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Abstract. Firstly, this second part of the paper models and simulates the azimuthal PV tracker incidence angle 
variations. On the basis of the numerical simulations, there are presented a comparative analysis of the incidence angle 
variations obtained with the two tracker types (azimuthal and pseudoequatorial) and the main conclusions derived from 
this analysis. The results are very useful in the tracker’s design. 
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1. Introduction  

The main objective of this second part of 
the paper is to model the azimuthal PV tracker 
incidence angle. In order to do this, firstly the 
paper establishes the sun-ray unit vector and the 
PV panel normal unit vector; by means of these 
unit vectors, there is modelled the incidence 
angle. Secondly, there are made some simulations 
for this modelling. The simulations’ results enable 
the comparative analysis of the azimuthal dual-
axis tracker versus the (pseudo)equatorial dual-
axis tracker and the horizontally fixed, 
respectively titled fixed solar panels cases.  

In the figure 1 there are illustrated the 
Earth- tracker relative position and the due angles 
of the azimuthal system Qx0y0z0 (ψ, α). 

2. Unit vectors modelling 
For energetic and economical reasons, the 

angular displacement of the tracked PV panel is 
made discontinuously (in steps), so the tracker’s 
angles ψ and α have discreet variations. In order 
to distinguish them from the sun-ray angles 
(which have continuous variations: ψ and α; see 
figure 1) in the below correlations the tracker’s 
angles are marked with asterisk: ψ* and α* (see 
figures 2 and 3). 

From figure 1, which shows the sunray 
geometry in the local system Qx0y0z0, the 
following expression of the sunray unit vector can 
be obtained: 
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Figure 2 illustrates the kinematical scheme 
of the azimuthal dual-axis tracker, in which 
interfere three reference systems: the local system 
X0Y0Z0 and two intermediate systems X1Y1Z1 
and X2Y2Z2; the unit vector of the axis Z2 is 
perpendicular on the PV panel. From figure 2 the 
following correlation of the PV panel normal unit  
vector can be established: 

 
 

 
Figure 1. The scheme of the azimuthal PV tracker 

related to: 
a) the Earth and b) the observer reference system 

b) 

a) 
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Figure 2. Kinematical scheme of the azimuthal  

dual-axis tracker 
 

 
Figure 3. The scheme of the tracker’s actuators 

 
Figure 3 illustrates the scheme of the 

azimuthal tracker with its linear actuators Aψ and 
Aα; these actuators drive the tracker’s angular 
displacements ψ* and α*. 

3. Sunray-PV panel incidence angle 
The incidence angle between the sunray and 

the PV panel, orientated by the azimuthal tracker, 
can be obtained using the correlations (1) and (2): 
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4. Numerical simulations and 
interpretation 

Using the incidence angle model, depicted 
by the realation (3), some numerical simulations 
were made, by means of the Excel software. In 
these simulations were considering the following 
input data: a) latitude φ = 45° N, b) day n = 172 
Summer Solstice (June 21st) � δ = +23.45°,  
c) day n = 355 Winter Solstice (December 21st) 
� δ = -23.45° and d) days n = 80 and 262 Spring 
Equinox (March 21st), respectively Autumn 
Equinox (October 21st) � δ = 0°.  

An orientation cycle of the solar panel 
consists in: aprox. 1 min. displacement + aprox. 
59 min. standing. 

The simulations’ results are illustrated in 
figures 4 ÷ 18. 

Figures 4, 5, 9, 10, 14, 15 illustrate that the 
incidence angles of an azimuthal dual-axis tracker 
have smaller variation compared with the ones of 
an equatorial dual-axis tracker ; the incidence 
angles variation of the equatorial dual-axis tracker 
is bigger in the morning and in the evening. On 
the other side, the ignitions number and the acting 
time of the motors are smaller in the equatorial 
tracker case. 

The figures 6, 7, 11, 12, 16, 17 illustrate 
that the azimuthal displacement has a much higher 
influence on the tracking accuracy than the 
altitudinal displacement. 

As it can be seen in figures 5, 7, 10, 12, 15, 
17, the azimuthal tracker, with α* ≈ 40° = 
constant, achieves incidence angles’ variations 
comparable to the equatorial tracker variations. 

In the considered numerical situation (see 
figures 6, 8, 11, 13, 16, 18), the incidence angles’ 
variations of the fixed PV panels are about similar 
between them and net bigger than the tracked 
panels.  
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Figure 4. The incidence and auxiliary angles variations of the azimuthal dual-axis tracker, during the summer solstice.
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Figure 5. Summer solstice variations for the 
(pseudo)equatorial dual-axis tracker 
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Figure 6. Summer solstice ν variation for an azimuthal 

single-axis  tracker with ψ* = 0 
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Figure7. Summer solstice ν variation for an azimuthal 

single-axis tracker with α* = 40 
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Figure 8. Summer solstice variation of the incidence 

angle ν for the azimuthal dual-axis tracker vs. 
horizontally fixed and tilted fixed panels 
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Figure 9. The incidence and auxiliary angles variations of the azimuthal dual-axis tracker, during the winter solstice 
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Figure 10. Winter solstice for the (pseudo)equatorial  
dual-axis tracker 
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Figure 11. Winter solstice ν variation for an azimuthal 

single-axis  tracker with ψ* = 0 

Figure 12. Winter solstice ν variation for an azimuthal 
single-axis tracker with α* = 40 
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Figure 13. Winter solstice variation of the incidence 

angle ν for the azimuthal dual-axis tracker vs. a 
horizontally fixed and a tilted fixed panels 
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Figure 14. The incidence and auxiliary angles variations of the azimuthal dual-axis tracker, during the equinoxes 
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Figure 15. Equinoxes variations for the (pseudo)equatorial 

dual-axis tracker 
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Figure 16. Equinoxes variations for an azimuthal single-

axis  tracker with ψ* = 0 
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Figure 17. Equinoxes variations for an azimuthal single-

axis tracker with α* = 40 
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Figure 18. Equinoxes variation of the incidence angle ν 

for the azimuthal dual-axis tracker vs. a horizontally 
fixed and a tilted fixed panels 
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5. Conclusions 
In this second part of the paper there was 

modelled the incidence angle for the azimuthal 
dual-axis PV tracker. 

The model was tested with Excel software 
using numerical simulations. 

The comparison between the dual-axis 
azimuthal tracker and dual-axis (pseudo) equatorial 
tracker highlights that: 

the dual-axis equatorial tracker achieve 
bigger incidence angle variation, but this tracker 
achieves also a smaller motor ignitions number and 
a smaller acting time (that is a smaller energetic 
consumption).  

The numerical simulations have shown that 
the azimuthal displacement of an azimuthal tracker 
has a higher influence on the tracking accuracy 
than the altitudinal displacement. 

The significant difference between the 
incidence angle of a tracked panel and the one of a 

horizontally fixed or tilted fixed panel emphasizes 
the fact that the panel tracking is efficient and 
recommendable to be used in practice. 
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