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Summary: This paper analyses the required values for development of rooftop solar panel systems with positioning mechanism systems. The use of sun tracking systems directly influences energy efficiency during the exploitation of solar power. An analysis has been performed of the angles typical for mechanism positioning. Parameters and requirements for the rotation of the sun tracking system are given for Kragujevac, Serbia, along two rotational axis. It is suggested that the rotation around the east-west axis be preformed day by day, and the rotation around the north-south axis by the hour. Finally conclusions have been drawn and suggested steps for the development of such mechanisms have been given. 
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INTRODUCTION
Today, energy production trends are to use renewable energy sources wherever possible. Some of the main benefits of using renewable energy sources is high energy efficiency, inexhaustible resources and conservation of the environment. One of the most frequently used sources of renewable energy is solar energy. 
Solar enegy is used throughout history in many different ways, and it has greatly drawn the attention of researchers as a very attractive field. Modern day research is based generally on increasing the efficiency of solar energy exploitation. One of the possible ways of enhancing the efficiency of exploitation is through the use of solar tracking systems. 
Research into sun tracking systems can be devided into one-axis systems [1] and two-axis systems [2, 3, 4, 5] according to the axis of rotation along which the sun is being tracked. Numerous authors have assessed the efficiency of solar systems which use sun tracking as aposed to the permanent mounting of solar systems [1, 3, 4, 6, 7]. Papers are usualy oriented on finding adequate locations on which to place solar panels in order to be as efficient as possible[2, 5, 6, 9]. Research is also developing in the direction of designing practical solutions [3].
Sun tracking systems can be exploited to a greater degree. Through the use of systems which directly influence efficiency and cost effectiveness of solar energy exploitation, awareness about the benefits and significance of solar energy. The use of solar panels on net zero energy building has a very important role, but it is necessairy for these systems to be profitable, usable in practice and be as efficient as possible. Sun tracking systems can significantly increase solar system performance which is the general motivation behind this research. This paper is oriented on the region of Serbia. Specific values in this paper are presented for the city of Kragujevac. The determination of a favorable position for placing a solar system and the development of a solution for the design enables the suns energy to be mass exploited in practice, and for developed systems to be accepted widely in engineering practice. 
IDENTIFICATION OF THE PROBLEM
Solar energy represents an important alternative in the development of net zero energy building, as well as for implementation in current buildings. The significance of solar energy is reflected in its inexhaustible source and ecological characteristics. Exploiting this energy represents an important step in conserving the environment. For solar energy to be exploited, it is necessary to create systems which are economically justified and sufficiently efficient. Solar systems have the greatest efficiency when the angle at which the sun’s rays hit the solar collector or PV panel is 90°. Because of this it is necessairy to find the range of the angles at chich it is possible to place solar systems. Jasmina S. and others [9] have researched finding the optimal angle values for placing solar collectors in the city of Belgrade which grately simplifies research. For this paper placement of a solar system toward the south side has been developed for Kragujevac.
2.1 MATHEMATICAL DESCRIPTION
Values which influence the calculation of the angles according to the position of the sun are shown in figure 1:
[image: ]
Fig 1. Angle of sun’s rays [8]
The angle of incidence is calculable by the use of the following equasion [8]:


	(1)


Where given variables are:
 – Latitude of observed location
 – Declination,
 – Surface tilt from horizontal position,
 – Azimuth angle of the surface,
 - Hourly angle
For horizontal surfaces it is possible to significantly simplify this equation since the tilt from the horizontal position is then β=0°, hence the incidence angle of the sun's rays can be given as [6, 7, 8]:

	(2)

The hourly angle from the aforementioned equations is calculated as [7, 8]:

	(3)

Where the sign determines the time from noon.
Declination can be defined as:

	(4)

where N is the day number of the year (0-364 days). Earth's rotational axis is always inclined at an angle of 23.45 ° to the normal to the plane of the right of revolution, which passes through the common point of the rotation axis and the plane of revolution.
Previous expressions it is possible to calculate the incidence angle for rotation about the axis east-west. Based on the values ​​of the incident angle is simply defined to be the angle of the sun position tracking mechanism on the horizontal plane:

	(5)

To sun tracking system could ensure follow the sun around the north-south axis it is necessary to calculate the solar azimuth angle. Azimuth angle can be calculated according to the formula [8], as presented in Figure 1:

	(5)

If the projection of the sun on a horizontal plane behind the east-west azimuth angle in the morning takes the value , and for the evening when the azimuth angle crosses the east-west value is .
2.2 CALCULATING VALUES AND CONSTRAINTS
This research is oriented to Kragujevac. The angle value of northern latitude for Kragujevac is . It is also necessary to mention that in this study the value of incident angle calculated for subordination - 12 pm.
Calculation of azimutnog angle made ​​by prediod from 8 AM to 4 PM. This investigation takes into account only typical days, 21 December (solstice) - 344 day in a row, 21 Jun (Solstice) - 172 day in a row, 22 March and 22 September (equinox) - 81 and 265 day in a row, respectively.
AQUIRED RESULTS
Incidence angle is used to rotate around the east-west axis, which determines the position of the solar panels for the caterer days of the year – daily rotation. From equation (2) incidence angle θ for a defined period of time viewed throughout the year gets in the range of about 22.3° to 69.23° at 12 pm, which is presented in Figure 2. In practical terms on a daily basis, incidence angle changes from 0° to morning hours to extremes value and again to 0 ° for evening classes. The average angle change per day observed 0.26° and which may have an important role in the continuous monitoring of the sun. The angle of inclination of sun tracking system in the horizontal plane is in the range of about 20.8° to 67.7° (Figure 2).
[image: ]
Fig 2. Angles of incidence and tilt around the east-west axis over the course of a year
The values ​​of the azimuth angle z are presented in Figure 3, where the values ​​of 22 March and 22 September are very close and whose difference is negligible value. Sun tracking system of values ​​azimuth angle should follow every hour. To follow azimuth angle of rotation of the sun tracking system by approximately north-south axis, keeping in mind that solar systems are oriented to the south. Azimuth angle at 12 AM has a value of 0°.
[image: ]
Fig 3. Azimuth angle values for significant days
For different days will get different values ​​azimuth angles, but it will contain all the values ​​between the results for 21 December and 21 June. Negative angle values ​​are discernible in the morning, while the afternoon of the angle is positive. The extreme value of this angle appears on June 21, which is important for defining the scope of sun tracking system. For the 8 pm band angle is in the range from -75.2° to -52.7° in the days of the year, while the 4 pm values ​​were 75.2° to 52.7°. Maximum angle range for the period from 8 am to 4 pm is 150.4°​​. A relevant change in the angle of the linear track the sun as possible to adopt the values ​​and Marth 22 September.
CONCLUSION
This research is a significant step forward for the implementation of sloar tracking system for the territory of ​​Kragujevac and the general territory of Serbia. Calculate the angle from which it is possible to give an appropriate solution, economically profitable.
Angle of incidence, observed the noon and every day of the year, ranges from a minimum value of about 22.3° to a maximum of 69.23°. The angle of incline the solar panel is in the range of about 20.8° to 67.7°. A range that is necessary to provide for the change point in creating sun tracking system is about 46.9°.
Azimuth angle in this research was observed for typical days. The scope of this angle in the extreme case is 150.4°​​. To 12 PM this angle is also 0°.
Tracking systems can be developed to monitor the steps (Step tracking), where the angles change takes place in certain periods of the optimum positions independently of one axis and the second axis. Also, it is possible to develop systems for tracking linear sun which is demanding solutions. These modes are the approximate solutions satisfying efficiency. In addition there is the possibility of creating a system that follows the sun to its exact position, but the effectiveness of these systems is still not justified. The development of these solutions is a direction for further research.
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