International Journal of Electrical and Computer Engineering (IJECE)
Vol. 10, No. 2, April 2020, pp. 1701~1711
ISSN: 2088-8708, DOI: 10.11591/ijece.v10i2.pp1701-1711 g 1701

Development of DC voltage control from wind turbines using
proportions and integrals for Three-phase grid-connected
inverters

Arckarakit Chaithanakulwat
Department of Electrical Engineering, Dhonburi Rajabhat University, Samutprakan, Thailand

Article Info ABSTRACT

Article history: This research article presents the method to control the DC voltage of the
. boost converter by using a proportional-integral (PI) controller. With AC

Received Mar 18, 2019 voltage from a wind turbine generator, converting to DC voltage level by

Revised Oct 30, 2019 rectifier, this DC voltage controlled by PI controller is to control boost

Accepted Nov 15, 2019 converter that sends DC links to the inverter which converting alternating

current voltage to direct current voltage through three-phase load and to

the grid-connected system. For switching the IGBTs in the inverter,
Keywords: the PWM signal, on the hysteresis current control, is controlled by the signal
from the detected reference voltage based on the grid-connected system and

Grid-connected the voltage from a wind turbine generator. The tests made the comparison of

Hysteresis results from the simulation with the MATLAB/Simulink program and result
Inverter from the hardware on the prototype. The power quality results, such as
Proportions and integrals harmonic, power factor, are in acceptable ranges.

Wind turbine

Copyright © 2020 Institute of Advanced Engineering and Science.
All rights reserved.

Corresponding Author:

Arckarakit Chaithanakulwat,

Department of Electrical Engineering,

Dhonburi Rajabhat University,

59/1, Moo 14, Sukhumvit Rd., Bang Pla Sub-district, Bang Phli District,
Samut Prakan 10540, Thailand.

Email: chaithanakul@gmail.com

1. INTRODUCTION

Presently, humans have studied and created inventions that can create new energy as an alternative
to the user's current energy on this planet. Especially electric power is widely used energy because
the process of acquiring electric energy may be made from water energy, solar energy, wind power, and
geothermal energy and much more. These energies, converted into electrical energy, are pure energy and do
not run out of the world. Electric power is currently an essential factor in human life and on manufacturing
processes in the industry. There was a continuous effort to increase the generation of electrical power to meet
the power demand requirement. Solar energy and wind energy widely use as non-conventional energy
resources. Wind energy is to prove itself as a cost-effective and reliable energy resource around the world.
Grid-connected systems, with constant speed wind energy systems employing induction generators, are
popular methods, and they extract optimum power from the wind for single wind speed. Variable speed wind
energy systems, integrated with power electronic interfaces, become popular methods because they can
extract optimum power, alleviate the load peak in the drive train, smoothly the electrical power output and
supply reactive power on demand [1-7]. Permanent magnet synchronous generators (PMSG) are now being
used instead of induction generators, because of improved efficiency, modularity and absence of excitation
current. For maximum power extraction, the speed of the turbine should vary according to the wind speed to
maintain the optimum speed ratio. The modelling, simulation and experimental verification of a utility-
interactive wind energy conversion scheme with an asynchronous link comprised of a diode bridge rectifier
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and a line-commutated inverter. The control objective is to track and to extract maximum power from the
wind energy system and to transfer this power to the utility [8, 9]. The proposed project is to control the flow
of energy through the DC-link to reduce the reactive energy that is burdened on the capacitors for stimulating
and making more use of wind energy. The simulated results have shown that it provides good tracking power
performance. The wind power generation is to use as a variable speed wind turbine that driving a doubly fed
induction generator, wound synchronous field generator [10, 11]. It focused on a detailed analysis of
the variable speed wind turbine PMSG with an inverter that controls the current. Modelling and suitable
control strategies for overall system are developed to augment the low voltage ride-through capability of
variable speed wind generator, considering recent wind farm grid code. Development of experimental testing
of automatic wind power conversion systems based on synchronous permanent magnet generators [12, 13].
This work is to validate the functionality of the test bench, leading to an experiment by some principles
developed in theory. The objective is to control the load connection voltages and the DC bus voltage.
There are two resonant controllers, the first control is on the load connected to the DC bus, and the second
control is to maintain a balance between production and consumption despite wind fluctuations and load
variations. The experimental results showed that the effectiveness of the test bench is trying out in real-time
the behaviour of a WECS, supplying an isolated load, and offering the maximum power tracking point for
wind speed conversion system (WECS) [14, 15].

The proposed method, without the need for air density, wind speed and turbine parameters, results
generated at the appropriate speed for the loop control of the vector flux-controlled rotor that controls
the grid-controlled inverter system using only. Determining the optimal speed allows WECS to track
the maximum energy point that created according to the change in the active power due to the change in
the speed of the command generated by the controller. Vector control of the generator rectifier depends on
the reference current, voltage vector, grid [16-18]. The proposed method increases the speed and accuracy of
tracking at a certain point, by using energy and wind speed characteristics for various wind speeds.
This focuses on the most suitable energy point and decreases speed. Tracking after the pseudo point can
improve the accuracy of the algorithm and increase the tracking speed for various wind speeds. The used
system consists of a sine pulse width modifier, a reverse side between the generator and the grid.
The efficiency of the proposed method is analyzed in mathematics and examined by simulation, which is to
find the right spot for speed control [19]. The wind energy conversion system (WECS) Gen variable speed
wind turbine, with a permanent magnet type axis, is proposed. Although the conventional-type induction
generator has the advantage of robust construction and maintenance-free operation, and it has drawbacks like
low-power-factor and needs for an AC excitation source which is overcome by the PMG, resulting in
a constant voltage and frequency. The generated PMG pressure passes to the energy converter [20, 21].
Conventionally the three stages of power conversion consist of the rectifier, boost chopper and pulse width
modulation inverters that reduce power quality, resulting in overall efficiency and reliability of WECS.
To reduce these barriers of conventional systems, we propose a two-step WECS drive. The maximum power
point for each speed is traced using a sensor-less MPPT controller, which estimates. The MPPT controller,
direct drives with ZSI and simulated in MATLAB/Simulink., has no sensors offered for WECS.
By comparison results with experiments [22].

The research mentioned above has the primary purpose of controlling the speed of a three-phase
generator connected to a wind turbine. This research, the main objective is to design a three-phase voltage
control system that is generated by the generator and supply the power to the load. The rest of the load,
the power is returned to the grid system. This research has a brief working principle as follows the voltage
from the three-phase generator is converted via bridged rectifier and voltage booster to raise the supply
voltage to the three-phase inverter controlled by the microcontroller, TMS320F28379D for the booster
circuit, the voltage is controlled by the Pl method to control the DC voltage to be stable. For the three-phase
inverter, PWM modulation is controlled by using the hysteresis current control technique [23-28].

2. DESCRIPTION OF THE PROPOSED SCHEME

Controlling the voltage from the generator connected to the wind turbine is generally used to control
the speed of the generator using the current control principle. For this research, the voltage control principle
used by a boost converter scheme to control the voltage level with the Pl method, which is different from the
general published research. The diagram of the proposed system is as follows in Figure 1. When the AC
voltage from the generator changes to a DC voltage using the rectifier circuit, it brings the current flow
through the boost converter and being controlled by using the PI controller. Then it is connected to the three-
phase grid-connected system. When considering the inverters used for the link between wind turbines and
generators that pass through the boost converter circuit, an inverter converts the DC voltage to AC to supply
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non-linear loads and to supply power to the grid system as mentioned above, therefore the inverter circuit
design is essential for controlling energy and electricity to pay into the system. In this research, the inverter
uses a current flow control technique.
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Figure 1. Proposed wind energy conversion system

2.1. Principles of DC voltage control

The DC voltage control uses the PI controller and P controller, to ensure that the DC voltage is
constant and the AC voltage is higher than the electrical network. For this governing principle, the C2000
genus of microcontrollers uses the TMS320F28379D to detect the change in the output voltage of the boost
converter, a circuit that is used to control the current flow on the switch so that the output voltage level can
be displayed as shown in Figure 2. From Figure 2, the control provides a constant output voltage of
the voltage at the output of the boost converter circuit and comparison Ve o obtained from the signal
detection circuit and the required Veonstant. The voltage difference is extended to Veror. After that feedback
signal is sent to the proportional process and integral process, then the control signal is modulated with
the sawtooth signal in the modulation.

Sawtooth - ‘ -0 - N
el . ==

S
K |le—
Integrator Vorvor pu Vier,0
S, «—— Modulation + |« Kpl K, |e— V.. onstant

Figure 2. Proposed PI controller

The modulated signal is created as a PWM signal with a fixed period equal to the period of sawtooth
voltage, and the pulse width changes according to the comparison of the result of the Verror. The amplitude of
this pulse determines the time interval for the switch to bring current in the loop of the boost converter
circuit. Because the output voltage on the circuit increases, the converter sends the control signal to
the output voltage expansion circuit. If Vi, o, the width of the output PWM signal decreases, resulting in
greater amplitude and more current of the IGBT. If Vi, o the width of the PWM signal makes output
increases, resulting to reduce the size and to decrease the current of the IGBT. So the boost converter circuit
is able to maintain the pressure constant, as a working diagram as shown in Figure 3.
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Figure 3. Diagram of process control in proportion and integration

2.2. Boost converter control principle

Analysis of the operation of the boost converter circuit in a stable state. Determine the working
conditions of the circuit like a buck converter circuit. The analysis is as follows, the current flowing through
the inductor at the same position in each period is equal and always positive. The average voltage across
the inductor in each period is equal to zero, meaning that the sum of the product of the voltage across
the sticky lead and time in each period is equal to zero. The capacitor is large, so the output voltage is
constant, and the input power is equal to the output power. In this case, regardless of the loss due to work,
all devices are ideal, thus concluding that the efficiency of the circuit is one hundred per cent. Figure 4, while
the switch conducts the current, from the physical quality of inductor, we can write the equation as in (1-3).

Inductor Diode

Iour
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Figure 4. Boost converter control circuit
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While the switch conducts the current di=AT, and the constant change of current considering the
addition of electric current as linear, the equation follows:

Al _ Al _ Vg
At AT L (4)
iy =0T ©

Ai_,,, Means the rate of change of electricity in the inductor while the switch conducts the current.

While the switch does not conduct current, the current in the inductor cannot change immediately.
The diode forwarding in conducting process, so the current flows through the inductor continuously. Assuming
the voltage at the output side is constant, from the Kirchhoff's law, we can write the equation for the voltage across
the inductor as in (6-8).

_V +V, 4V, =0 )
di,

V= m @)

di, V-V

di, _ 0 8

dt L ®)

While the switch does not conduct the current dt = (1-D)T, the rate of change of the current
flowing through the inductor is constant. The decrease in the current is linear, allowing the new equation is

. V. -V
A'L,off :[ . L O}(l_ D)T 9)

The constant state of change in the current flowing through all the inductors is equal to zero, from
the (5) and (9), we can write a new (10).

AiL,on + AiL,off = o (10)

2.3. Power control method with hysteresis

The three-phase inverter is used for the connection between wind turbines and generators through
the boost converter circuit to supply non-linear loads and to connect to the grid. The selection of inverters is
essential in controlling the power provided to the system. In this research, control methods use the current
flow control technique. This method can return energy to the grid. The reference signal consists of a sine voltage
reference signal (V....), a current reference signal flow to the network (1....5), and the output voltage reference
signal of the generator (V..). All three parts are just a reference signal that generates signals, to create
the PWM signal for the switch to the hysteresis current control for the inverter with a diagram of
the principle as shown in Figure 5.

2.4. Principles of feedback control systems

Types of controls that are common in industrial applications generally consist of Proportional-
integral-derivatives (PID controller) and the discrete output controller is a widely used feedback control
system. The used value in the calculation is the error value derived from the difference in the process
variables and the desired amount to the minimum by adjusting the input signal value of the process.
The number of variants of the used PID must change according to the nature of the system. The calculation
method of the PID depends on three variables: the proportion, integrals, and derivatives. The result of
the current error determines the equal values, and the integral value determined by the result based on
the sum of the mistakes which just passed, and the derivative value based on the change rate of the error
value, the weight resulting from these three combinations must use to adjust the process. Adjusting
the constants in the PID The controller can change the control pattern to suit the process requirements,
the response of the controller is in the form of the control of the body until the error (overshoots) and system
swing (oscillation). The PID method does not guarantee that it is the most appropriate control system or can
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make the process stable. Applications may sometimes use only one to two forms depending on the process.
Sometimes PIDs are referred to as PI, PD, P or | control depending on the implementation. For this research,
the PI must be used to control the voltage of the boost converter; the proportional response can make by
multiplying the error with the K, constant, also known as the magnification ratio. For integrative terms,
the proportion of error size and duration of failure, the sum of errors in every period must give
the accumulated offset that should be in the previous. The cumulative error is multiplied by the integration
rate. The integration rate K; determines the size of the result of the integral term, as in Figure 2.

Initial analog input
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Vgref1,2,3= Vrefl’zp? X Vre_f -t

A
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!
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Figure 5. Diagram of the calculation reference current

3. RESULTS AND DISCUSSION

In this research, boost converter test, full system prototype testing and non-linear load testing are
as follows. For testing, a boost converter uses proportional and integral control techniques to control VDC
voltage levels. The test performed by maintaining a constant voltage in conditions as varying the input
voltage from wind turbines or Vwind generators and as increasing the number of loads, the test results
shown in Figure 6 (a) and (b).

TR T Gl

V.o
wind

I

V(l('  30VAdiv, Vwimt - 30V/div, Time : Ss/div Vi : 50V/div, ,;rinﬂ :50V/div, Iy = 1A/div, Time : Ss/div

(@) (0)

Figure 6. Boost Converter testing using PI techniques
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Based on the test results from Figure 6. (a), we found that the boost converter circuit is controlled
by the proportional and integral control techniques with changing conditions, input voltage ranging can
control constant voltage and the signal ripple is not more than 5 %. Based on the test results from Figure 6.
(b), while changing conditions of load, it can control the voltage level as needed. Testing of three-phase
inverters controls the current by using a hysteresis control technique, and by testing the current amplitude to
supply power to the three-phase grid-connected system. The prototype scheme in Figure 7, in the case of
voltage changes on the input side of a wind turbine or generator size, test results showed that the three-
phase inverter circuit, with current control using a hysterical control technique, can increase the current size
for supplying power to the electrical network system according to the change of input voltage from wind
turbines or generators.

This research, presented above, creates a prototype and test the voltage control system of the boost
converter circuit using proportional and integral control techniques. Including, checking the current control
of the three-phase inverter circuit, using a current control technique hysteresis to supply non-linear load
together with the power supply into the grid-connected system. From the comparison of simulation results
with programs, MATLAB/Simulink with the sample time of 10 ps are shown in Figure 8 (a) and (b).
Figure 8 (a) is shown changes in voltage and the amplitude of the current flow for testing the integrated
system. It must be tested using wind turbines or generators. It is using the boost converter circuit to maintain
the voltage level and to use the 3-phase inverter circuit to supply power to the grid. The voltage from
the wind turbine, there must be changes to adjust the size of the current to the grid, according to
the proportion of the tension and maintain a constant DC bus voltage. From the system test in Figure 8 (b),
it was found that the boost converter circuit could maintain the voltage level higher than the fixed grid, and
will able to adjust the amplitude of the grid-connected according to the power of the wind turbine produced
the signal.

: i Dk Fundamental (S0Hz) = 1.0187Arms . THDis =32.4758%
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Figure 7. The current grid-connected
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Figure 8. Changes in voltage and current size
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Based on the test results, Figure 9 and Figure 10, found that the three-phase inverter circuit with
current control using the hysterical control technique, it can increase the current size of the power supply into
the power network system, according to the change of input voltage from wind turbines, and the value of
THDis is reduced according to the increasing current size as simulated in MATLAB/Simulink. System
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testing with the non-linear load must be a non-linear load with the grid, which the three-phase electric wind
turbine connection system must help the power grid supply the non-linear load together with the power at
the wind turbine or the generator can produce the output. Also, this system helps to solve the harmonic

problems that occur in the system, depending on the energy received and testing with non-linear loads.
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Figure 9. Distortion of current simulated in MATLAB/Simulink
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Figure 10. Distortion of the current prototype

Figure 11 (a) and (b) based on system test results and simulation results in MATLAB/Simulink and
compare with Figure 12 (a) and (b), we found that the load current can be used to pay for the load instead of
the grid and can supply power to enter the system with the low distortion of THDis waveforms. Figure 13,

it was shown that the load current and current grid-connected to control by conditions, i; =ig+1i, in

the case of a step load test.
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Figure 11. Current distortion in the non-linear load from MATLAB/Simulink
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Figure 11. Current distortion in the non-linear load from MATLAB/Simulink (continue)
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4. CONCLUSION

Based on the above research is found that the boost converter circuit is to maintain voltage levels
and control on the three-phase inverter circuit for power transmission into the 3-phase power network system
for wind turbines and to able to track the power from the wind turbine. The Boost Converter circuit has
a signal ripple in case, there is a change in the input voltage not more than 5%. Also, for the power supply,
the THDi value is reduced by decreasing the size of the current to the electricity network. Moreover,
we found that the load current can be modified to solve the harmonics in the system according to
the conditions and the average system efficiency is 87.25%, including the average distortion of the current
waveform in the order, is not more than 5%.
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