IOP Conference Series: 55‘::; PURPOSE-LED
Materials Science and PUBLISHING

Engineering
PAPER « OPEN ACCESS You may also like
. . . - Staring at the Sun wi e Keck Plane
Multi-body system simulation of the sun trackers Fidec n Auonomous Sl Calva
or Hig ignal-to-noise Sun-as-a-star
used for PV panels Specura

Ryan A. Rubenzahl, Samuel Halverson,
Josh Walawender et al.
To cite this article: C Alexandru 2019 /OP Conf. Ser.: Mater. Sci. Eng. 568 012001 - A novel adaptive sun tracker for spacecraft
solar panel based on hybrid unsymmetric

composite laminates
Zhangming Wu and Hao Li

- Dynamic simulation of the adaptive sun
tracking system used for an electric

unmanned ground vehicle
C Alexandru

View the article online for updates and enhancements.

E The Electrochemical Society .
Advancing solid state & electrochemical science & technology SC’en ce +

s | Technology +
248th Y%VU!

ECS Meeting

Chicago, IL
October 12-16, 2025

Hilton Chicago - Register by

September 22
p to save $$
REGISTER NOW

This content was downloaded from IP address 109.103.184.112 on 21/09/2025 at 15:08



https://doi.org/10.1088/1757-899X/568/1/012001
/article/10.1088/1538-3873/ad0b30
/article/10.1088/1538-3873/ad0b30
/article/10.1088/1538-3873/ad0b30
/article/10.1088/1538-3873/ad0b30
/article/10.1088/1361-665X/aa9082
/article/10.1088/1361-665X/aa9082
/article/10.1088/1361-665X/aa9082
/article/10.1088/1757-899X/568/1/012019
/article/10.1088/1757-899X/568/1/012019
/article/10.1088/1757-899X/568/1/012019
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuzNcPH10iAy78OUiRYfsMs36RoPtZsRdH5PVJxYqN8b303e4tJ6ytmLG8DJB9pxJaRbaYKYqsZ6HWNRLFpMtZGLr3dGa382aIJnORoLmSjsl8fLWtN1SqG1QpOC-Ip5GWjHbP70YfrlyNLOcPjTLQ_aQ5tRnj5qZX-0C3vASXuCpdramZf6tUv8yC0M7Lj5qJaIovGZ_EjuZ2Zfp74S6A9nj2pWSvRRhHUNhqEPtg4SXNDs3wwgNnaT8XC6YlSu5NJuNngRo_hRfCQEp-q4BVO78AiOsKQg_gjgy92YBM4N8h2ouIBkMNK4Ap9mBNIxgD7J7g2hK2BigPHaf6l9gePs7nb2vpFFQvVf38TEYIvEyU45eEj67oJ&sig=Cg0ArKJSzMP-kgzD2ull&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/248/registration%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_248_Early_Reg%26utm_id%3DIOP%2B248%2BEarly%2BRegistration

Annual Session of Scientific Papers "IMT ORADEA 2019" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 568 (2019) 012001 doi:10.1088/1757-899X/568/1/012001

Multi-body system simulation of the sun trackers used for PV
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Abstract. The article approaches the design algorithm of the sun trackers used to improve the
energy conversion performance of the photovoltaic systems. In this regard, three specific types
of mechanical models are developed in an integrated concept, in the following sequence:
kinematics - inverse dynamics - dynamics. The application is carried out by considering a dual-
axis sun tracker that uses two linear actuators as driving sources for the diurnal and elevation
movements. The MBS package ADAMS is used to model and simulate the behaviour of the
sun tracker in virtual prototyping environment.

1. Introduction

The renewable energy is a very good alternative for avoiding the major problems that arise from the
use of traditional energy sources, such as the limited resources of fossil fuels, the pollution, or the
green-house effect. Improving the efficiency of the conversion devices of the renewable sources (e.g.
sun, wind, or water) is a constant concern and challenge for the research, development and innovation
(RDI) in the field. In the case of photovoltaic systems (PV), one of the viable solutions for this
purpose is the implementation of sun tracking systems, which allow the capture of as much incident
solar radiation as possible [1-4]. Most of the tracking systems are based on different structures of
mechanical systems (more or less complex), whose drive is made by actuators (motors) that are
commanded so that to allow a more accurate tracking of the sun [5-8]. Estimating the behavior of the
tracking systems is crucial for their optimal design in accordance with the specific implementation
area [9-12].

The literature reveals a variety of ways for evaluating the behaviour of the mechanical/mechatronic
systems. The analytical methods are frequently used, being based on the determination of motion laws
in the form of analytical functions. Although seemingly more difficult, the analytical approach offers a
high accuracy of the results obtained, it can apply to all types of systems (planar, spatial and
spherical), and is suitable for computer programming. The analysis can be accomplished with both in-
house specialized programs, based on a programming language platform, as well as with MBS (Multi-
Body Systems) commercial programs.

An important advantage of MBS programs is that the movement equations are formulated and then
automatically resolved. Among the commonly used formalizing algorithms used by the commercial
MBS software solutions, the following can be mentioned: Lagrange, Euler, Kane, or d'Alembert. From
this point of view, there are two major MBS software groups: programs that form numerically the
motion equations for each integration step; programs that symbolically formulate the motion
equations, the user then establishing whether or not to integrate the equations, which can be carried out
with symbolic computing programs (such as MATLAB or MAPLE). Complex virtual prototypes can
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be created with the help of MBS software solutions, in order to obtain products that function in line
with the high market demands [13-17]. Thus, it is possible to accurately model both the mechanical or
mechatronic system itself and the environment in which it operates. This eliminates much of the
experimental testing, which is an expensive and time consuming process. However, the experimental
testing will still be necessary, but at a much lower level, for validating the virtual prototype.

In this regard, the work shows the analysis algorithm for PV tracking systems. The application is
carried out by considering a bi-axial mechanism, which uses linear actuators as driving sources for the
daily and elevation motions. The MBS package ADAMS of MSC.Software is used for conducting the
tests in virtual environment.

2. Tracking systems designing algorithm
For the tracking systems design, the following mechanical models can be developed/conceived, in
accordance with the flow-chart from Figure 1:

a. kinematic model - contains the bodies (parts), ] Motion generator
connected by geometric constraints; the Geometrical -
actuating is modeled by motion restrictions parameters ) .
that arge applied inythe rotational or F p Kinematic model
translational joints of the driving elements T Kinemati
(rotary or linear actuators), thus controlling Kinematic b ahm}a €
their linear or angular position; optimization aviaur

b. inverse dynamic model - includes the external
and internal forces that act in the tracking
mechanism (e.g. mass and inertia forces), the
actuating being performed in a similar way
with the Kkinematic model (by motion
restrictions); the model is used to determine
the motor torques or forces (depending on the

type of actuating element - rotary or linear External and
actuator) that generate the kinematically : -
prescribed behavior of the mechanism; w Inverse dynamic
c. dynamic model - its structure is similar to that model
of the inverse dynamic model, the distinction Motor torque /
consisting in the way in which the action is force
X k J
modeled (by motor torque/force instead of Dviamic Dvnamic model -
movement restrictions); the dynamic model is Do
useful for evaluationg the tracking system optimization virtual prototype

behavior under the action of external and

interal forces/torques.

In this paper, for implementing the design
algorithm, a bi-axial tracking mechanism is
proposed, the two degrees of freedom of the No
system, namely the daily and elevation
movements, being generated/conducted by linear
actuators. Sun tracking for the both movements is
realized in steps, the motion functions of the
photovoltaic panel being designed with the
purpose to enssure an optimal number of steps,
with a minimal energy demand to carry out the Physical prototype
movements, what will be found in increasing the
system efficiency.

Dvnamic
behaviour

Figure 1. The designing algorithm.
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3. Case study

The MBS model of the bi-axial sun tracker (Figure 2) contains two kinematic loops, corresponding to
the diurnal (ABCD) and elevation (EFGH) movements. The geometric constraints in A, B, D, E, F,
and H have been modeled by rotational joints, whereas the connections C and G (between the two
components of the acuators) are translational joints. For the diurnal movement, the panel (1) rotates
relative to the intermediary support (2) around the axis A-A’(the joint A’ is kinematically passive).
The elevation movement is performed by rotating the support relative to the fixed pillar (0), which is
rigidly connected to ground.

Figure 2. The MBS model of the bi-axial PV system.

Simulations performed for this work correspond to summer solstice day, and Brasov
implementation area (sunrise at 4.26, sunset at 19.74, in solar time), which actually determines the
orientation of the PV panel according to the sun position. In case of the daily motion, the angular
domain of the panel is 120°, in the interval [+60°, -60°], relative to the zero position at solar noon.
At sunset, the panel returns to the initial position. The adjustment of the elevation angle of the
panel is performed with two motion steps (passing from 11° to 22.05°, and then back to 11°, the
angle being measured relative to the horizontal axis). In the virtual model developed in ADAMS,
the motion laws of the panel have been modeled by summing a series of STEP time functions, by
using ADAMS/Function Builder. In these terms, the variation diagrams of the diurnal and elevation
angles are shown in Figure 3. Afterwards, the inverse kinematic analysis was carried out with the
aim to determine the corresponding linear displacements (strokes) in the two actuators (Figure 4).
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Figure 3. The angular motion functions. Figure 4. The linear displacements in actuators.
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Figure 5. The motor forces generated by the linear actuators (a - daily motion, b - elevation).
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Figure 6. The power consumptions for performing the tracking (a - daily motion, b - elevation).
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Figure 7. The energy consumptions for performing the tracking (a - daily motion, b - elevation).

The actuating forces generated by the motors for assuring the sun tracking in compliance with the
imposed motion laws have been obtained by the inverse dynamic analysis (Figure 5). Then, these
forces have been applied as input parameters in the dynamic analysis. Among the specific dynamic
parameters, Figure 6 shows the power consumptions required to carry out the two movements, through
whose integration the corresponding energy consumptions have resulted (Figure 7). It is noticeable
that low consumption is obtained, which influences positively the PV system efficiency.
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4. Conclusions

This work aims to highlight the importance of the testing in virtual prototyping environment, given
that the alternative for identifying the optimal solution would have been the development and testing
of experimental models, which is an expensive and time consuming process. An important advantage
of the testing in virtual prototyping environment consists in the ability to make measurements that are
actually very difficult to be performed on physical prototypes. The paper was focused on the analysis
process, following that in a forthcoming work to accomplish the optimization of the proposed sun
tracker, thus addressing the whole design flow-chart in the manner in which it is shown in Figure 1.

References

[1] Alexandru C and Comsit M 2008 The energy balance of the photovoltaic tracking systems using
virtual prototyping platform Proceedings of the 5th IEEE International Conference on the
European Electricity Market - EEM pp 253-258

[2] Alexandru C 2009 The design and optimization of a photovoltaic tracking mechanism
Proceedings of the 2nd IEEE International Conference on Power Engineering, Energy and
Electrical Drives - POWERENG pp 436-441

[3] Flores-Hernandez D A, Palomino-Resendiz S, Lozada-Castilloc N and Luviano-Juarez A 2017
Mechatronic design and implementation of a two axes sun tracking photovoltaic system
driven by a robotic sensor Mechatronics 47 pp 148-159

[4] Nsengiyumva W, Chen S G, Hu L and Chen X 2018 Recent advancements and challenges in
solar tracking systems (STS) Renewable & Sustainable Energy Reviews 81 pp 250-279

[5] Alexandru C and Tatu I N 2013 Optimal design of the solar tracker used for a photovoltaic
string Journal of Renewable and Sustainable Energy 5 pp 1-16

[6] Cinar S M, Hocaoglu F O and Orhun M 2014 A remotely accessible solar tracker system design
Journal of Renewable and Sustainable Energy 6 pp 1-12

[71 Tonita M and Alexandru C 2012 Dynamic optimization of the tracking system for a pseudo-
azimuthal photovoltaic platform Journal of Renewable and Sustainable Energy 4 pp 1-15

[8] Vieira R G, Guerra F K, Vale M R and Araujo M M 2016 Comparative performance analysis
between static solar panels and single-axis tracking system on a hot climate region near to
the equator Renewable & Sustainable Energy Reviews 64 pp 672-681

[9] Altuzarra O, Macho E, Aginaga J and Petuya V 2015 Design of a solar tracking parallel
mechanism with low energy consumption Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Science 229 pp 566-579

[10] Seme S, Stumberger B and Hadziselimovic M 2016 A novel prediction algorithm for solar
angles using second derivative of the energy for photovoltaic sun tracking purposes Solar
Energy 137 pp 201-211

[11] Sharaf Eldin S A, Abd-Elhady M S and Kandil H A 2016 Feasibility of solar tracking systems
for PV panels in hot and cold regions Renewable Energy 85 pp 228-233

[12] Sinha S and Chandel S S 2016 Analysis of fixed tilt and sun tracking photovoltaic-micro wind
based hybrid power systems Energy Conversion and Management 115 pp 265-275

[13] Alexandru C and Pozna, C 2009 Dynamic modeling and control of the windshield wiper
mechanisms WSEAS Transactions on Systems 8 pp 825-834

[14] Alexandru C and Alexandru, P 2010 The virtual prototype of a mechatronic suspension system
with active force control WSEAS Transactions on Systems 9 pp 927-936

[15] Alexandru C and Alexandru, P 2011 A comparative analysis between the vehicles' passive and
active suspensions International Journal of Mechanics 5 pp 371-378

[16] Alexandru P, Macaveiu D and Alexandru C 2012 Design and simulation of a steering gearbox
with variable transmission ratio Proceedings of the Institution of Mechanical Engineers, Part
C: Journal of Mechanical Engineering Science 226 pp 2538-2548

[17] Tarnita D and Marghitu D 2013 Analysis of a hand arm system Robotics and Computer-
Integrated Manufacturing 29, pp 493-50



