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Abstract: 

  In recent years, the increasing global 
interest in the conservation of environment 
has provided a fresh motivation for research 
in the area of solar energy utilization. It is 
clear that an external power source is 
necessary for energizing the sun tracking 
unit. The solar receiver efficiency can be 
improved by converting this to mechanical 
tracking system.  

  Solar tracking is a mechanism for orienting 
an object towards the sun. Here we are using 
double acting hydraulic actuator to track sun. 
Tracking Mechanism is pure mechanical 
means it utilizes a counter weight, rack and 
pinion gear and double acting actuator to 
form the tracking system 

Keywords: solar cooking, solar tracking, 
hydraulic actuator, mechanical tracking. 

I. Introduction 

  This paper describes an attempt that has 
been made to develop a pure mechanical 
tracking system using double acting 
hydraulic actuators. Incident angle of solar 
radiation plays an important role in energy 
conversion efficiency (proportionality of 
output energy is ideally co sine of incident 
angle) [1]. With the help of solar tracking 
mechanism, the efficiency of solar receptor is 
increased by 75 % compared to non-rotating 
receptor. [2]  

In 1962, Finster[3] was the first one to 
construct a solar tracking system using purely 

mechanical device. Later, the same objective 
was realized by employing an automatic 
electronic control by Saavedra [4] Since then, 
a lot of work has been carried out on the 
design of sun tracking systems using 
electromechanical actuators   

However, most of the tracking system 
requires electrical power to function. Fig.1. 
In the early 1980s Some tracking 
mechanisms where used which required no 
electric power supply and no electronic 
control devices for simplifying their 
mechanisms [5- 7]. These devices included 
heat responsive elements, when they were 
heated by the radiant energy from the sun a 
thrust will be developed. For the entire day 
these could change their position only two or 
three positions of the movement of the sun. 

 

Fig.1 Existing sun tracking system [6] 
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II. Objective of Project: 

  The main objective of project is to rotate 
solar trough using the rack and pinion by 
double acting hydraulic actuator. Counter 
weight utilized for controlling hydraulic 
actuator throughout the day. 

III. Functional model: 
A. Conceptualization of a Functional 

model: 

  In the present case, the key function of the 
proposed sun tracking mechanism would be 
to keep the solar receptor always facing the 
sun directly from sunrise to sunset. To 
accomplish this, a double acting hydraulic 
actuator would be fitted into the solar 
receptor assembly. This device would be 
activated by a counter weight connected with 
the system, counter weight will always act a 
pressure on hydraulic actuator causing a 
tracking of the solar receptor. Once the 
alignment of the solar receptor with the sun is 
accomplished, the actuator would take care of 
tracking by controlled movement of oil from 
one chamber to another chamber of double 
acting actuator. 

  To realizing the objective a working model 
is made. Hour angle is one of the important 
parameter we have to match when the system 
is under tracking. The hour angle is an 
angular measure of time and is equivalent to 
15° per hour [8]  

B. Construction of the working model:  

  Fig.2 shows a complete assembly of 
tracking system with double acting 
actuator.where label (a) parabolic trough 
structure. (b) evacuated tube support.(c) 
rotating base (d) tracking system using 

double acting hydraulic actuator.

 

Fig.2 Solar trough with double acting 
actuator 

More detailed view of tracking system is 
shown in fig.3  

 

 

Fig.3 Detailed diagram of tracking 
system 
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1.Uniform torque wheel 
2.Pinion 
3.Rack 
4.Counter weight 
5.Double acting hydraulic actuator 
6.Oil control valve 
7.Bearing Stand 
8.Bearing 
9.Sun Dial 
10.Parabolic trough structure. 
11.Rotating shaft 
  Rotating shaft is the main member which 
carry the complete system. All other elements 
are added to the rotating shaft for solar 
tracking. Uniform torque wheel and pinion 
are a compound unit coupled to rotating 
shaft. Counter weight attached with a 
uniform torque wheel using a string will 
provide a uniform torque to the pinion. 
Pinion is in connection with a rack, which is 
the end portion of double acting hydraulic 
actuator shaft. The two outlets of double 
acting actuators are interconnected using a 
control valve. Bearing stand will keep the 
system to a required height and bearing will 
reduce the friction involved in the rotation. 
Sun dial is a needle protruded from a round 
surface. By looking the shadow of the needle, 
one can judge the alignment of the system.   

C. Working principle of the model: 

  To start the system, it need the help of a 
human. Every morning system have to get 
align to sunrays by a human. The person who 
wants to align the solar trough will open the 
control valve, then by looking the sun dial 
rotates the system to a state where the sundial 
will not have any shadow.  After that the 
control valve will bring to initial position. 
The initial position of the control valve will 
be slight open position. While rotating the 

system we are doing work against counter 
wheel torque. Once its set then the counter 
weight will start do work on the system. To 
rotate the system torque will travel from 
counter weight through pinion to rack which 
is connected to double acting hydraulic 
actuator. This hydraulic actuator has two 
chambers on its left and right of the piston 
will gives two openings. These two openings 
are inter connected with the help of control 
valve and tube. Control valve have two 
positions, one is fully open and other is 
partially open. Fully open state of valve will 
let a free movement of fluid from one 
chamber to other, while partially closed valve 
position will let the fluid to flow in very 
slower rate, which will be a time-based flow. 
Looking at the viscosity of the oil and 
opening of the valve we can control the 
rotation of the system thereby track the sun. 

IV. Design: 

  To make the system cost effective all the 
elements in the system are prefer to pick from 
the standard parts available in the market. 

A. Uniform torque wheel 

  System will store energy in as torque 
provided by a counter weight. To experience 
a uniform force on the double acting actuator 
a wheel is designed  

 

Fig.4 Torque wheel 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 3 (2018) Spl. 
© Research India Publications.  http://www.ripublication.com

79



Radius of the wheel, r = 50cm (maximum 
possible considering the space constrain) 

Counter weight, m = 2 kg 

Torque supplied by counter weight         
=m*g*r=9.81 N-m 

Considering a frictional loss of 10% 

Effective torque= 8.83 N-m 

 

B. Rack and Pinion 

 

 Torque available at the pinion =8.83 N-m 

Fixing rack length,  Lr = 8 cm 

Required rotation for pinion, θ = 160° [8] 

Radius required for the pinion = Lr/ (θ* π 
/180) = 2.9 cm 

 There force acting at the rack =8.83 /.29 

                                                     = 30.44 N 

C. Design of Double side hydraulic 
actuator: 

  Selection of double acting hydraulic 
actuator is done by considering the rack 
length to be 8 cm. 

  From the market the best available double 
side hydraulic actuator is janatics 
A110401000 

 

Features: 

 Double acting cylinders (Ø 32 - 160 
mm) 

 Adjustable cushioning at both ends 
 Magnetic & Non-Magnetic versions 
 Low friction 
 Long life 

 
Force at the actuator piston will be 8.83 N 

We have equation for discharge of orifice  

Q = Cd ∗ A ∗
√2 ∗ 𝑝

√𝜌
 

Cd = 0.611 

Q=discharge in m3/s 
𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑜𝑖𝑙 
From the above equation the diameter of the 
orifice is obtained = 2.03mm 

V.     Conclusion  

From the study presented here that primarily 
deals with the development of the sun 
tracking mechanism using Double acting 
hydraulic actuator, the following conclusions 
are drawn:     

1. It is possible to develop a pure mechanical 
tracking device using double acting 
actuators. 

2. Tracking system will be as compact as 
electronic based system. 

3.Angular rotation will be gradual and more 
accurate since hydraulic force is utilized.  
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