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Abstract: In order to improve the overall performance of solar panel brackets, this article designs a simple
solar panel bracket and conducts research on it. This article uses Ansys Workbench software to conduct finite
element analysis on the bracket, and uses response surface method to optimize the design of the angle iron
structure that makes up the bracket. The overall model of the bracket before and after optimization is analyzed
and compared. The optimized angle iron section adopts the section height of 32mm, the section width of 21.6mm,
and the section thickness of 2mm. Compared with the original stent, the weight of the optimized stent was
reduced by 0.4365kg, and the weight loss rate reached 11.02%. At the same time, the maximum displacement of
the optimized bracket is reduced by 0.0531mm and the maximum stress is also reduced by 1.587MPa. This
indicates that the solar panel bracket enhances the overall performance of the bracket while achieving
lightweight.
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I.  Introduction

The widespread use of solar panels provides clean and renewable energy for social development,
becoming a key component in promoting sustainable development[1, 2]. The bracket needs to bear the weight of
the solar panel and ensure its stability. If the bracket structure is not strong enough, the solar panel may deform
or break, which not only affects power generation efficiency but also may cause equipment damage. Therefore,
studying the strength of solar panel bracket structures is crucial for improving the reliability and safety of solar
systems.

Jiang et al. conducted analysis and research on the structural design of photovoltaic bracket foundations
built on landfill sites, analyzing the advantages and disadvantages of different foundation forms[3]. Yin took a
certain buckle type full hall support as the research object, and used the finite element method to analyze the
stiffness and strength of various parts of the support system. He also analyzed the wind resistance stability of the
support, and the calculation results met the requirements[4]. Liu et al. conducted structural static simulation
analysis on the sangxia solar bracket structure and conducted modal analysis based on the actual working
conditions of the bracket, so as to analyze the overall performance of the solar bracket[5]. Zhu et al. used
Abaqus software to conduct research and analysis on solar panel brackets, and through mechanical simulation
and structural optimization, they improved the strength and stiffness of the solar panel bracket while reducing its
weight[6].

As a clean and renewable energy source, the application range of solar panels is continuously
expanding[7, 8]. With the continuous development of solar panels, solar panel bracket are also facing
increasingly high requirements. The solar panel bracket needs to bear the weight of the solar panel, and its
strength structure needs to ensure that the solar panel will not deform or damage[9, 10]. Based on this, this
article conducts research on solar panel bracket, and the analysis results can provide reference basis for the
design of subsequent solar panel bracket.

I1.  Bracket model and calculation method
2.1 Bracket model
The newly designed solar panel bracket in this article has a length of 508mm, a width of 574mm, and a
height of 418mm. All parts of the solar panel bracket are connected by angle iron. Simplify the process holes
and small rounded corners on the solar panel bracket, and the simplified three-dimensional model of the solar
panel bracket is shown in Fig. 1
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Fig. 13D model of solar‘panel bracket

2.2 Boundary conditions

This article uses Ansys Workbench for simulation analysis of solar panel bracket. In order to obtain
more accurate simulation data, this article uses a combination of triangular and quadrilateral elements to mesh
the bracket, and sets the size of the mesh element to 1mm, dividing it into a total of 616887 elements and
1615166 nodes. The solar panel bracket is made of Q235 carbon structural steel, whose elastic modulus is
210GPa, poisson ratio is 0.3, and mass density is 7850kg/m?. In order to simplify the calculation, the solar panel
is applied to the corresponding part of the bracket in the form of gravity load, and a fixed constraint is set at the
bottom of the bracket. The weight of the solar panel is 152N. The boundary conditions of the solar panel bracket

are shown in Fig. 2.
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Fig. 2 Boundary conditions of the solar panel bracket

In order to more intuitively reflect the deformation of the support beam, this article adds monitoring paths (1:
starting point, 2: ending point) at the centerline of the upper surface of the two support beams. The schematic
diagram of the monitoring path is shown in Fig. 3.

Fig. 3 Monitoring path of support beam
DOI:10.9790/1813-12093543 www.theijes.com Page 36




Optimization design study on a prototype Simple Solar Panel Bracket

2.3 Static analysis results

The displacement calculation results of the solar panel bracket are shown in Fig. 4. The maximum
displacement of the bracket occurs in the middle of the two support beams, with a maximum displacement of
0.2227mm. Meanwhile, the displacement change at the middle of the right support beam is slightly greater than
that at the middle of the left support beam. The maximum displacement of the support beam of the solar panel
bracket is less than 0.25mm, and the overall displacement of other components is less than 0.1mm, which can
meet the strength design requirements of the bracket.
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Fig. 4 Displacement diagram of the bracket

In Fig. 5, starting from the upper end of the support beams on both sides (A-1 and B-1), the
displacement of the left and right support beams gradually increases from 0.0164mm and 0.0166mm at the
upper end, respectively. The maximum displacement reached at 50% of the middle of the support beam is
0.1434mm and 0.1436mm respectively. Subsequently, the displacement continued to decrease to 0.0041mm and
0.0042mm at the lower end of the support beam. This is because the fixed constraints of the left and right
support beams are at the upper and lower ends, so under the gravity load of the solar panel, the maximum
displacement position appears in the middle of the support beam, which is consistent with the actual situation. In
addition, the displacement trend of the left and right support beams is roughly the same, but the overall
displacement of the right support beam is slightly greater than that of the left support beam. The displacement of

the support beams on both sides is very small, which can meet the strength requirements of the solar panel
bracket.
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Fig. 5 Displacement curve of support beam

The stress calculation results of the solar panel bracket are shown in Fig. 6. The maximum stress of the
bracket occurs at the position where the upper end of the left support beam contacts the fixed beam, with a
maximum stress value of 38.519MPa. The local stress of the bracket is shown in Fig. 7. At the same time, based
on the mechanical performance parameters of the support material, it can be obtained that the maximum stress
value of the support is far less than the yield strength limit of the material used.
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Fig. 6 Stress diagram of the bracket Fig. 7 Local stress diagram of the bracket

In Fig. 8, starting from the upper ends of the support beams on both sides (A-1 and B-1), the stress
values of the support beams on both sides gradually increase from 1.0206MPa and 1.0249MPa at the upper end
to 7.130MPa and 7.135MPa at a support beam ratio of 14.93%, respectively. As the distance increases, the stress
values of the left and right support beams gradually decrease to 1.6417MPa and 1.6387MPa at 51.74%, and then
increase again to 7.506MPa and 7.503MPa at 90.05%. The stress variation trend of the support beams on both
sides remains consistent, and the difference in stress variation between the two is very small. From this, it can be
seen that the stress values of the support beams on both sides of the bracket are relatively small, and there will
be no strength damage, which can meet the strength design requirements of the solar panel bracket.
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Fig. 8 Stress curve of support beam

I11.  Optimization Design Based on Response Surface Methodology
In order to further improve the performance of the bracket, the bracket is lightweight while ensuring
the strength of the solar panel bracket. Considering that the cross-sectional shape of the angle iron used for
making the bracket is the same, this article uses Ansys Workbench's Response Surface Optimization to optimize
the cross-sectional shape of all components of the bracket.

3.1 Optimizing mathematical models

The aim of this study is to optimize the cross-sectional shape of the angle iron in the solar panel bracket,
S0 as to achieve optimal performance while meeting strength requirements. This optimization aims to optimize
the quality, maximum displacement, and maximum stress of the support. The optimized mathematical model is
shown below.

min F(x) = {F.(x), F,(x), Fg(X)}T ¥
F.(x) =min(m_,.)
F,(X) =min(@,.,) (2)
F,(x) =min(o,.,)

Where: m_ is the mass of the bracket, kg; @,.,, is the maximum displacement of the bracket, mm; o, is
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the maximum stress of the bracket, MPa.

Using response surface analysis method for multi-objective optimization[11, 12], three parameters of angle
iron section height h, section width b, and section thickness t were used as design variables. The range of design
variables is shown in Tab. 1, and the shape of angle iron section is shown in Fig. 9.

Tab. 1 Value range of design variables

Design variable Original value Value range
Section height h/mm 30 [20, 40]
Section width b/mm 30 [20, 40]

section thickness t/mm 2 [1, 3]
= t
b

Fig. 9 Cross section shape of angle iron

In summary, the optimization model for establishing multi-objective optimization problems of angle iron cross-
section is as follows:
T

min F(x) = {F.(x), F, (x), F; (X))
100<h <120

st.135<b<45 3
15<t<25

X =[h,b,t]

3.2 Optimization methods
The Box-Behnken method was selected for this optimization, and 13 sets of design points were generated based
on the optimization method. The calculation was carried out with constraints. The completed data is shown in
Tab. 2.

Tab. 2 Calculation results of optimization design points

Order ?zlr?rw \é\//:gm Thickness /mm m'\:z/slzg Maximum displacement @mz/mm  Maximum stress cia/MPa
1 30 30 2 3.9615 0.2227 38.519
2 20 20 2 2.5939 0.3201 67.915
3 40 20 2 3.9579 0.1302 41.646
4 20 40 2 3.9579 0.4415 115.860
5 40 40 2 5.3255 0.2373 42.716
6 20 30 1 1.6721 1.8578 142.750
7 40 30 1 2.3558 1.2511 103.430
8 20 30 3 4.8093 0.1747 43.704
9 40 30 3 6.8629 0.0680 22,711
10 30 20 1 1.6721 0.8219 106.160
11 30 40 1 2.3541 2.0659 180.980
12 30 20 3 4.8116 0.0982 26.520
13 30 40 3 6.8629 0.1139 21.254

This study uses the Genetic Aggregation algorithm to fit the response surface, and uses the MOGA
(multi-objective genetic) optimization algorithm to solve the optimal parameters of the angle iron cross-section.
During the execution of genetic algorithms, the maximum allowed Pareto percentage is set to 70%. The initial
total number of samples is 3000, and three optimal design points are selected from the optimization results. Fig.
10 shows the optimized response surface of the angle iron cross-section, while Tab. 3 lists the parameters of the
candidate optimal design points.

DOI:10.9790/1813-12093543 www.theijes.com Page 39



Optimization design study on a prototype Simple Solar Panel Bracket

/70 T - 10
s 20 5 200 o /‘//‘I{‘
30 - 20 2 20

00 ’ 2 . 00

hmm)” 35Ty 35 hmm) h(mm) s030 25 (mm) bmm) B 450 P (mm)

(@) h-b-displacement (b) h-t-di'splacement (c) b-t-displacement

80 “ =F 55 _ - — 160 =F  __F=_ 200
|

& < 10
25 50 15
i

= 3 e 30 30 4 30" %
h(mm) 35 40740 % b(mm) h(mm) 35 40050 2% «mm) b(mm) 3 4050 2% fmm)

(d) h-b-stress (e) h-t-stress (f) b-t-stress

T i | 10.‘ in | 10.‘ in |
Iis | 8 3|
i | |

=3
| & ,] ;
| 2 )
= 0 Lo e |
P s 10 9 P s 1.0
30 . 0 = D D 3 = 2
Rmm)™ 35 goTa0 F pmm) hmmy™ 357025 ) by 3T 0025 nmy
(9) h-b-mass (h) h-t-mass (i) b-t-mass

Fig. 10 Response surface

Tab. 3 Candidate Optimal Design Points

Oeder E/erlr?gt \é\//:gm Thickness t/mm m'\r:lilslig Maximum displacement @ms/mm  Maximum stress opa/MPa
1 32.180 21.542 2.0229 3.5704 0.16737 37.780
2 31.993 21.520 2.0352 3.5768 0.16904 37.478
3 31.806 21.692 2.0335 3.5729 0.17077 37.477

By comparing the three candidate points mentioned above, the optimized dimensions are rounded and
the optimized parameters are obtained as follows: the height h of the angle iron section is 32mm, the width b is
21.6mm, and the thickness t is 2mm. The optimized bracket mass is reduced by 35.8kg compared to before
optimization. The parameter change table is shown in Tab. 4.

Tab. 4 Parameter changes before and after optimization

Name Height Width Thickness Mass
h/mm b/mm t/mm m/kg
Original 30 30 2 3.9615
Optimized 32 21.6 2 3.5250
Difference value +2 -8.4 0 0.4365

3.3 Optimization analysis results

Modify the cross-sectional structure of the angle iron according to the rounded dimensions in Tab. 4,
and perform numerical simulations again in Ansys Workbench software. The numerical simulation results of the
optimized bracket are shown in Fig. 11 and Fig. 12. The weight of the optimized solar panel bracket is 3.525kg,
which is 0.4365kg less than before, and the weight reduction rate is 11.02%. Meanwhile, the maximum
displacement of the optimized bracket is 0.1696mm, which is 0.0531mm less than the original bracket. The
maximum stress of the optimized bracket is 36.932MPa, which is 1.5870MPa less than the original bracket.
While achieving lightweight of the bracket, it further improves the overall performance of the bracket.
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Fig. 11 Displacement diagram of the optimized bracket
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Fig. 12 Stress diagram of the optimized bracket

From Fig. 13, it can be seen that the maximum displacement of the optimized support beam is smaller
than the maximum displacement before optimization, and the trend of displacement change of the support beam
before and after optimization is roughly the same. The maximum displacement of the left support beam
decreased from 0.1434mm before optimization to 0.1324mm after optimization, with a displacement change of
0.0110mm. The maximum displacement of the right support beam decreased from 0.1436mm before
optimization to 0.1323mm after optimization, with a displacement change of 0.0113mm. This means that the
maximum displacement of the front and rear crossbeams after optimization decreased by 7.67% and 7.87%,
respectively.

From Fig. 14, it can be seen that the overall stress of the optimized support beam is smaller than that
before optimization, and the trend of stress changes in the support beam before and after optimization is roughly
the same. The maximum stress of the left support beam decreased from 7.506MPa before optimization to
6.279MPa after optimization, with a stress change of 1.227MPa. The maximum stress of the right support beam
decreased from 7.503MPa before optimization to 6.273MPa after optimization, with a stress change of 1.23MPa.
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Fig. 13 Displacement comparison curve of support beam
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Fig. 14 Stress comparison curve of support beam

Based on the above content, it can be concluded that the overall displacement and stress changes of the
optimized bracket are very small. While achieving lightweight bracket, the overall performance of the bracket
has been improved. The comparison of performance parameters of the bracket before and after optimization is
shown in Tab. 5.

Tab. 5 Performance comparison of bracket before and after optimization

Name Original bracket Simplified bracket Optimized bracket
Mmax/Kg 3.9615 3.5250 -0.4365
Omax/MM 0.2227 0.1696 -0.0531
omad MPa 38.519 36.932 -1.587

IV.  Conclusion

As a key load-bearing component of solar panels, the strength research of brackets is crucial for
ensuring the safe and stable operation of solar equipment. This article conducts numerical simulation on the
solar panel bracket and optimizes the design of the angle iron structure that forms the bracket based on the
simulation analysis results. The main conclusions are as follows:

(1) From the displacement and stress cloud maps of the finite element analysis results, it can be seen
that the maximum displacement of the bracket under stress does not exceed 0.25mm, and the maximum stress
does not exceed 40.0MPa. From this, it can be concluded that the solar panel bracket can meet the strength
design requirements and has the possibility of further lightweight. This article can provide lightweight design
for the bracket while ensuring its overall performance and structural strength.

(2) This article uses multi-objective genetic algorithm to optimize the design of the bracket angle iron
structure. The optimized angle iron has a cross-sectional height of 32mm, a cross-sectional thickness of 2mm,
and a cross-sectional width of 21.6mm. After optimization, the overall mass of the stent was 3.5250kg, which
decreased by 0.4365kg compared to before optimization, with a weight reduction rate of 11.02%. At the same
time, the maximum displacement and stress of the newly designed bracket have been reduced. The maximum
displacement of the optimized bracket decreased by 0.0531mm compared to before optimization, and the
maximum stress decreased by 1.587MPa compared to before optimization. While reducing the weight of the
bracket, it improves the overall performance of the bracket.

(3) This article monitors the displacement and stress of the two support beams of the bracket, which
can clearly reflect the structural performance of the support beams. The analysis results will provide valuable
reference for the design of future solar panel brackets.
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