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In this paper, a newmethod of replacing the conventional honeycomb aluminum panel with 3Dmetal printing on themicrosatellite
is presented. The multiobjective optimization method is used to optimize the temperature difference, compression strength, shear
strength, and weight of the new type of solar panel structure. The relationships between the structural parameters and optimization
targets are established, and the influence of five factors on thermal and structural properties is analyzed. Finally, a group of better
structural parameters of the panel is obtained. The relative deviations between simulation analysis and model are 27.45%, 6.12%,
1.365%, and 3.27%, respectively. The optimization results show that the regression model can be used to predict thermal and
structural properties of the panel, and the establishment of the model is effective. The analysis results show that the
performances can be improved by 91.62%, 46.94%, 17.91%, and 10.28%, respectively. The optimized results are used for 3D
metal printing, and the new type of solar panel is obtained. It is proved that the method can effectively improve the thermal and
structural properties of the panel and can effectively shorten the development and manufacture cycle of the panel and also
reduce the cost. It has high engineering application value.

1. Introduction

A solar array is very important in spacecraft because it can
convert solar energy into electric power and ensure the con-
tinuous operation of spacecraft [1, 2]. Its main structure is
usually made by aluminum honeycomb plates owing to their
low density, controllable strength and stiffness, and energy
absorption [3–5]. Aluminum honeycomb plates have been
widely used in aerospace, train, vehicle, and communication
fields [6, 7]. They are used in the solar array [2, 8, 9], struc-
tural support [8, 10–12], and energy dissipation because they
can undertake load, absorbing impact kinetic energy, radio
waves, and thermal conversions [4, 5, 13–15].

The honeycomb aluminum plate is a sandwich structure
that consists of upper and lower layers consisting of thin
sheets and a lightweight aluminum honeycomb in the
middle. The thin sheets are commonly made of aluminum
or composite material [12, 16]. Owing to its composite struc-
ture, a honeycomb aluminum plate has poor thermal
conductivity properties when exposed to the sun in space,
which can cause a serious temperature change in the solar

cell, resulting in heat not being released in time and therefore
a decrease in power generation efficiency [17]. Thermal con-
trol is crucial in solar panels, and many studies to effectively
control their temperature within a permissible range have
been conducted. Thornton and Kim [18] and Chung and
Thornton [19] studied the thermal response of solar arrays
via numerical simulation when the day and night tempera-
ture alternated and provided the temperature change results.
Ding et al. [20] proposed a method that combined time and
temperature fields to analyze the thermal conduction condi-
tion of a solar array structure, and the method was proved to
be effective for describing thermal nonlinearity. Yang et al.
[21] utilized an equivalent conductivity method, which con-
siders all the factors that can cause a temperature change,
to calculate the temperature changes of foldable solar arrays;
their findings could inform the selection of a suitable launch
time. Li et al. [22] established a simplified model method to
analyze the temperature change for a rigid solar array when
the spacecraft was in a low earth orbit via a numerical simu-
lation, and the result showed that the method could describe
the change tendency of the temperature field. Li et al. [23]
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proposed a new thermal model for a composite solar array
that was in orbit heat flux, and the analysis results showed
that the model could be used to predict the temperature dis-
tribution of the whole solar array.

The honeycomb aluminum plate cannot be directly used
in the panel or satellite structure, and it is necessary to add
inserts in its interior. As the inserts directly determine the
mechanical properties of the honeycomb aluminum plate,
they are a critical component of the honeycomb aluminum
plate [24–31]. When inserts are added to the honeycomb
aluminum plate, local stress concentration will increase and
cause damage to the structure. This damage usually starts
with the debonding of the insert structure from the honey-
comb aluminum plate, resulting in breakage of the honey-
comb core and destruction of the honeycomb aluminum
plate [32]. Therefore, studying and solving the change in
the properties of a honeycomb aluminum plate due to the
addition of inserts is meaningful for the application of honey-
comb aluminum plates.

Burchardt [33] studied the fatigue performance of a
sandwich structure with inserts via a fatigue test and simula-
tion, and the results showed that the stiffness of the insert
material had no influence on fatigue crack propagation.
Demelio et al. [34] investigated the fatigue behavior of a
honeycomb structure that was subjected to bending, com-
pression, and shear loads by static and fatigue tests and found
that the final failure was due to the compression of the
surface layer in the loading area under the action of static
load and that the failure was caused by the debonding of
the surface layer and the core under the action of the fatigue
load. Bozhevolnaya and Lyckegaard [28] proposed a new
core insert structure design, whose design parameters were
studied with the help of a finite element model. The result
showed that the design could greatly reduce the level of dam-
age to the local effect in the face. Cao and Grenestedt [35]
evaluated two types of joints under bending and shear loads,
and the test results showed that the two types of joints had
excellent strength that was close to the strength of the com-
posite sandwich reference sample. Toftegaard and Lystrup
[36] developed a finite element parameter method to select
a stronger T-joint, and the results, which were verified by
simulation and tests, showed that the proposed method could
improve the strength and decrease the weight of the T-joint.

The thermal conductivity performance of the honeycomb
aluminum plate is poor, and the structure must be
pre-embedded to ensure the strength of the installation.
The honeycomb aluminum plate is usually purchased from
a factory. Generally, it cannot be produced directly by the sat-
ellite development unit, which will lengthen the cycle of the
plate manufacturing. In addition, the aluminum alloy plate
is used directly, or the solar cell is attached to the circuit
board as the solar panel on CubeSat [37, 38]; however, the
thermal conductivity and structural strength of the panel
are poor, and the weight will be overweight, which will
directly affect the life of the solar cell and the power genera-
tion efficiency. The thickness of honeycomb aluminum used
for solar panels on large satellites is 6–30mm [39], with a
weight of 4-5 kg/m2. Furthermore, the cost of the panel is
very high and cannot meet requirements as the cost of a

microsatellite is several million yuan. Therefore, it is urgent
to develop a new type of solar panel. A board structure may
be used to solve the highlighted shortcomings of a honey-
comb aluminum plate.

In this paper, a newmethod of replacing the conventional
honeycomb aluminum panel with 3D metal printing on the
microsatellite is presented. The multiobjective optimization
method is used to optimize the compression strength, shear
strength, comprehensive temperature difference, and weight
of a new type of solar panel structure. The relationships
between the structural parameters of the panel and the opti-
mization targets are established, and the influence of the five
factors (the distance between the I-shaped beam and the end
of the two layers of aluminum substrate A, the width of
the I-shaped beam d, the thickness of the upper and lower
two layers of the aluminum substrate t, the number of
I-shaped beams n, and the thickness of the new type of
solar panel z, respectively) on temperature difference,
compression strength, shear strength, and weight are ana-
lyzed. The optimized results are used for 3D metal print-
ing, and a new type of solar panel structure is obtained.
It is proved that the presented method can effectively
improve the temperature difference, compressive strength,
shear strength, and weight reduction of the panel. At the
same time, it can effectively shorten the development and
manufacture cycle of the panel and also reduce its cost.
It has a high engineering application value.

2. Solar Panel Structure

2.1. Solar Panel Structure of Internet of Thing (IOT) Satellite.
Owing to the tight supply of electricity in an IOT satellite, it is
necessary to add a solar array drive assembly (Sada) system to
the satellite to track the orientation of the solar panels to the
sun. The structures of the satellite and panel are shown in
Figure 1. The symmetrical layout of the satellite has two sets
of Sada systems with a total of eight solar panels, each of
which is 400 × 375mm2, and the solar cell with a total area
of 1.2m2, which can guarantee a long-term supply of 170W
power for the satellite.

If the honeycomb aluminum plate with a thickness of
6mm is used, the thermal conductivity performance is poor,
as the temperature of the solar cell will rise to 60–80°C after
the sun’s long-term irradiation, and the power generation
efficiency will decrease by 30–50%, which will lead to insuffi-
ciency of the power generation efficiency of the panel. As a
result, the satellite will not function normally. The connec-
tion, installation, and fixing of solar panels requires the use
of several holes. It is necessary to insert structural parts on
the honeycomb aluminum plate. The local stress concentra-
tion will affect the structural strength of the panel and will
also increase the weight of the plate. The total weight of the
panel is estimated as 5 kg. The new type of solar panel
achieved with 3D metal printing can enhance thermal con-
ductivity performance and strength and has a lower weight.
The 3D printing method has been used in many fields, as it
can effectively improve volume utilization and weight reduc-
tion and reduce the cost [38–43]. An analysis of the temper-
ature difference, compressive strength, shear strength, and
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weight of the 100 × 100 × 6mm3 panel was carried out. The
parameters of the new type of solar panel structure were used
as optimization factors to optimize the structure.

2.2. The New Type of Solar Panel Structure. According to the
analysis in section Solar Panel Structure of Internet of Thing
(IOT) Satellite of the honeycomb aluminum plate and the
special requirements of the thermal control of the panel, a
new I-shaped beam, which is directly connected to the two
layers of aluminum substrate, is proposed in this paper. Its
basic structure is shown in Figure 2.

The structure of the new type of solar panel structure is
mainly determined by seven parameters, and B can be deter-
mined by

B = x − 2A − nd
n − 1 , 1

where x = y = 100mm,A is the distance between the I-shaped
beam and the end of the two layers of aluminum substrate, B
is the distance between the two I-shaped beams, d is the
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Figure 1: Satellite and solar panel structure: (a) unfolding state, (b) folding state, and (c) solar panel structure.
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Figure 2: A new type solar panel.
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width of the I-shaped beam, t is the thickness of the upper
and lower two layers of the aluminum substrate, and n is
the number of I-shaped beams.

According to these parameters, the weight of the new
type of solar panel can be determined; it is expressed as

mn = ρ1 2txy + ndy z − 2t
= ρ1 xyz − 2Ay z − 2t − n − 1 By z − 2t ,

2

where ρ1 is the density of aluminum alloy and z is the thick-
ness of the new type of solar panel.

3. Performance Analysis of the Solar Panel

3.1. Mechanical Property Measurements. The performance
simulation analysis of the panel structure requires the
mechanical properties of the 3D printing material. Therefore,
the mechanical properties of the two directions of the 3D
printing material need to be obtained. The related introduc-
tion to 3D printing is shown in Table 1. The printing process,
printing direction, and size of the sample can be found in the
literature [43]. The print direction of samples is shown in
Figure 3. As the mechanical parameters of the two directions
are close, we take their means as the input parameters of the
simulation analysis. The material performance parameters in
the finite element software are shown in Table 2.

3.2. Performance Analysis of Honeycomb Aluminum Plate. A
conventional honeycomb core uses a regular hexagon, and
the length of the honeycomb core is l = 2mm, the thickness
of the wall is δ/2 = 0 05mm [44], the thickness of the
junction of the two units is δ, and the depth is h = 6 mm. In
general, the upper and lower plates of a honeycomb alumi-
num plate are made of a composite material [28], which
makes the comprehensive temperature difference of the
honeycomb aluminum plates poor. Therefore, the upper
and lower two layers of the honeycomb aluminum plate dis-
cussed in this paper were also made of a composite material
with a thickness of 1mm [45] and are shown in Figure 4,
where x, y, and z are 100mm, 100mm, 6mm, respectively.
The material performance of the core and upper and lower
plates are shown in Table 3.

According to Figure 4, the weight of the honeycomb
aluminum plate can be obtained.

mh = ρ1 6 x/2 sin θ y/ l + 2 cos θ z − 2 δ + δ2ctanθ t

+ 2ρ2xy z − 5 t,
3

where ρ2 is the density of the composite material.
For solar panels, the thermal conductivity performance

[9], compression strength [7], shear strength [27], and weight
of the panels are important. The temperature difference,
compression strength, shear strength, and weight were lower,
and the temperature difference, strength, and weight of the
structure were better; hence, the performance of the honey-
comb aluminum plate should be investigated comprehen-
sively. The model of the honeycomb aluminum plate is
shown in Figures 5 and 6, when the on-orbit temperature
range of –70–40°C, the surface pressure of 10MPa, and the
concentrated force of 100N are analyzed in the AutoCAD
integrated Sinda thermal analysis software and the Abaqus
finite element software, respectively. The grid size is 5mm,
and the analysis results are shown in Figure 7 and Table 4.

It can be seen from the analysis results that the tempera-
ture difference, compressive strength, shear strength, and
weight of the honeycomb aluminum plate are not ideal, espe-
cially temperature difference. Because the upper and lower
two layers are made out of composite material, which has a
poor thermal conductivity, and bonding exists between the
composite plate and the honeycomb core, contact thermal
resistance will be large. The honeycomb core has a hexagonal
shape; moreover, the thickness of the wall is low, and the
contact area of the upper and lower upper and lower
plates is small. In the presence of direct solar radiation,
these features will increase the temperature of the compos-
ite plate. As the heat cannot be transmitted to the honey-
comb core and radiated out of the plate in time, the
temperature difference between the upper and lower two
layers of the composite plate will increase, increasing the
temperature of the solar cell array, which will affect the
generating efficiency of the solar cells.

According to the analysis of the honeycomb aluminum
plate, the two layers of composite material on the honey-
comb core can enhance the compressive strength and

Table 1: Related introduction of selective laser melting (SLM) 3D
printing.

Content Parameter

Material AA5024

Powder size 15–53 μm

SLM equipment BLT-S310

Temperature 400–600° C

Layer height 0.03mm

Laser type 500W fiber laser

Heat treatment 280-290°C, holding time 2 h

Print direction

Print direction

Figure 3: The print direction of samples.
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shear strength of the plate and reduce its weight; however,
the poor thermal conductivity performance of the compos-
ite material will result in poor thermal conductivity perfor-
mance of the honeycomb aluminum plate. If the structure
of the composite plate is changed to that of the new type
of solar panel structure with aluminum alloy material, the
compressive strength, shear strength, and weight reduction
will be enhanced while maintaining the structure’s thermal
conductivity performance.

3.3. Performance Analysis of the New Type of Solar Panel.
According to the size of the initial honeycomb aluminum
plate, the initial structural parameters of the new type of
solar panel are A = 1mm, d = 0 5mm, z = 6mm, t = 0 5mm,
and n = 56. Then, according to Equations (1) and (2), B =
1 27mm and mn = 67 2 g. The temperature difference,
compressive strength, and shear strength of the new type

Table 2: Material properties.

Material
Density
(kg/m3)

Young’s modulus
(GPa)

Poisson
ratio

Yield strength
(MPa)

Tensile strength
(MPa)

Thermal conductivity
(W/mK)

Heat capacity
(J/kgK)

AA5024 2650 79 0.31 450 510 127 845

𝜃

𝛿

h

l

(a)

z

y

x

(b)

Figure 4: The honeycomb aluminum plate: (a) the size of hexagon honeycomb aluminum and (b) the size of the honeycomb aluminum plate.

Table 3: Material properties.

Material
Density
(kg/m3)

Young’s modulus
(GPa)

Poisson
ratio

Yield strength
(MPa)

Tensile strength
(MPa)

Thermal conductivity
(W/mK)

Heat capacity
(J/kgK)

Composite
material [4, 7]

1540 130 0.28 / / 17 710

6061-T6 [46] 2700 73.1 0.33 280 300 120 850

P

Figure 5: Surface pressure 10MPa.

F

F

Figure 6: Concentrated force 100N.
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of solar panel can be obtained, and they are shown in
Figure 8 and Table 5.

From the initial performance analysis, it can be seen that
the temperature difference, compression strength, and shear
strength of the new type of solar panel are better than those
of the conventional honeycomb aluminum plate, but the
weight is 34.4% higher than that of the conventional honey-
comb aluminum plate. To improve the performance of the

new type of solar panel, the parameters of the panel structure
must be optimized.

4. Optimization of the New Type of Solar
Panel Structure

4.1. Determination of the Optimization Target. The results of
the performance analysis of the third section of the honey-
comb aluminum plate and the new type of solar panel indi-
cate that the temperature difference and strength of the
panel improve after changing the structure of the panel. If
the performance of the new type of solar panel is better than
that of the honeycomb aluminum plate, the temperature dif-
ference, compression strength, shear strength, and weight
have to be adjusted. It can be seen from the analysis results
in Tables 4 and 5 that the compressive strength and shear

Node
>30.78087
30.78087
30.26359
29.7463
29.22901
28.71172
28.19443
27.67715
27.15986
26.64257
26.12528
25.60799
25.60799
24.57342
24.05613
23.53884
23.02155
<23.02155

Temperature (C), Time = 0 sec

(a) (b)

(c)

Figure 7: Performance analysis of honeycomb aluminum plate: (a) temperature difference, (b) compression strength, and (c) shear strength.

Table 4: Performance analysis results of the honeycomb aluminum
plate.

Temperature
difference (°C)

Compression
strength (MPa)

Shear strength
(MPa)

Weight
(g)

7.76 63.72 260.4 45
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strength should be further improved. Because of its structure,
the different I-shaped beam’s thermal conductivity perfor-
mance changes only slightly. Because the composite mate-
rial and honeycomb core are bonded by an adhesive, the
weight of the honeycomb aluminum plate should be 50 g,
and the new type of solar panel should be improved to
some extent compared to the honeycomb aluminum plate.
Based on the above analysis, the optimization target of
various performance indexes of the new type of solar
panel can be seen in Table 6.

According to the relationship between optimization
parameters and optimization targets, the optimization equa-
tion can be expressed as

T A, n, d, t, z = T − 0 55 = 0,
σ A, n, d, t, z = σ − 30 = 0,
τ A, n, d, t, z = τ − 200 = 0,
m A, n, d, t, z =m − 46 = 0

4

4.2. Optimization Process of Panel Performance. For microsa-
tellites, an increase in the volume of the panel leads to an
increase in the volume of the satellite. Generally, the solar
panel thickness of the microsatellites is 3mm. Because of
the structure of the I-shaped beam, the excess material in

Node>27.3037
27.3037
27.2619
27.22
27.1782
27.1364
27.0946
27.0527
27.0109
26.9691
26.9273
26.8854
26.8436
26.8018
26.76
26.7181
26.6763
<26.6763

Temperature (C), Time = 0 sec

(a) (b)

(c)

Figure 8: Performance analysis of the new type solar panel: (a) temperature difference, (b) compression strength, and (c) shear strength.

Table 5: Performance analysis results of the new type of solar panel.

Temperature
difference (°C)

Compression
strength (MPa)

Shear strength
(MPa)

Weight
(g)

0.63 61.32 209.4 67.2
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the middle will be removed, and the thickness should be
increased, so the limit of the thickness z of the solar panel
is in the range 3.5–7mm. The size d of the panel directly
affects the thermal conductivity performance and structural
strength of the solar panel, and the accuracy of the 3D alumi-
num alloy printing can be guaranteed at 0.1mm; therefore,
the ranges of d and t are each determined as 0.15–0.5mm.
The number of I-shaped beams will also directly affect the
temperature difference and structural strength of the solar
panel, as it can increase both the strength and weight of the
panel; therefore, the number n is determined to be in the
range 50–120, and the range of A is 0.2–1.6mm according
to the above parameters.

In general, the uniform test requires less test times and
can greatly improve the optimization efficiency [43]. There-
fore, this optimization method was also selected in this study.
According to the range of the above five parameters, the
parameter-level table of the uniform test is shown in
Table 7. The parameters of these eight tests are input into
the Sinda and Abaqus software, and the results of tempera-
ture difference, strength, and weight can be obtained, as
shown in Table 8.

The result of the uniform test is to use the linear regres-
sion equation to describe the correlation between the param-
eters and the optimization targets. According to the
simulation analysis and calculation results listed in Table 8,
the regression model of the five parameters and the temper-
ature difference, compressive strength, shear strength, and
weight of the solar panel are established. The multiple R
values of the fitting results for temperature, difference perfor-
mance, strength, and weight are 0.966, 0.983, 0.981, and
0.987, respectively, and it indicates that the linear regression
model is reasonable. The regression equations are

T = 1 17 − 3 964 × 10−3n − 1 149d − 0 042A
+ 0 136z − 0 441t,

5

σ = 290 734 − 1 106n − 419 343d + 92 592A
+ 5 887z − 134 628t,

6

τ = 1024 577 + 1 493n − 582 067d + 37 354A
− 24 264z − 1224 748t,

7

m = −91 835 + 0 446n + 112 773d − 1 473A
+ 9 972z + 60 708t

8

In order to better determine the optimization results of
the five parameters, we analyzed the impact of each parame-
ter on the target value. In general, the smaller the p value, the
greater the impact on the target value, and the greater the
impact of the change in the target value. In general, the
p value is less than 0.05. The p value analysis results of
temperature difference, compressive strength, shear strength,
and weight are shown in Table 9.

From Table 9, the order of influence of the five param-
eters on the target values T , σ, τ, and m can be obtained.
The order of influence was d > A > n > t > z, t > d > n >
z > A, z > d > n > t > A, and d > z > n > t > A, respec-
tively. The n and d values have the most significant effects on

Table 6: Optimization target of the new type of solar panel.

Performance Honeycomb aluminum plate New type of solar panel Optimization target

T (temperature difference) 7.76°C 0.63°C 0.55°C

σ (compression stress) 63.72MPa 61.32MPa 30MPa

τ (shear strength) 260.4MPa 209.4MPa 200MPa

m (weight) 50 g 67.2 g 46 g

Table 7: Parameter-level table of the uniform test.

No. n d (mm) A (mm) z (mm) t (mm)

1 50 0.15 0.2 3.5 0.15

2 60 0.2 0.4 4 0.2

3 70 0.25 0.6 4.5 0.25

4 80 0.3 0.8 5 0.3

5 90 0.35 1 5.5 0.35

6 100 0.4 1.2 6 0.4

7 110 0.45 1.4 6.5 0.45

8 120 0.5 1.6 7 0.5

Table 8: Simulation and calculation results of the uniform test.

No. n d A z t T (°C) σ (MPa) τ (MPa) m (g)

1 4 8 3 1 5 0.6 37.99 391.2 50.96

2 1 4 5 3 8 0.95 145.7 211.9 42.7

3 8 3 6 2 3 0.85 123.9 654.6 43.4

4 3 7 7 6 2 1.05 157.1 520.1 60.592

5 7 6 4 8 7 1 50.56 256.2 98.784

6 2 2 2 7 4 1.5 165.9 477.1 36.624

7 6 5 1 4 1 0.9 76.85 692 54.46

8 5 1 8 5 6 1.1 289.3 561.1 40.166

Table 9: The analysis results of the p value for T , σ, τ, and m.

Factor p value for T p value for σ p value for τ p value for m

n 0.115 0.218 0.262 0.043

d 0.061 0.079 0.095 0.027

A 0.635 0.1 0.526 0.789

z 0.0419 0.67 0.326 0.033

t 0.285 0.407 0.025 0.091
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weight, and the effects on σ, τ, and T are not significant.
Hence, the n and d values should be as small as possible.
The value of A has no significant effect on σ, τ, T , and m;
therefore, the value of A is moderate. The z value has signif-
icant effects on m and T , while the z value has a more signif-
icant effect on m and has a small effect on σ and τ;
therefore, the z value should be selected to be as small
as possible. The t value has the most significant effect on

τ, and its effect on σ, T , and m is not significant; there-
fore, the t value should be large enough.

The optimization processes of T , σ, τ, and m are imple-
mented with 1stOpt software. When the expression in Equa-
tion (4) is optimized to the target value 0 and the
optimization ends, the values of each parameter can be
obtained. The optimization process, calculation results, and
optimization results are shown in Figure 9. According to an
analysis of the five parameter value results, the final values
of the five parameters are selected. They are listed in Table 10.
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Figure 9: Optimization process, optimization results, and calculation results for (a) temperature difference, (b) compression strength, (c)
shear strength, and (d) weight.

Table 10: Optimization and final structure parameters of the new
type of solar panel.

Factor Optimization value Final value

n 55.136 55

d 0.445mm 0.44mm

A 0.315mm 0.32mm

z 3.521mm 3.52mm

t 0.469mm 0.47mm

Table 11: Performance comparison of the new type of solar panel
between calculation and simulation.

Performance Calculation Simulation

T (temperature difference) 0.65 0.51

σ (compression stress) 33.81 31.87

τ (shear strength) 213.76 210.9

m (weight) 44.86 43.44
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5. Results Analysis and Test Verification

The optimization results listed in Table 11 were used to
establish a new type of solar panel model. The simulation
results of temperature difference, compression strength,
and shear strength are shown in Figure 10. By inputting
the final values of the five parameters into Equations (5),
(6), (7), and (8), the results of the regression model were
obtained. The regression model calculation and simulation
results of the temperature difference, compression
strength, and shear strength of the new type of solar panel
are shown in Table 11, and the weight of the model is
43.44 g.

In order to evaluate the accuracy of the regression model,
the deviation between the calculated values of the regression
model and the simulation results and the deviation between

the simulation results and the target values can be expressed
as

ei =
Ci − Si
Si

× 100%,

δi =
Ci − Ti

Ti
× 100%,

9

where i represents the optimization targets T , σ, τ, and m; C
is the calculation result, S is the simulation result, and T is the
target value.

The analysis results of the relative deviations are listed in
Table 12, and the results of the regression model and the sim-
ulation result for temperature difference, strength, and
weight are 15%, 6.12%, 1.365%, and 3.27%, respectively.

Node>30.3696
30.3696
30.3356
30.3015
30.2674
30.2334
30.1993
30.1653
30.1312
30.0972
30.0631
30.0291
29.995
26.961
29.9269
29.8929
29.8588
<29.8588

Temperature (C), Time = 0 sec

(a) (b)

(c)

Figure 10: Performance analysis of the new type of solar panel after optimization (a) temperature difference, (b) compression strength, and
(c) shear strength.
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The deviations between the calculated results and the target
value are 9.09%, 12.7%, 6.88%, and 2.48%, respectively. The
results show that the regression model prediction can be used
to predict the performance of the new type of solar panel.

Because of the structural features of the honeycomb alu-
minum plate, mounting holes cannot be drilled into it. The
inserts must be added to the plate, and the mounting holes
are drilled into the inserts, which are then fixed on the plate.
The optimized new type of solar panel is not equipped with
holes. In order to save the inserts, the mounting holes are
directly printed onto the new type of solar panel, and the
model structure of the 3D printing solar panel is shown in
Figure 11. The print direction and support structure of the
new type of solar panel are shown in Figure 12. Generally,
the support structure should be printed on the structure in
the printing process, which ensures the stability of the print-
ing structure, and the support structure will be cut by wire
cutting after printing. The postprocessing steps for the new
type of solar panel are obtained from the literature [43].
The pictures of the new type of solar panel after processing
are shown in Figure 13.

The performance of the new type of solar panel relative to
the performance of the honeycomb aluminum plate can be
expressed as

λi =
Ci −Hi

Hi
× 100%, 10

where H is the performance of the honeycomb aluminum
plate.

The analysis results of the relative deviations λi are
shown in Table 13. It can be seen from Table 13 that the tem-
perature difference, compressive strength, shear strength,
and weight of the new type of solar panel are better than
those of the honeycomb aluminum plate. The temperature
difference is 91.62% higher than that of the honeycomb alu-
minum plate; that is to say, the temperature rise of the solar
cell is not considerable when the new type of solar panel is
exposed to direct sun radiation; thus, the efficiency of the
solar panel will be higher than that of the aluminum honey-
comb plate. For the same load, the compressive strength and

Table 12: The analysis results of the relative deviation ei and δi.

Performance Target Calculation results Simulation results ei δi
T (temperature difference) 0.55 0.65 0.51 27.45% 18.18%

σ (compression stress) 30 33.81 31.86 6.12% 12.7%

τ (shear strength) 200 213.76 210.9 1.37% 6.88%

m (weight) 46 44.86 43.44 3.27% 2.48%

No mounting hole
Mounting holes

Figure 11: The new type of solar with mounting holes.

Print direction Support structure

After cutting 
support structure

Figure 12: The print direction of the new type of solar panel and after cutting the support structure.
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shear strength increased by 46.94% and 17.91%, respectively,
indicating that the strength of the new type of solar panel
structure was higher than that of the honeycomb aluminum
plate. The weight was also 10.28% lower than that of the hon-
eycomb aluminum, which is very significant for a large-scale
panel satellite.

6. Discussion

As the honeycomb aluminum panels are all made of compos-
ite materials, the honeycomb aluminum core should be glued
together with other components after the manufacturing of
the honeycomb aluminum core. If the honeycomb aluminum
plate is not made of composite material and aluminum alloy
substrate is used instead, the connection between the upper
and lower substrate and the aluminum honeycomb core
should be welded. These two processes are rather tedious,
with shortcomings that will affect the overall performance
of the honeycomb aluminum plate. At the same time, the
conventional honeycomb aluminum plate has a relatively
long manufacturing cycle.

The installation of the honeycomb aluminum plate
requires inserts, and the holes or threaded holes can be added
on them. This kind of pre-embedding process is difficult to
master, and it should be carried out during honeycomb

aluminum manufacturing, which greatly limits the popular-
ity of the honeycomb aluminum plate.

The temperature difference, pressure strength, shear
strength, and weight of the honeycomb aluminum panels
for space use are high. Therefore, the requirements for the
composite and aluminum alloy materials used are high, and
the process of making honeycomb aluminum plates is very
long, which increases the cost of manufacturing honeycomb
aluminum plates: in general, the cost of honeycomb alumi-
num plates is more than 150000 US dollars for 1m2. The
cycle of production of honeycomb aluminum plates is usu-
ally two months, and the period of developing new alumi-
num honeycomb panels is longer. If the insert’s structure
is added to the plates, the production and development
cycle will increase.

The use of the new type of solar panel can effectively
overcome the manufacturing limitations and reduce the costs
associated with honeycomb aluminum plates. For the new
type of solar panel structure, optimizations are made depend-
ing on the required performance according to specified
needs. Furthermore, the installation holes are only created
in the position that needs to be installed, and the structure
can meet performance requirements after printing. In addi-
tion, the overall consistency of the structure is better. It only
takes 1.5 days to print 100 × 100 × 3 52mm3 of the new type
of solar panel and only 40 days to print 1m2, which can
greatly shorten the development and manufacturing cycle.
Moreover, 3D printing can use AA5024 aluminum alloy,
which has a better performance than ordinary aluminum
and a strength that is 100% higher than that of ordinary alu-
minum alloy. The cost of printing a 100 × 100 × 3 52mm3

panel is 570 US dollars, while the cost of printing 1m2 of
the new type of solar panel is only 57000 US dollars, which
can greatly reduce the cost of manufacturing. These advan-
tages increase the engineering application value of the new
type of solar panel.

7. Conclusions

(1) This paper presents a new method that replaces the
conventional aluminum honeycomb panel with a
new type of 3D metal printing structure for micro-
satellites that can address the manufacturing limi-
tations and costs of a conventional aluminum
honeycomb plate

(2) The multiobjective optimization method is used to
optimize the temperature difference, compression
strength, shear strength, and weight of the new type
of solar panel structure. The relationships between
the structural parameters of the panel and the
optimal targets are established. Furthermore, the
influence of the five factors on optimal targets are
analyzed, and a group of better structural parameters
are optimized

(3) The optimization results are verified via simulation
and experiment. The results show that the deviations
between the calculated results and the simulation

Table 13: The analysis results of the relative deviation λi.

Performance
Honeycomb

aluminum plate
New type of
solar panel

λi

T (temperature
difference)

7.76 0.65 91.62%

σ (compression
stress)

63.72 33.81 46.94%

τ (shear strength) 260.4 213.76 17.91%

m (weight) 50 44.86 10.28%

Figure 13: 3D metal printing of the new type of solar panel after
processing.
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result are 27.45%, 6.12%, 1.365%, and 3.27%, respec-
tively, and the deviation between the calculated
results and the target value are 18.18%, 12.7%,
6.88%, and 2.48%, respectively. The optimized new
type of solar panel structure is used for 3D printing,
and the results show that compared with the conven-
tional honeycomb aluminum plate, the temperature
difference, compression strength, shear strength,
and weight are increased by 91.62%, 46.94%,
17.91%, and 10.28%, respectively. It is proved that
this method can effectively improve temperature
difference, compression strength, shear strength,
and weight reduction of the solar panel. At the
same time, this method can effectively shorten the
development and manufacture cycle of the solar
panel and also reduce the cost. It has high engineer-
ing application value
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