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Study on Main Structure Design and Material Increasing Manufacturing of
Light Load—bearing Thermal Control Satellite
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Abstract In order to meet the requirements of lightweight, high performance and thermal control function of satellite
main structure, this paper studies from the aspects of small satellite cabin structure optimization, load—bearing thermal
control integrated design and stand—alone support structure optimization design, and verified by simulation analysis and
mechanical test. In this paper, the cabin plate of the main structure of the satellite is optimized by using low density lattice
structure, and the cabin plate is directly manufactured as a whole part, which reduces the weight and shortens the
development cycle of the small satellite at the same time. The bearing thermal control integrated design of the laser
reinforced manufacturing satellite cabin plate is carried out, and the thermal control design such as heat pipe is integrated
into the cabin plate to carry out the multidisciplinary optimization design of structural thermal control cooperation. the
number of parts and components is greatly reduced, and the integration and lightweight of structural thermal control function
are realized. The mechanical simulation analysis and experimental verification of the laser reinforced manufacturing
satellite main structure show that the stress of the satellite main structure is less than 140 MPa, and the yield strength of
the laser reinforced aluminum matrix composite is about 410 MPa, which still has a large safety margin, which shows that
the mechanical properties of the satellite main structure can meet the requirements. The research results can achieve the
overall improvement of the performance and functions of the new generation of satellites , such as lightweight, high load

bearing and thermal control , directly promote the progress of satellite structure manufacturing technology , and improve
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economic and social benefits.
Key words

performance , Mechanical and thermal integration
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Fig. 1  Schematic diagram of the main load—bearing structure of

Qiancheng-1 satellite
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Fig. 2 Schematic diagram of traditional satellite cabin plate

structure
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with laser additive manufacturing
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Fig. 4 Integrated satellite structure with load-bearing and

thermal control fabricated by additive manufacturing
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Fig. 5 Typical structural characteristics of satellites fabricated

by additive manufacturing
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figure shows the hidden internal state of the main structure )
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Fig. 10 Schematic diagram of the static test

3.1 xAEEHRK

x J7 [ EZE IR IR AN & 11 7R o i st i A1) 2%
R PGA A SR A5 A5 1) A7 AL B, I K 25dim 2 ol ith
TG TG A R 11 FR .
3.2 yAmEESHRE

y 5 ) FE RS0 W 12 Bir /R o 30 S in A % e

400

0 0.06 0.12 0.18 0.24 0.30

/mm
EI11 x5 ) i K &
Fig. 11 X-directional compression test and data fitting diagram

FHIMEITZ  hitp://www.yhelgy.com 20254F  #8F]1

LA S I A5 ) 57 R K5, I a2 il o 2
TG G RIS RN 12 7R

0 0.07 0.14 0.1 0.28 0.35 042

/mm

B2y J7 1) e A X 0 e R #UL 45 4

Fig. 12 Y-directional compression test and data fitting diagram

3.3 zAEESHRR

277 1) FE 40 4 P 13 B 7R o 10 s it i A 28 e
T2 A AT 2 0 A5 19 57 B8 B50H | 4 5 22 o it £
FERAT LA TG I ZE R 13 R .

0 0.06 0.12 0.18 0.24 0.30

'mm

K13 207 o] R4 B B 405

Fig. 13 Z-directional compression test and data fitting diagram

AR 1 3R = AT 1 i 7 30 56 W 45, 76 500 N
R T, INE AR /N T 0. 3 mm , HLf N0 2800
HTEEEMMEMERENECR. TERKRE
KBEAE/NTF 0. 000 5, 88340 71 /T 35 MPa. Rk %
BRI AL 2 g, WLBT i BT T 5520 2 kN, T
B R GER S AR M 140 MPa, X T30OGH A4 6 15 48
G e A MR8 IR B2 R 410 MPa) 454
WREEMTE
4 Zig

(1) 3638 i s TS 32 295 F i Ml e R AR
R R RS AT R AL R R AR A S — A AR
T A 1, 7 0 0 [R)E 4 JT /N TR A A
Ja .

(2) 3638 b il T3 A0 AR RT DL B S g
BT Rl A H: o AT 25 0 I T R) 1) 2 2 B AR
T, 15 20— R AR R R R b T R A A, S
Sty EEOIRe ) — IRk R Rk

(3) B3 A il i T AL 32 254938 3 T 240 B4y
Br AR5 50, TR S5 N AN 3 140 MPa, Xt
T O3 B ) AR R G AR IR B 2l 410



MPa  AT5A 8R4, W] LA A2 TR X 254 )
FHERERITEARZ5K
Sk

[1] DEBROY T, WEI H L, ZUBACK J S, et al. Additive
manufacturing of metallic components—process, structure and
properties[ J ]. Progress in Materials Science,2018,92:112-224.

(2] AR . P RE S R S50 RO IS A 3 242 PO
FELI]. R AR, 2023,24(2) :17-19

LIN Xin. Study on shape and control of laser additive
manufacturing of high performance metal structures [J]. China
Science and Technology Achievements,2023,24(2):17-19.

(3] 2559 ATy ARt 55 | OGHE b 3 A K &t
Wi ST ). O, 2024 ,51(24) :2402305.

LI Zhiyong, HAN Dongxue, JIAO Shikun, et al. Practice and
prospect of laser additive manufacturing in aerospace field [J].
Chinese Journal of Lasers,2024,51(24) :2402305.

[4] CHUA C, AN J, CHUA C K, et al. Microstructure
control for inoculated high—strength aluminum alloys fabricated
by additive manufacturing: A state—of—the—art review [J].
Progress in Materials Science, 2025,154:101502.

(5] RZ M. SERHE B AR (GE) M HlEsh A )]
B R ,2019,38(4) :410-412.

ZHU Hongkang. General electric corporation (GE) additive
manufacturing dynamics [J]. Materials China, 2019, 38 (4) :
410-412.

[6] ZHANG J,SONG B, WEi Q, et al. A review of selective
laser melting of aluminum alloys: Processing, microstructure,

property and developing trends [J]. Journal of Materials Science

& Technology, 2019,35(2):270-284.

[7] GAO W, ZHANG Y, RAMANUJAN D al. The status,
challenges, and future of additive manufacturing in engineering
[T]. Computer—Aided Design,2015,69:65-89.

(8] 7%, PUAEHE ARG 06, 55 . S I 4 i i) it BEIE
AT AT FEBUARLT ] B AR T.2,2017(10) : 31-35.

WANG Zhen, GONG Weiyan, QI Junfeng, et al. Research status
of design theory and method based on additive manufacturing[J ].
New Technology & New Process,2017(10) : 31-35.

[9] LANGELAAr M. An additive manufacturing filter for
topology optimization of print-ready designs [J]. Structural and
Multidisciplinary Optimization, 2017,55(3) : 871-883.

100 X045 T, 2RI BRSO, 45 . 3 MIC Ak S5 3 47 il i
54—t S G — ATk [T A dilE soR L 2017,
60(10) :26-31.

LIU Shutian, LI Quhao, CHEN Wenjiong, et al. Combining
topological optimization and additive manufacturing: An
integrated design and manufacturing approach [J]. Aeronautical
Manufacturing Technology, 2017, 60(10): 26-31.

[11] XIAO Yakai, CHEN Han, BIAN Zeyu, et al.
Enhancing strength and ductility of AlISilOMg fabricated by
selective laser melting by TiB, nanoparticles [J]. Journal of
Materials Science & Technology,2022(14) :254-266.

[12] XIAO Yakai, BIAN Zeyu, WU Yi, et al. Simultaneously
minimizing residual stress and enhancing strength of selective laser
melted nano-TiB, decorated Al alloy via post—uphill quenching and
ageing[ J ]. Materials Characterization,2021(178): 111242,

FHMETZ  hitp://www.yhclgy.com 20254 341



