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Abstract

In this paper a system of integrated photovoltaic converter with vector switching control inverter
with the modulation method of spatial two-level has been presented. The structure of the system is
presented with the proposed and the structure of the invertors’ voltage source has been reviewed. Space
vector modulation control method of two-level in a voltage source inverter and then provide proposed
system analysis and keying modes are analyzed and the system designing and with the simulation of
MATLAB software and standards of the total harmonic distortion for a few modulation methods for
comparison, and evaluation has been proposed. The system has been analyzed in terms of economic. A
prototype for assessing and comparing with power of 360w in the output with DC link voltage is 400 V and
the module voltage is 46.5v has an efficiency of 97.9% in its output that improved than SPWM of 1.6% and
to the PWM of 2.7% and Has been simulated with MATLAB software and compared to with a few
examples of the control systems of the sinusoidal pulse width modulation and pulse width modulation.
Speed and Switching and performance of the system have been analyzed and methods to reduce
switching losses and increase of the system efficiency in the practical examples are proposed.
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1. Introduction

The system which utilizes solar energy without moving mechanism and chemical
energy into electrical energy, its effect is called the photovoltaic [1], development and use of
photovoltaic systems to provide electrical energy needed so that in some places and uses the
best option for providing electrical energy is applied, As a result of technological advances in the
use of solar energy through photovoltaic systems predict that the energy cost of $ 5 kWh
kilowatt-hour in 1990 to $ 0.8 in 2020 to 0.5 reduced, this type of energy can be supplied to the
national grid energy needs of societies that do not have access to finance [2], and due to the
increasing prices of fossil fuels and other energy sources, optimization and cost-effective use of
photovoltaic systems integrated with proper design is essential. Economic factors play an
important role in the design of photovoltaic systems and have a strong economic factors such
as the fixed cost and variable cost be measured at the design exactly. Aimost 60% of the cost of
a photovoltaic system is a constant related to the purchase is the second module , because of
the short duration of benefits such as integrated photovoltaic systems design and installation,
quiet, energy conversion process, the high life and require little maintenance due to no moving
parts, easy to transport the lightweight components, and lack of contamination environmental
development, progress and public acceptance [2], Integrated photovoltaic system components
include modules, voltage regulators and controllers (inverters and converters) and storage
systems such as batteries. The inverter module contributes to the fixed costs are allocated and
for all its production costs, in recent years much effort has been designed to reduce the cost
and at the same time raise the efficiency of their work is done. Each module (PV) ¢« inverter(DC-
AC) of Photovoltaic integrated converter system has role of the function maximum power point
tracking [3]. Commercialization of the system, with low price and high efficiency power transfer
plan should be for the electric power transmission network with a high power factor will develop

Received January 27, 2015; Revised April 11, 2015; Accepted April 25, 2015



206 = ISSN: 2302-4046

[4], that in these systems to adjust the voltage level of the converter module become
increasingly common as a boost converter, a voltage level converters are increasingly used [14-
15]. Provided converts that is a switch direction current converter (DC-DC) for converting the
DC voltage to the input unregulated voltage output controlled with an optimal amount of work
[5], provided inverter that the converts DC voltage to a transducer type (direct current) voltage
alternating current (AC) voltage source different methods to control the space vector pulse width
modulation method here (SVPWM) the two-level has been used Space vector pulse width
modulation(SVPWM). Figure 1 Overview of a sample of integrated photovoltaic grid-connected
inverter system is shown.
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Figure 1. Overview of a photovoltaic system integrated transducers

2. Voltage Source Inverter

Voltage source inverter, a constant voltage to a three-phase alternating voltage with
adjustable amplitude and frequency turns [6], the frequency of the output voltage can be fixed or
variable, constant or variable. The output voltage can be achieved by changing the input voltage
(DC) and gain inverter maintains interest. If the DC input voltage is not constant and can be
controlled by changing a variable voltage output of the inverter will be obtained that this
operation is usually controlled by pulse width modulation and its variants are done. Benefit ratio
of the output voltage to the input of the converter can be defined. The voltage source inverter
power switches fast as the average power and low-power insulated gate bipolar transistors
(IGBTs) and metal-oxide-semiconductor field effect transistors (MOSFETS) and etc are used.
The voltage source inverter for photovoltaic module system integrated two-level (PVMIC) to 6
switching required (S1~S6) that any key (switch), a freewheeling diode in parallel has been
reversed. Depending on the size of constant voltage inverter switches can group two or more
than two switching elements which are sequentially formed [13-14].

3. Space Vector Modulation

The inverter operates with voltage control and frequency of the applied pulse
modulation pulse pattern of switches (switch) is done inverter. Space vector modulation (SVM),
one of the preferred methods for simultaneous modulation or real-time is widely used to control
the voltage source inverter [7-8]. Its main characteristic switching times less per cycle and
therefore lower switching losses. Sinusoidal pulse width modulation and pulse width modulation
technique in [5-6] have been discussed in detail and the results are given only the description is
ignored. Assume a two-level three-phase inverter is fed by Figure 2, most frequently because
the resistive - inductive (inductive effect), we have to model inductive load [9].
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Figure 2. Circuit model of a three-phase voltage source inverter
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4. Switching Modes
2% switching modes switches for high and low there. Dihedral inverter switching
functions in Figure 2 are shown in Table 1.

Tabel 1. Mode switching

Switching Leg A Leg B Leg C
state S1 S4 Vao S3 S6 Vbo S5 S2 Vco
1 On Off vd On Off Vd On Off Vd
0 Off On 0 Off On 0 Off On 0

The space vector modulation switching key sequences can be considered high or low,
in this paper we consider the low-frequency switching switches is shown in Figure 3.
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Figure 3. The switching frequency of the lower switch
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From Figure 3, we have eight voltage vectors (Vo~V7). Phase vectors and line for eight
switching mode is shown in Table 2 should be multiplied by the DC link voltage (Vdc).

Table 2. Vectors for the eight-state phase voltage and line

Voltage S\\;Vééig:,r;g V_ph VL_L

vectors a b [ Van Vbn Vcn Vab Vbc Vca
VO 0 0 0 0 0 0 0 0 0
Vi 1 0 0 2/3 -1/3 -1/3 1 0 -1
V2 1 1 0 1/3 1/3 -2/3 0 1 -1
V3 0 1 0 -1/3 2/3 -1/3 -1 1 0
V4 0 1 1 -2/3 1/3 1/3 -1 0 1
V5 0 0 1 -1/3 -1/3 2/3 0 -1 1
V6 1 0 1 1/3 -2/3 1/3 1 -1 0
V7 1 1 1 0 0 0 0 0 0

Switching states (000) and (111) to zero states and other states are called active.
Figure 4: Diagram of a two-level inverter space vector for the show.
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Figure 4. Diagram of a vector space for 2-level inverter
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6 non-zero vector (V1-V6) forming a regular six-sided that have been divided into six
zones (1 to 6) and two vectors are zero at the center of the six-sided angle between two
adjacent vectors is non-zero 60°.

Step 1 - Figure 4 d-q transformation angle calculated a, Vd, Vq, Vref.

V,=V_, -V,  -cos60 —V_,
1 1
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The base frequency is fs. Inverter output frequency depends on the rotation speed Vref
and Vref output voltage can be adjusted to change the size. In Figure 5, Vref is obtained by
combining two adjacent vectors [10].

Figure 5. combination of two vectors adjacent to the reference vector part 1

Step 2 - Calculate the length of time T1,T2,T0
For part one, it is had:
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where, n =1-6
Ty=T.-T,-T,.
0<o=60°

Step 3 - Calculate the switching time for each section (1 to 6) is shown in Figure 5 and

Table 3.
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Figure 5. Length of each switching period of six

Table 3. The switching time calculation for each section

Sector | Upper Switches (S,, S, S;) | Lower Switches (S,, S;. S;)

S, =TT, + Ty /2 8,=Ty/2

1 Sy=Ty+ Ty /2 Se=T,+Ty/2
S5=Ty/2 S, =T +T+T, /2
S, =T, +T, /2 S, 8T,+T,/2

2 S, =T+ T, + T, /2 Se=Tyl2
S5=Ty/2 S, =T +T+T, 12
S, =T, 12 S, =T +T+T, /2

3 S,=T,+T,+T,/2 Se=Ty /2
S, =T, +T,/2 S, =T, +T,/2
8,=T,/2 Sy =TT, 4T, 12

4 Sq=T,+Ty/2 S =T,+ T2
S, =T, + T+ Ty /2 S,=Tyl2

S, =T,+T,/2
5 S,=Ty/2

S, =T, +Tyf2
Sp= THTAT, /2

S =T+ T, + T,y /2 S,=Tyl2
S, =T, +T,+ T, /2 S,=2Tyf2

6 8,=T,/2 S =TT+, 12
S.=T,+Ty/2 S,=T,+T,/2
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5. The simulation results

A prototype of the proposed system for the simulation of MATLAB software and the
software environment of the underlying collateral Simulink wire Sim power system are used to
power the system. MATLAB is one of the most reliable and powerful software specialized in the
analysis of electrical systems that are used in various fields and Simulink environment is a set of
blocks for which the user can easily make the simulation model to analyze the circuit [15]. The
first prototype simulation parameters are: Switch (IGBT), the output power at the load,360w,
Primary Voltage Module 46.5V, output voltage converter DC-DC and DC link voltage Vd = 400v
base frequency(fs = 60HZ), carrier frequency(fz = 3 kHZ), modulation index (a=0.9), and a filter
to remove low frequency harmonics, Cf = 400uF, Lf = 800 uH and an inductive load resistance
(Rload = 5Q, Lload = 2mH) model for the design work is done: calculate and Sections (1 to 6),
calculate and determine the duration of T1,T2,T0, Calculate and determine the switching time
Ta, Tb, Tc, for each transistor S1-S6 the output voltages of the inverter Viab,Vibc,Vica for the
control input u send the information to the framework Space, plotted using MATLAB simulation
results. First, the switching time and Table 4 and 5 ties are designed for the simulation is shown
in Figure 6. Then the vector modulation control design and simulation are shown in Figure 7.
Finally, an overview of the module integrated converter system is simulated as shown in Figure
8. The system operates in a continuous mode and the results are shown in Figure 9 and 10.
VLs are load line voltages, lls are output current of the inverters, and ILs is the current phase
load requirements.
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Figure 8. Overview of Photovoltaic Systems with Space Vector Modulation
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Figure 10. Output line voltage inverter

According to Figure 9 and 10 clearly seen that space vector modulation method using a
two-level system, the output voltage reaches the desired sine wave approach is load well and
harmonic generation is negligible.
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6. Indexes Superior Two-level Space Vector Modulation Integrated Photovoltaic System
In a similar system with the same 3 phase marked by a constant voltage 400V
modulation index a= 0.9 and the same switching frequency 1KHZ, Index Total Harmonic
Distortion (THD) is better than the sinusoidal pulse width modulation and pulse width modulation
compared with multilevel modulation n = 3(N number of levels) of (THD) is higher, that in Table
4 results analysis using MATLAB and analysis (FFT) for is used for harmonic analysis is given.

Table 4. THD values for conventional modulation methods

parameters PWM SPWM SVPWM — SVPWM — SVPWM

2level 3level Slevel

Vab %4.91 %4.8 %4.58 %3.61 %1.53
Vbce %5.02  %4.92 %4.83 %3.76 %1.84
Vca %5.69  %5.13 %4.96 %4.39 %1.43
la %13.21  %12.01 %11.86 %6.89 %4.22
Ib %15.07  %14.94  %13.91 %38.23 %3.26
Ic %16.98  %16.87  %15.29 %7.86 %2.41

The index of THD output will be lower and lower losses can represent a modulation of
the harmonics are eliminated. As a result of (THD) below, the system performance will be better
and better efficiency. Inverter Output parameters are parameters in the table above. In terms of
economic indicators for multilevel modulation systems for n=3 a photovoltaic system integrated
into a single integrated photovoltaic manufacturing cost compared with two-level modulation
(SVM) is more expensive and the result is not economically efficient. THD index for photovoltaic
system integrated with a two-level method for use in a dwelling unit vector modulation index is
acceptable and can provide good quality. The economic cost of a photovoltaic system
integrated with a two-level modulation (SVM) relative to the sinusoidal pulse width modulation
and pulse width modulation may be slightly higher cost, but over time, the variable costs,
including annual service and consider other possible failures, this price plus the cost of minor
repairs and servicing system is quite efficient, during the time the full benefit of using this type of
system is finished. Systems with higher modulation n >2 per level (..., 3,4,5) that is added (by
considering more complex control systems and need that extra fees are added to the cooling
system) between 35% to %45 would increase. After the economic is not too difficult in terms of
practical applications such as mobile control system is complex and expensive, although the
characteristics of the system better than the system has a two-level modulation vector. In terms
of speed, the proposed system has good speed and proportion (PWM) and (SPWM) spent less
time in the output voltage reaches the desired level and this means faster performance and
better quality. In terms of switching to a lower number of switching in a switching period Ts
requires less stress means less current and voltage and as a result, the useful life of more
switches and less heat generated, resulting in fewer casualties [6]. (Number of additional
switching losses increases and reduces the useful life of systems and components and
switches.) It would be much higher switching frequency standards Total Harmonic Distortion
(THD) increases, but the increase in mortality switching converters leads to [11-12]. Methods
(PWM) and (SPWM) and the modulation vector n > 3 switching on large high-frequency
harmonics produced high-pass filters that should be used to eliminate harmonics generated [3].
This means additional costs and therefore cost more. The inverter (SVPWM two-level) proposed
photovoltaic system voltage deviation due to less number of switches (DC) (unbalanced load
capacitance [12], that modulation with less than , n > 2 which means lower ripple and improve
system efficiency. Overall efficiency of the proposed system reached 97.9% at the maximum
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output power. The efficiency of the control system (SPWM) and (PWM), respectively, 96.3%
and 95.2% is reached. Which is depicted in Figure 11.
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Figure 11. Outcomes measured

7. Conclusion

In this paper, a photovoltaic system integrated with a two-level inverter modulation
space vector was provided. The structure of this system was proposed. The structure was
determined from the voltage source inverter. The two-level space vector modulation control
method is presented and a prototype is designed to evaluate and compare the output voltage
360w power link (DC) 400v and the output voltage of the module 46.5v to yield 97.9% has been
reached, that ratio (SPW M) compared to 1.6% (PWM) 2.7% improved with MATLAB simulation
software, and a few examples of pulse width modulation control systems were compared. In
terms of standard low Total Harmonic Distortion Harmonic generation and economic systems
studied and with respect to the parameters of a photovoltaic system is an ideal system in terms
of economic efficiency and speed to achieve the desired output voltage and switching rates in a
switching cycle. In general, for low and medium voltage of a photovoltaic system is a good
option. It is suggested that the sample applications switches press zero current switching (called
ZCS) may be used both in terms of lowering production cost and the cooling system life and
reduce overshoot and flow switching and reduce noise caused by electromagnetic interference
caused by and finally, raise the efficiency of photovoltaic modules in the system must be
integrated close to the transducer. Expected delivery system for use in a practical system that
requires low production cost and high efficiency are to be used.
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