, the output cur-
rent of which causes a voltage drop across the measuring resistor. This voltage drop is then amplified
and measured by an AD transducer.

The programming environment Atmel Studio 7 was used for the development of the SW. The control
system contains a program for the operation of peripherals and currently only the implementation of
the control algorithm for the micro source remains.

The HW was installed, revived, tested and SW equipment was created to operate all peripherals of
the control system.

5 CONCLUSION

I managed to design, revive and test our own control system for a water micro source with other own
peripherals. The implementation of a network analyzer proved to be particularly challenging. One of
the advantages is the start-up time in terms of control and safety at start-up, as the battery for starting
the control system does not have to be implemented before the water supply is opened and thus the
control system will switch on when the generator starts.

It is estimated that the cost of the proposed control system could be a quarter compared to using a
PLC solution. In the next phase of control system development, the design of the control system for
industrial use will be reworked. The main change will be the partition into several sub-boards and
their placement in a box on a DIN-rail to save space and pass EMC tests. The use of the control
system does not have to be limited to a water micro source, as it has been designed universally.
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