MATEC Web of Conferences 184, 01001 (2018)
Annual Session of Scientific Papers IMT ORADEA 2018

https://doi.org/10.1051/matecconf/201818401001

Optimizing the mechanical device of a mono-axial sun tracking

mechanism

Catalin Alexandru®

Transilvania University of Brasov, Product Design, Mechatronics and Environment Department, 500036 Brasov, Romania

Abstract. The paper deals with the dynamic optimization of the mechanical device for a mono-axial sun
tracking system, with application for photovoltaic and solar-thermal systems, which convert the solar
radiation in electrical or respectively thermal energy. The actuating of the mono-axial tracking mechanism is
carried out by using a linear actuator, the optimization study intending to determine the optimal configuration
of the mechanism with the aim to minimize the motor force developed by actuator in order to perform the
imposed step-by-step tracking algorithm (motion law). The design variables in the optimal design process are
represented by the global coordinates of the connection points of the linear actuator to the adjacent parts (the
solar panel and the fixed support). The optimization study is conducted in virtual prototyping environment.

1 Introduction

In order to increase the efficiency of the solar panels
(photovoltaic and solar thermal panels/collectors), a
commonly used solution consists of equipping them with
tracking systems (also called solar trackers), which allow
the panel/collector to follow the trajectory of the sun on
the celestial vault, so as to capture a greater amount of
incident solar radiation [1-4]. By using such systems, the
energetic efficiency of the solar panels/collectors can be
significantly increased, in correlation with the specific
geographic and climatic conditions [5-7].

The active tracking mechanisms of the solar panels are
mechatronic systems, which integrate mechanical and
electronic components. Generally, the optimization of the
dynamic behavior of the tracking systems addresses two
aspects (corresponding to the two main components of the
mechatronic product):
= the geometric optimization of the mechanical structure

(device), in order to minimize the driving forces

developed by the actuators for performing the required

motion (tracking) laws;

= the optimization of the control system in order to
reduce the transient period, and minimize the tracking
errors.

The both optimization ways aim, in fact, to reduce the
energy consumption necessary to achieve the orientation,
with a beneficial effect on the energy efficiency of PV
tracking system. For the present work, the study is
focused on the first optimization way (optimal design of
the mechanical device). The dynamic model of the solar
tracker was designed in mechatronic concept, by using
MBS (Multi-Body Systems) and DFC (Design for
Control) software solutions (namely, ADAMS and
EASYS5 of MSC.Software).

2 Setting the optimization problem
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The use of a virtual prototyping platform offers the
possibility to easily optimize the behavior of the
mechanical & mechatronic systems by quickly testing a
multitude of design variants (in terms of location,
orientation and characteristics of the specific elements,
mass distribution and so on), at reduced costs compared
to the optimization process based on building & testing of
physical (experimental) prototypes [8-10].

The optimization of the solar panel tracking systems
from the point of view of the geometrical configuration of
the mechanical device is based on the following stages:
parameterizing the MBS virtual model; modeling the
design variables, constraints and objectives; carrying out
parametric design studies to identify the main design
variables (with significant influence on the dynamic
behavior of the tracking system, which is expressed by the
design objectives); optimizing the virtual model by
identifying the optimal values of the main design
variables that assure, by case, the minimization or
maximization of the design objective functions.

In this study, the goal of the dynamic optimization of
the solar panel tracking systems is to minimize the motor
force developed by the driving actuator, which in fact
leads to a reduction in energy consumption (demand) to
achieve the orientation. The case study is developed for a
mono-axial tracking system, with one degree of freedom
(DOF), corresponding to the diurnal movement of the
solar panel, while the elevation is maintained at a fixed
position. The solar panel is operated by means of a linear
actuator disposed between the panel frame and the fixed
support, the step-by-step motion law being modeled so as
to achieve a minimum number of actuations (for energy
efficiency considerations).

The virtual model of the mechanical device of the
mono-axial solar tracker, which was developed by using
the MBS software solution ADAMS, is shown in figure 1.
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On the other hand, the control system diagram block
(figure 2) was developed by using a specific DFC (Design
for Control) software solution (EASYS), the detailed
description of the control device following to be presented
in a future paper.
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For these input data, the time history variations of the
daily angle, which is measured in the revolute joint A-A’
between panel and support, and the corresponding angular
velocity at which the diurnal movement is performed are
shown in figure 3. By the inverse kinematics of the
tracking mechanism, the correlation between the position
angle of the solar panel and the linear stroke in the driving
actuator is established.
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Fig. 2. The DFC model of the control system.

The controlled parameter (which is input in the control
system model) is represented by the diurnal angle of the
solar panel, while the motor force developed by the linear
actuator defines the input in the mechanical device model.
The communication between the mechanical & control
components is managed through the ADAMS/Controls
interface.

For the present paper, the numerical simulations are
made considering the data specific to the Brasov
geographical area (latitude - 45.6333 North, longitude -
25.5833 East), on the day of the summer solstice (21 of
June, sunshine local time - 5.466, sunset local time -
21.183). The step-by-step motion (tracking) program was
designed in accordance with the algorithm presented in
[5], as follows: the angular domain for the diurnal
movement - f*[64°, -64°], where *=0° corresponds to
the solar noon position; the actuating timing (in local
time): 9.319 (AP*=14°), 10.319 (Ap*=14°), 11.239
(AP*=12°), 12.089 (Ap*=12°), 12.919 (AB*=12°), 13.719
(AP*=12°), 14.549 (Ap*=12°), 15.399 (AB*=12°), 16.319
(Ap*=14°), 17.319 (AP*=14°); return to the initial
position (local time): 21.183.

Fig. 3. The step-by-step tracking law.

The parameterization of the virtual model of the
tracking system shown in figure 1 is based on the design
points that define the structural scheme of the system, in
this case the locations of the joints between bodies. For
the optimization study, the connection points of the linear
actuator to the adjacent elements (piston to panel frame -
B, and cylinder to support - D) have been considered. The
locations of the revolute joints between the panel frame
and the fixed support (A - A ') are considered to be
established on constructive criteria.

In this way, 6 design variables, which will control the
model during the optimization, have been obtained,
namely the global Cartesian coordinates (in the global
reference frame XYZ) of the design points B and D:
DV 1 - X, DV 2 - Y, DV_3 — Zs, DV_4 — Xp,
DV 5 — Yp, and DV_6 — Zp. Each design variable is
defined by an initial value, and a variation range relative
to the initial value, which was set in view of maintaining
the system within acceptable constructive limits.

In order to maintain the relative location and
orientation in the translational joint between the two
components of the actuator (cylinder and piston), the two
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joint coordinate systems have been parameterized using g 1
the following expressions: LOC RELATIVE TO ({0, 0, - LHTA e f'5__<|
0}, POINT C) - the function sets the location of the [M]
coordinate systems that define the translational joint 1ooo.o
relative to the position of the design point C;
ORI_ALONG_AXIS (POINT D, POINT B, "Z") - the
function sets the Z-axis orientation of the coordinate
systems, representing the translational motion axis, in the 250.01 I I :
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On the other hand, a design constraint has been T
defined to control the value of the pressure angle [h]
measured between the force vector generated by the 5000,
actuator and the linear velocity vector on the solar panel ’
at point B. Theoretically, the tracking mechanism self-
locks when the pressure angle reaches 90°, but practically,
due to the friction, the self-locking occurs at values less % power_consumption r$_<|
than the theoretical boundary. For safety reasons, the =
maximum acceptable value of the pressure angle was set 00 W]
at 65°. In ADAMS, the sign of the measure defining a ’
constraint has a special significance. For example, if a
constraint is positive, then it is violated, or if it is negative,
the constraint has not been violated. In these terms, the 2 I | | I
design constraint was defined by a measure that subtracts 5.8 | '
the maximum accepted value from the current value of the | I
pressure angle.
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3 Results and conclusions

The parametric design studies have been carried out to
determine the sel.lsitiv%ty of the objectiye funqtion (motor 3 energy_consumption rl$_<|
force) to the modification of the six design variables. Such e
a study is performed for each variable, by swapping it in 1500 [Wh/day]
the specific variation domain (value range), considering
the other variables with the initial (standard) value. As
result of these studies, the main design variables (with
significant influence on the design objective) have been
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identified, namely DV 2, DV 3 and DV 6. The other 0o

design variables (DV_1, DV_4 and DV_5) are secondary 00

variables (with small influence on the design objective), ’

which will be neglected in the optimization process (they [h]
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In the initial design, before optimization, the dynamic

behaviour of the tracking system is defined by the results

shown in figure 4 (the time history variations of the motor - .

force, power & energy consumption, and pressure angle). 7 pressure_angle r5__<|

The optimization of the mechanical device was performed [dar}

on the basis of the main variables, by seeking the optimal w0 ——
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values of these variables in the considered value ranges
(by simultaneously changing all the main design variables
DV 2, DV_3 and DV_6). The optimal design, after
optimization, is defined by the results shown in figure 5. 0.0

The optimization leads to a significant reduction in
power/energy consumption for performing the tracking,
with minor changes in the geometric configuration of the
mechanism. At the same time, the pressure angle remains ] i [h]
within the required limits. 0.0 12.5 5.0

Fig. 4. Results specific to the initial design of the mechanism
(before optimization).
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Fig. 5. Results specific to the optimal design of the mechanism
(after optimization).

The application presented in this work is a suggestive
example on the facilities offered by the virtual prototyping
technique in the optimal design process of the
mechatronic tracking systems of the solar panels. The
virtual prototype of the solar tracker allows the
assessment of various tracking strategies (in terms of
angular motion domain, number of actuation steps,
actuating timing) in order to increase the energy
efficiency and reliability of the sun tracking mechanism
(by maximizing the solar radiation input, minimizing the
power/energy consumption to achieve orientation,
minimizing the operating time of the driving actuators).
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