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1. INTRODUCTION

Microhydro power plant is one of the renewable energy sources that has not been widely used in
Indonesia. Based on data from the ESDM department, indonesia has a hydropower potential of 75 000 MW
and currently only 13.9% that potential untapped [1], [2]. Therefore it should be increased use of the MHPP
in the area that has the potential to build a microhydro, so that the electrical energy needs do not depend on
the state electricity company.

The use of technology of application of power electronics devices is increasing lately [3]. Some
applications that use these devices [4], for example: power conversion, motor speed control, control the
efficiency of lighting and air conditioning, interface from the solar panels and many others. Recent studies
about power energy has been conducted by [5]. Control of DFIG Stator Voltage on Autonomous Micro
Hydro has been presented by [6]. In terms of the power conversion, power electronics devices used in the
MHPP as a control voltage and frequency. The controller is called with electronic load control (ELC). The
way it works is to transfer the surplus current from the main system to the dummy load.

At the moment the consumer electrical load decreased, then the electric current will be supplied to
dummy load. When there is a transfer load, there is distortion voltage and frequency, so we need special
methods to reduce distortion by accelerate the transfer of electrical load using specific control algorithms.
To design the control requirement, based on the classical control theory and modern control theory.
According to Aziz Ahmed [7] the use of classical control, usually using control PID, which require linear
mathematical models. Even though PID control has a weakness in the system of nonlinear model. For
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example in power electronics devices are DC-DC Converter,which has a switch with 3 conditions in one
cycle of the switching frequency. To overcome the drawbacks of PID, as presented by Dragan M [8] non-
linear models of electronic devices, can be transformed into state-space models using averaging method.
However, method obtained can only be used to model small signals.

Modern control theory, built based on feedback control, self-tuning control, and adaptive control
model [9], the controller also requires a mathematical model that is very sensitive to variations in the value of
the parameter. In certain applications, the use of fuzzy logic control can solve several problems [10]. As
studied by [11] at al, successfully applied Fuzzy Logic Controller (FLC) as an intelligence controller and
optimized for non-linear model. Furthermore a comparison studied was also done with genetic algorithm
technique [12]. The advantages of fuzzy logic control than conventional PID control is does not require a
mathematical model that accurately, can work with the uncertain input value, can handle non-linear systems.

This study discussed the fuzzy logic control capabilities in power electronics devices, namely
electronic load control (ELC). The simulation results will be shown as a result of fuzzy logic control
capabilities in the application of power electronics circuits. The results of fuzzy logic control will be
compared with conventional PI control.

2. RESEARCH METHOD

In designing this system, consists of several models, among other models of generator used is an
induction generator,electric load models with maximum power of 3.5 kW, and a capacitor model as
excitation by 4 kVar. Models created and simulated using matlab program. In the design, MHPP operated
stand alone. Here is model of the MHPP equipped with ELC control based on fuzzy logic.
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Figure 1. Model of Microhydro Power Plant based FLC

From Figure 1. Shows the MHPP system equipped with ELC. The system consists of several parts;
induction generator model and excitation system; main load model and dummy load; electronic switch model
and fuzzy logic control model. Generator is an important part of the system MHPP. In this paper, using a
3-phase induction generator with the parameters shown in Table 1.
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Table 1. Values of parameters induction generator

No  Parameters Value

1 Nominal power 4000 (VA)
2 Voltage ph-ph 400 (Vrms)
3 Frequency 50 Hz

4 Stator Resistance(Rs) 0.03513 pu
5  Stator Inductance(Ls) 0.04586 pu
6  Rotor Resistance(Rr) 0.03488 pu
7  Rotor Inductance(Lr) 0.04586 pu
8 Inertia 0.0404 H(s)
9  Friction factor 0.01841 F(pu)
10  Pole pairs 2p

Induction generator needs power reactive for generate a voltage.Reactive power supply comes from
the component capacitor with a capacitance of 100 microfarads. Capacitors are installed in parallel with an
induction generator and associated with the composition Y (Wye). Here is the Figure 2 model of excitation
system in the form of capacitor components.

Figure 2. Excitation System Model.

Modeling the load in this system, using components of the load resistor. The load of one another, are
arranged in parallel. On the other loads, paired a switch. This switch mounting purposes is to test changes in
load power usage. The switch works is based on a predetermined time. The following Figure 3. shows a
model of the load MHPP.
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Figure 3. Top Load Model
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The objective of this electronic switch is a to shift current that is not used by the load on consumers.
component electronic switch that used is a thyristor that connected in parallel to form a component TRIAC.
Installation of the switch is connected in parallel with the generator. The amount of current that is diverted
depends on the size of the control signal given to the gate TRIAC. The following Figure 4, shows the
configuration of the electronic switches in each phase.
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Figure 4. Electronic Switches Model

To control the amount of flow that entering to the transfer of the dummy load, then it takes a
controller, The controller in this paper uses fuzzy logic control. Fuzzy logic control generates a reference
signal for the opening of the gate at the TRIAC. Here is a figure block diagram of the fuzzy controller design.
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Figure 5. Fuzzy Logic Control System Model

From the Figure 5, controller fuzzy logic is given an input from the difference (error) values voltage
and frequency. Voltage error value is obtained by calculating the difference between the reference voltage
with the measurable voltage or actual. The value of voltage that used is the value of rmsvoltage. Frequency
error value is obtained by calculating the difference between the reference frequency with the measurable
frequency. Two defects will be managed by the fuzzy logic controller to generate the reference value duty
cycle. Rated duty cycle will be compared to the carrier signal in the form of a triangular signal. The results of
the comparison two signals, producing a signal in the form of pulses (PWM). Furthermore, this signal will
be connected to the gate of the electronic switch TRIAC component.
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Part of the fuzzy controller input, comprises 4 parts, namely the error voltage on phase A, phase B,
phase C and error frequency value. Membership function of each part input, using triangle function that
consists of 5 grades of membership, big negative, negatif medium (NM), negatif small (NS), zero (Z), positif
small (PS), positif medium (PM), positif big (PB). The value of each input will be evaluated by a fuzzy rule
to produce output decision. The next step is to get the value of the crisp from every evaluation results. This
step is called defuzzyfication. In this paper, defuzzyfication method used is the center of gravity (COG).
In Figure 6, shows the configuration design input and output fuzzy controller used in the control ELC.
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Figure 6. Design of Membership Fuzzy at ELC

3. RESULTS AND ANALYSIS

From planning system described before, then the following steps are the results of testing from
models of planned system.The system was tested by changing the load power usage. The results shown in the
image of voltage, duty cycle value and the current supplied to the dummy load. Because the system is
considered balanced, so the voltage value and current can be represented by a single phase is phase A.
Testing changes in power usage by the consumer, it do as much as ten times, with a large power drop of 250
w each time the test.The test results shown in Table 2.

Table 2 Result Testing Output Fuzzy Logic

P_load (W) Error Freq. (Hz) Vrms phase A (Volt) Duty Cycle P_dummy (W)
3500 0 0.3 - -
3250 0.54 -8.32 0.66 250.5
3000 1.09 -15.09 0.58 4955
2750 1.58 -22.97 0.52 751.5
2500 2.04 -42.30 0.48 1002
2250 2.49 -46.73 0.43 1250
2000 2.88 -73.14 0.38 1496
1750 3.17 -77.16 0.34 1752
1500 3.52 -97.59 0.28 1999
1250 3.95 -150.90 0.22 2250
1000 4.25 -168.10 0.001 2499

From Table 2 indicated any change in the use of power load, occurs also changes in a frequency
variable and voltage. This change resulted in an error value for each variable.Value errors that occur in the
process by fuzzy logic control. Fuzzy logic control generates a reference value duty cycle. Furthermore, the
value of the given duty cycle will determine the current flowing to the load pseudo.Great value on the load
current pseudo, proportional to the value of the power absorbed. Can be seen from the table, when the load
power usage by consumers, as big as 2250 W. power absorbed by dummy load as big as 1250 W. In this
case, fuzzy logic control can work effectively in determining the value of the current flowing to the dummy
load. So that, the generator does not feel the change in the use of power load significantly,which can lead to
changes in voltage and frequency are not that permitted. Performance wave of voltage and current test results
change is shown in Figure 7 and 8 following. In Figure 7, the current testing load power consumption of
1500 W and in Figure 8, the current testing load power consumption of 3 000 W.
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Figure 7. The main load power to 1500 W.

Figure 8. The main load to 3000 W.

From the 2 pictures above, the voltage value did not change significantly. Rated duty cycle greatly
Affect the value of the current, the greater the duty cycle value, then the value of the current flowing to the
load is more greater. The following Figure 9 are shown the results of testing of changes in load power usage
by using PI control and fuzzy logic control. Comparisons were made by looking at the value of the rms
voltage and frequency. In the case to reach the steady state value of two variables, PI control is slower to
respond to changes in voltage and frequency compared with fuzzy logic control. So it can be said that the

performance fuzzy logic controller in power electronics applications that ELC, decent and has a good
performance.
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Figure 9. Comparison of response fuzzy logic control and PID
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4. CONCLUSION
From the simulation of testing the performance of fuzzy logic controller on electronics circuit that

ELC, can be take several conclusion is:

a. The simulation results show that the model generator, the generator capable generate electrical power of
3 500 W and the main load also is able to absorbed the output power generator with phase voltage is
230 V.

b. The simulation results that the electronic switch, TRIAC as a main component is able to distribute the
electrical current into the dummy load accordance with value of duty cycle issued by the fuzzy logic
controller.

c. The overall result ELC base fuzzy logic controller, show better when compared with PI control, showing
in quick responses the steady state conditions.
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