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The nano satellite industry has transitioned to low-cost development, driven by private companies and research
organizations in the NewSpace era. Can-Satellite offers a budget-friendly alternative to traditional cube satellite
manufacturing and testing. This study focuses on enhancing the reliability of small satellite designs by analyzing the
vibration stability of PLA plates, the primary structure of a Can-Satellite, produced through Fused Filament Fabrication
(FFF) 3D printing. Quasi-static, modal, and random vibration analyses were conducted using Finite Element Analysis
(FEA) with ANSYS to evaluate stacking directions along the x, y, and z axes and optimize structural stability. The
findings indicate that the y-axis laminated structure exhibits superior vibration endurance, effectively reducing issues
during launch. This research contributes to improving the reliability of Can-Satellites and enhances manufacturing
efficiency for cube and micro-satellite projects. Additionally, it supports the advancement of educational satellites and
domestic small satellite technology.
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(a) The structure of CANSAT
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Fig. 2 The model of the CANSAT
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Fig. 3 The constrain of the CANSAT

Table 1 The material properties of the CANSAT

Properties PLA (45%)  STS316 SS400
Density [kg/m®] 1,240 8,000 7,810
Elastic modulus [MPa] 394 195,000 200,000
Poisson’s ratio 0.36 0.27 0.26
Yield strength [MPa] 17.2 252 245
Tensile strength [MPa] 20.4 565 400
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Table 2 The constrained displacement results of the case 1

Max displacement [mm]

PSD G direction
X axis Y axis Z axis
X direction 2.35 0.40 0.91
Y direction 0.96 2.92 1.21
Z direction 1.16 0.42 2.32
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Table 3 The specified power spectral density for random vibration

Table 4 The modal and random vibration analysis results of the

analysis each case

Frequency [Hz] PSD [g*/Hz] Analysis type Case 1 Case 2 Case 3

20 0.295 1 mode 20.0 55.6 58.6

50-800 1.816 I\E[}"I‘Zi?l 2 mode 20.9 61.6 63.9

2000 0.295 3" mode 23.9 84.4 83.9

Random X axis 17.3 62.3 125
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Fig. 6 The mode shape of the case 3
Table 5 The modal analysis results of the case 3
Mode Frequency [Hz]

1* mode 58.6

2" mode 63.9

3" mode 83.6

4" mode 98.0

5™ mode 115.1

6" mode 124.8
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(a) X direction

(b) Y direction

(¢) Z direction

C: Random Vibration_x
Equivalent Stress

Type: Equivalent Stress
Scale Factor Value: 1 Sigma
Probability: 68.269 %

Unit: MPa
Time:0s

2025-11-02 00 10:57:38

161.92
143.93

125.33 Max

107.95
89.956
71.964
53.973
35.982
17.991

4.7958e-7 Min

D: Random Vibration_y
Equivalent Stress

Type: Equivalent Stress
Scale Factor Value: 1 Sigma
Probability: 68.269 %

Unit: MPa
Time: 0's
2025-11-02 00 11:00:22

161.92
14393

121 Max

89.956
71.964
53.973
35.982
17.991
3.8794e-7 Min

E: Random Vibration_z
Equivalent Stress

Type: Equivalent Stress
Scale Factor Value: 1 Sigma
Probability: 68.269 %

Unit: MPa

Time:0s

2025-11-02 00 10:59:55

161.92 Max
143.93

125.93

107.94

89.953

71.963

53.972

35.981

17.991
4.1158¢-7 Min

Fig. 7 The random vibration analysis results of the case 3

Table 6 The safety margin of the case 3

PSD G direction Equivalent stress M.o.S
X axis 157 MPa 0.605
Y axis 202 MPa 0.248
Z axis 151 MPa 0.669

Fig. 8 The flight model of the 3D printed case 3
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