International Journal of Power Electronics and Drive System (IJPEDS)
Vol.2, No.4, December 2012, pp. 434~444
ISSN: 2088-8694 a 434

Optimal Design of DC to DC Boost Converter with Closed Loop
Control PID Mechanism for High Voltage Photovoltaic
Application

R. Arulmurugan*, N. Suthanthira Vanitha**
* Associate Professor, Department of EEE, Knowledge Institute of Technology, Affiliated to Anna University
**professor and Head, Department of EEE, Knowledge Institute of Technology, Affiliated to Anna University

Article Info ABSTRACT

Article history: This paper proposes a new dc to dc boost converter using closed loop control
. proportional Integral and Derivative mechanism for photovoltaic (PV)

Received Oct 15, 2012 standalone high voltage applications. The boost converter is composed of

Revised Nov 11, 2012 MOSFETSs which are driven by closed loop PWM control. Many advantages

Accepted Nov 26, 2012 including high efficiency, minimum number of switch, high voltage and

power, low cost. This converter is attractive for high voltage and high power

applications. The analysis and design considerations of the converter are
Keyword: presented. A prototype was implemented for an application requiring a 410W
output power, input voltage range from 17.1-V, and a 317-V output voltage.

Boost converter The proposed system efficiency is about 90%.

Closed loop proportional
Integral and derivative control
Dc to dc converter

High voltage Copyright © 2012 Institute of Advanced Engineering and Science.

Standalone photovoltaic All rights reserved.

Corresponding Author:

R. Arulmurugan,
Associate Professor,Department of EEE, Knowledge Institute of Technology, Affiliated to Anna University
Email: arul.lect@gmail.com

1. INTRODUCTION

One of the major concerns in the power sector is day-to-day increasing power demand but the
unavailability of enough resources to meet the power demand using the conventional energy sources.
Demand has increased for renewable sources of energy to be utilized along with conventional systems to
meet the energy demand. Renewable sources like wind energy and solar energy are the primary energy
sources which are being utilized in this regard. The continuous use of fossil fuels has caused the fossil fuel
deposit to be reduced and has drastically affected the environment depleting the biosphere and cumulatively
adding to global warming [1-10].

Solar energy is abundantly available that has made it possible to harvest it and utilize it properly.
Solar energy can be a standalone generating unit or can be a grid connected generating unit depending on the
availability of a grid nearby. Thus it can be used to power rural areas where the availability of grids is very
low. Another advantage of using solar energy is the portable operation whenever wherever necessary [2].

Solar Photovoltaic (SPV) cells directly convert sunlight into electricity. Many SPV cells are grouped
together to form a module. Modules are normally formed by series connection of SPV cells to get the
required output voltage. Modules having large output currents are realized by increasing the surface area of
each SPV cell or by connecting several of these in parallel. A SPV array may be either a module or group of
modules connected in series/parallel configuration. Output of the SPV array may directly feed loads or may
use power electronic converter for further processing [3-8]. These converters may be used to serve different
purposes like controlling the power flow in grid connected systems, track the maximum power available from
the SPV array. Model of SPV system is therefore required to study and optimize the performance of the
complete system including these converters and other connected loads [9, 10]. This paper aims at developing
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a complete mathematical model of a Solar Photovoltaic cell suitable for analysis of a non-uniformly
illuminated solar module powered design of dc to dc converter with high voltage gain. MATLAB-M file
coding has been used for simulation in the proposed system [11-13].

2. PROPOSED SYSTEM CONFIGURATION

The proposed system consists of a PV module, a new design of DC to DC converter (chopper), DC
capacitor, closed loop PID control mechanism and load as shown in Figurel. The measurements are placed at
both input and output sides of the converter, load utility. Proposed power control scheme of the PV load
connected system is modeled by using MATLAB/Simulink. The subsystem explanation is given detailed.
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Figure 1. Block diagram of PV grid connected system

2.1 PV System
2.1.1 The P-N Junction

The p-n junction, shown in Figure 2, constitutes of a thick moderately p-doped substrate with extra
holes and a heavily n-doped thin layer (around 100 times thinner than the p-doped substrate). [14,15]
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Figure 2. PV cell p-n junction

The basic semiconductor material is usually silicon (Si) which is doped with group 111 material such
as boron (B) to get an n-doped material, or with group V material such as phosphorous (P) to get a p-doped
material [3]. When exposed to solar radiation of a specific band gap (around 1.1 eV for Si which is close to
the red light energy which is around 1.7 eV), electron-hole pairs are created by photons of energy greater
than the band gap. A voltage potential is then created by the electric field which separates the created charge
carriers. This potential difference produces a current in a closed circuit when a load is connected to the
terminals of the cell.
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2.1.2. The PV Cell Circuit Model

The PV cell can be approximated by a current source and a p-n junction similar to that of a diode,
thus its equivalent circuit is shown in Figure 3. The model includes also series and shunt resistors where the
series resistor Rgis usually very small that could be neglected and set to zero, while the shunt resistor Rgnis
very large and could be considered as an open circuit.[14]
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Figure 3. PV Cell Circuit Model

The directions and labels of the circuit currents are shown in Figure 3. When the cell is in the dark,
the current source lwould be zero.

2.1.3. The PV Array Equations

The current and voltage of a PV array are exponentially related which explains the shape of the V-I
curve in Figure 1. If one considers that the array consists of Npparallel cells and Ns series cells and that Rg,is
infinite, then the equations relating the voltage, current, and power are given in equations (1), (2), and (3)
while Table 1 defines the equation variables [4].

Table 1. PV Parameters Definitions

Label Description
Voy Array voltage
lov Array current
G Solar irradiance
T Cell temperature
T, Reference temperature
Ion Light generated current
lo PV cell saturation current
A Ideality factor
B Ideality factor
K Boltzman constant
Q Electron charge
Rs Series resistance of the cell

PV cell short-circuit current at 25°C and 100mW/cm?

K Short-circuit current temperature co-efficient at
lor Saturation current at T,
Eqo Band gap for silicon
NSA*T*K Np*Iph—Ipv+Np*Io)
= *
Vo = (B575) # In (23 @
_ _ q(Vpv+IpvRs _
Ly = Nyl — Nyl (exp (12222 — (2)

Fov = Voulpy 3)

The currents lpand Igare given by equations (4) and (5) and their variables are also shown in Table 1:
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T *E
I = lor = () 3*exp(L22 (- =) @)
Lo = (Iyer + K % (T — 298)) » —— (5)

2.1.4 Photovoltaic Array Characteristics
The main characteristic curves of a PV array are the V-1, P-l, and P-V curves interrelating the
voltage (V), the current (1), and the power (P) of the array. Sample V-I and P-1 curves are overlaid on the

same graph and shown in Figure 4 [5].
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Figure 4. Photovoltaic V-1 and P-I characteristic curve

Figure 4. Typical V-1 and P-I characteristic curves of a PV array The formulas standing behind these
curves are discussed where a detailed literature survey of PV arrays and their operation is included.

The main purpose behind introducing Figure 4 is getting an idea about the notion of the maximum
power point of a PV array. The bending point of the V-I,P-I curves is the MPP of the array under a certain
temperature and irradiance shown in Figure 4. Thus when operating a PV array at its MPP, maximum power
is extracted and the array is operating at its maximum efficiency (for the available irradiance and
temperature) because the input power of the solar irradiance is fully utilized.

2.2 Analysis of Boost Converter

Boost converter steps up the input voltage magnitude to a required output voltage magnitude
without the use of a transformer. The main components of a boost converter are an inductor, a diode and a
high frequency switch. These in a co-ordinated manner supply power to the load at a voltage greater than the
input voltage magnitude. The control strategy lies in the manipulation of the duty cycle of the switch which
causes the voltage change [6] and [7].
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Figure 5. Design of a new boost converter
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There are two modes of operation of a boost converter. They are based on the closing and opening
of the switch. The first mode is when the switch is closed; this is known as the charging mode of operation.
The second mode is when the switch is open; this is known as the discharging mode of operation [8]. During
charging mode of operation; the switch is closed and the inductor is charged by the source through the
switch. The charging current is exponential in nature but for simplicity is assumed to be linearly varying [8].
The diode restricts the flow of current from the source to the load and the demand of the load is met by the
discharging of the capacitor.

In the discharge mode of operation; the switch is open and the diode is forward biased. The inductor
now discharges and together with the source charges the capacitor and meets the load demands. The load
current variation is very small and in many cases is assumed constant throughout the operation.
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Figure 6. Waveforms of boost converter

3. RESULT AND DISCUSSION

This project was done by using MATLAB/Simulink in order to observe the performance of PV load
connected system. Figure 7 illustrates the overall model of PV system in MATLAB/Simulink.

The parameters were obtained for a generalized solar cell. The plot is similar to the theoretically
known plot of the solar cell voltage and current. The peak power is denoted by a circle in the plot. Since only
one solar cell in series is considered, hence the solar output voltage is less (0.61 V) in this case.

This plot gives the solar output power against the solar output voltage shown in Figure 9. This
clearly abides by the theoretical plot that was shown previously. The maximum power point is marked with a
small circle. The initial part of the plot from 0 V to the maximum power point voltage is a steady slope curve
but after the maximum power point the curve is a steeply falling curve. A solar panel that has the key
specifications listed in Table 2.

Figure 11 and 12 are different P-V characteristics of a certain panel as different irradiances and
temperature respectively. The circles represent a single MPP in each characteristic. As the P-V characteristic
is constantly varying by changing the irradiance and temperature, the MPP must be tracked at the changed
moment to maximize the output power from the panel. Therefore, both a tracking speed and accuracy are
required to the PV system. The MPPT performance may be considered as an important factor to increase
generation revenue.
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Figure 7. overall model of proposed system

The P-V and |-V curves from the simulation are as shown.
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Figure 8. I-V characteristics of a solar cell
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Figure 10. P-1 characteristics of a solar cell
Table 2 Datasheet of KL020
Electrical characteristics Value
Peak power 20w
Peak voltage 171V
Peak current 117A
Open circuit voltage 215V
Short circuit current 1.30A
No. of cells 36
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Figure 11. I-V different irradiance of a solar cell
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Fig.ure 12. P-I different temperature of a solar cell

The simulations were carried out for dc to dc converter in Simulink and the various waveforms such
as output and input voltages, output and input currents, voltage across switch, control pulse, measurement
port across switch and diodes plots were obtained shown in Figure 13, 14, 15, 16, 17, 18 respectively.
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Figure 13. Output voltage of the converter
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Figure 14. Output current of the converter
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Figure 17. Measurement port across switch and diode
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4. CONCLUSION

Analysis and design consideration of dc to dc boost converter using closed loop PID control
mechanism for photovoltaic high voltage applications is proposed. Simulation results were obtained as 317-V
dc to dc converter from a 17.1-V standalone photovoltaic system. Efficiency attained under load condition
was over 90%. The converter may be adequate for high voltage and high power application. Since the
converter has many advantages such as minimum number of device, soft switching of the switch, high
voltage and power output and so on.
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