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Abstract 

    Solar energy is one of the main power sources of electricity in the 

world. It has become widespread as an attractive solution to provide low 

power consumption to human groups live in remote villages or areas 

away from the national electric grid, also when the electric power is 

underproduction such as in our country (Iraq). For this reasons we 

designed a system of photovoltaic generator with facilities to be built in 

houses. 

     The system consists of three basic parts of equipment, 3KW peak 

solar panels, which could be spread easily at the housetop, a storage 

battery system and the electrical control system.  

     The electrical control system was completely designed and tested 

using ORCAD simulator, it consists of 4KW battery charge regulator 

with 300V system, and 220V, 50Hz transformerless three – level square 

wave inverter. 

 

1. Introduction 

 

     Conventional methods of transmitting electrical power to human 

groups in remote villages or areas away from the national electric grid 

through along distances using high voltage network is not always an 

economic solution, sometimes, it is financially significant,  also when 

the electric power is underproduction such as in our country (Iraq), the 

benefits of using photovoltaic will be arises. 

     Many stand – alone and hybrid devices using energy renewable  

sources like solar photovoltaic, wind has been developed in the past and 

reported by authors [1, 2, 3, 4, 5, 6, 7, 8] but their complexity in design 

and operational feature, difficulty in getting the system or its spare parts 

have resulted in less popularity among rural masses. 

     In the present study, a solar power system has been proposed with 

simple design which can work as a standalone device or as a primary 

source of hybrid power supply system; also transformerless inverter 

used has increased the system efficiency.    

     The present work involves a station of a house photovoltaic 

generator, which has been designed and tested using ORCAD simulator 

to provide electricity depending on conversion of solar energy. This 

work will enable us to produce supply system offers the following 

benefits. 

     1. More efficient and cost – effective photovoltaic power station. 

     2. Improved reliability 

     3. Reduced emissions of gases and pollution 

     4. increased operational live       
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     The station consists of solar panels connected in parallel and in 

series to provide 3KW and 338 – 360V, electrical control system and 

storage batteries. 

     A suitable design of the photovoltaic system was applied   according 

to the average solar radiation in Iraq by assuming three sorts of daily 

loads, summer, winter and spring or autumn loads [6, 7]. 

     The most complicated part of this station is the electrical control 

system; its function is to control the operations of battery charging, 

protection against over and under charging conditions and inversion of 

dc voltage into ac voltage. 

 

2. Electrical Control System Design 

 

     The electrical control system consists of the following devices 

1. Battery charge regulator. 

2. Transformerless three – level square wave inverter. 

 

     The battery charge regulator in this work was designed at a system 

voltage 300V and maximum power 4KW. The block diagram of this 

device shown in figure (1) consists of three basic units as follows [8]: 

 

A. Voltage regulation unit. 

B. Load isolation unit. 

C. Battery checking unit. 

 

         Regarding the voltage regulation unit, the output of the regulator 

circuit is fed to a power circuit that consists of a group of power 

transistors (2N3055) fixed on a heat sink so as it works with in 

acceptable limit of temperature. The value of charging voltage can be 

modified within a certain limits by changing the value of variable 

resistance (Rval) shown in figure (2) and as a demand. This circuit is 

designed and tested at 13A load using ORCAD simulator. Figure (3) 

indicates the characteristic of this unit at 13A load. Figure (4) shows the 

effect of changing the value of Rval on the output voltage.  

    The load isolation unit is to prevent batteries from being loaded at 

low voltage level conditions; the design has been put by using a Schmitt 

trigger circuit, where a hysteresis loop of suitable voltage was set. 

     The third unit is the battery-checking unit; its function is to prevent 

batteries from over – charging condition. The design consists of timing 

circuit, it contains an "on" period of 4 seconds [8] used to check the 

actual voltage of batteries, through isolating them from the solar panels, 

then they will be connected again in case of mismatching the 

demandable level of the maximum battery voltage. The "on" period was 

followed by an "off" period of 34 minutes [8] used to keep charging, the 
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process will repeated again and again till reaching the demandable 

battery voltage. 
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Fig. (1) Block diagram of the battery charge regulator 

   Fig. (2) Circuit diagram of voltage regulation unit 
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3. Inverter 

 

According to the high cost of solar panels, one of the basic steps of 

designing photovoltaic systems is to reduce the panels area as possible 

as could by using high efficiency devices, for this reason the presented 

inverter is transformerless voltage – source inverter. 

     The type of used inverter is the full – bridge inverter shown in figure 

(5). This type of inverter will generate square wave when q1,1 = q2,2, q2,1 

= q1,2, and the duty ratio are 50% [9]. The waveforms in figure (5) can 

be produced by adjusting the phase shift between q1,1 and q2,2. This 

relative phase control provides output adjustment for variable loads. 

The term voltage – source inverter (VSI) often refers to inverters that 

use relative phase control. Important characteristics of the VSI include 

[9]:  

1. The output wanted component amplitude can be adjusted from zero 

to 4/π = 1.27 times Vin. The extra 27% of possible amplitude above 

the input value is helpful. 

2. The switches operate at a low frequency, the output frequency, 

which is the minimum rate that meets frequency-matching 

requirements. 

3. The duty ratios are maintained at 50%, so the dc components always 

cancelled. In fact, all even harmonics are cancelled when the duty 

ratios are held at 50%. 

4. The output is composed of pulses like those of a square wave. 

Usually, low – frequency harmonics such as the third and fifth are 

relatively large. This is a challenge for filtering out unwanted 

components. It also means that the load is likely to alter filter 

behavior. 

 

      The ability to filter out unwanted components is a key concern. The 

unwanted frequencies begin at 3ωout, and a low – pass filter should do 

the job. 

     The above technique was used in the presented inverter as shown in 

figure (6). It consists of four switching power MOSFET transistors, 

where two square wave (T = 10ms) inverted to each other, and then 

divided by two using D – Flip Flop, these four pulses will control the 

four MOSFET power transistor to obtain the ac 220V, 50Hz, three – 

level square wave output.  

     Figure (7) shows the complete circuit of the three – level square 

wave inverter. It consists of four groups of power MOSFET transistors; 

each group consists of three MOSFET transistors (IRF 740) to obtain 

the demandable power. This circuit was designed and tested using 

ORCAD simulator. Figure (8) shows the output of this inverter for 12 A 

load. 
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4. Performance and Cost Evaluations of the System 

 

 Quality of Power 

 

The qualitative analysis of output waveform simulated by ORCAD 

simulator show low (less than 200V) change in output peak 

voltage of the inverter at temperature change from 0 to 70 
0
C 

(figure. 9).  
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Fig. (9) Output peak voltage change of the inverter with varying 

temperature from 0 to 70 
0
C 

Fig. (8) Output of three – level square wave inverter at 

full load 
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4.2 Efficiency of the Inverter 

 

The efficiency of the Inverter system was found to be constant value in 

the range of  97 % or more under variation of load conditions as shown 

in figure (10) leading to an indication of low loss and maximum 

utilization of energy resources.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Cost Evaluation  

 

     Final cost of 3kW PV system at $5 per watt is $15000, the cost of 

the proposed inverter is $500 and the cost of storage batteries is $750. 

The total cost of solar power station is $16250. 

 

5. Conclusion 

 

     A house photovoltaic has been designed and tested using ORCAD 

simulator. The output results from ORCAD simulator indicate 

satisfactory level of performance. However a better output power can be 

achieved by optimizing the operation of the main parts of the house 

solar power station system. This work will enable us to produce a more 

efficient and cost – effective photovoltaic power station.    
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Fig. (10) Efficiency of inverter system 
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بيت  للمحطة طاقة شمسية   

  

ركزيم عثاس حم .م. ذ  

 المستخلص

 

 الاوخشيار واصي  اصيخدراهرا أصَْيثَ َ المصاذر الزئيضييح لكهرزتياف  يي الميالم.  إحرىهي  شمضيحِ الطاقح ال   

أو كرزتائيَ هىدفضَ  ي القيُزى أوَ المىياِِ  الثمييرجِ عيه الشيثهحِ الهرزتائييحِ ال ِىييحِ لخزوير  ابذكحَل ج

لريذا الضيثة و. كميا هي  الحياي  يي تكيروا االميزا   الهرزتائيح غيز كاف لكطكية الطاقحإوخاج عىرها يه ن 

تخهيي ن  ت صييائل يمهييه أن تثىييا  ييي الثييي خ.عكييا الطاقييح ألشمضييي   رلكهرزتيياف يمخمييت لييير  وظييام صييمّمىاَ

يمهييه وشييزها عكييا صييط  المىييزي   3KWشمضييي  تقييررج أليي ا ف أصاصييي   ثلاثييح أجييزاالمىظ هييح هييه 

 ي.تطارياخ خزن ووظام صيطزج كرزتائ

. يضخممل هذا الىظام هىظم ORCAD وظام الضيطزج الهرزتائي صمم تالهاهل واخخثز تاصخمماي هحاكي 

وعياكش لا يحخي ع عكيا هح ليح هزتي  الم جيح   300Vتف لخييح  4KWاخ تقيررج   ليح لشيحه الثطاريي

          50Hzوتزذذ  220Vتف لخيح 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


