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Comparative Study of Satellite Performance Based on the
Large Satellite Main Structure

Dong-Geon Kim*, Min-Joo Kwak™, Hyun-Cheol Shin*, Hyun-Soo Kim*,
Kyung-Rae Koo™', Jae-Wook Pak™*, Su-bin Jang™*

ABSTRACT: With the increasing global demand for satellites for various missions, including communications,
observation, and military security, the development of next-generation high-performance large satellites—which are
increasing in size and weight—is essential to perform high-performance missions. For large satellites, the development
of structures incorporating advanced design and manufacturing technologies is required to ensure structural safety in
launch environments, as their shape and weight increase compared to other satellites. In this paper, after assuming the
shape and weight of a large satellite, a comparative analysis of manufacturability and structural performance was
conducted based on four structural configurations primarily applied as the main structures of the satellite system.
When flat panels, which offer excellent manufacturability, are applied as the main structures, optimization of the load
transfer path from the launch vehicle is required. Furthermore, a central cylindrical structure, which ensures
continuity at the connection point between the satellite and the launch vehicle, can effectively enhance the structural
performance of large satellites. Among them, it is believed that if the design and manufacturing technologies for main
structures utilizing composite lattice structures are advanced and applied to next-generation high-performance large
satellites, the structural performance of large satellite bodies can be secured very efficiently.
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Table 1. Large Satellite Mass Budget Assumption

Component Mass Fraction @ Mass

Dry Mass [%] [kg]

Structure 20 380

Thermal Control 5 95

Electrical Component 15 285

BUS

Attitude Control 10 190

Propulsion System 5 95

ETC 10 190

Payload N/A 35 665

Table 2. Large Satellite Structure Design Assumption

Component Material / Mass Characteristic
Ring AL 7075 Launch Vehicle
Adapter /30kg Interface :47 inch

Panel |CFRP Sandwich| Skin thickness 0.5mm,

Structure /190 kg Core thickness 38.1 mm
Structure . N
rame Thickness 5mm
Structure /30 kg
Main Parametric Study Target
Structure (< 130 kg)

(1) Monocoque Type (2) Shear Wall Type

(3) Central Cylinder Type (4) Central Lattice Type

Fig. 4. Satellite Main Structure Design Concept
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Table 3. Characteristic of Main Structure

Main Manufacturing Process Man.ufacturing Weight Se.lt‘ellit‘e Application Heritage
Structure Difficulty Efficient Utilization
(1) Monocoque Type Lay-up Easy Good Very Good K gﬁé&?éﬁies
(2) Shear Wall Type Lay-up Easy Good Very Good Ii gggjtsseer:::s
(3) Central Cylinder Type (Using Cyll;jl};rllirc)al Mould) Moderate Very Good Good SE;::eSlE?lrs 1(())(())(()) SSeriizss
(4) Central Lattice Type (Using Spe\c/\i’i?fll"i)r;gl & Mould) Hard Very Good Good N/A
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Fig. 5. Lattice Structure Design Parameter

Table 4. Design Result of Lattice Structure

Large Cylindrical
Lattice Structure
Diameter [mm] 1,194
Height [mm] 3,000
Width of Rib [mm)] 20
Thickness of Rib [mm)] 10
Numbers of Helical Ribs 10
Numbers of Hoop Ribs 28
Angle of Helical [deg] 55
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Table 5. Analysis Result of Parametric Study

Main Structure Design st st
Structure Analysis 8 Main Structure (Satellite Wet Mass ! Fljequency ! Fljequency
Type Case Core Thickness |Sheet Ply No. Mass [kg] (k] (Satellite System) | (Satellite System)
P [inch] [EA] 8 g [Lateral, Hz] [Axial, Hz
(#1) #1-1 - 0 1857.8 445 13.56
Monocoque #1-2 3 10 50 1907.8 4.43 1341
Type #1-3 3 10 100 1957.8 441 13.50
#2-1 3 6 123.7 1981.5 9.23 27.54
o * 2\)/\, ; #2 15 5 1315 1989.3 9.72 31.90
ear Wa
Type #2-3 2 5 122.9 1980.7 9.38 28.15
#2-4 1 5 131.8 1989.6 11.32 34.63
(#3) #3-1 2 5 100.6 1958.4 11.16 27.48
Central Cylinder #3-2 2 5 123.6 1981.4 11.14 28.52
Type #3-3 2 5 136.4 1994.2 11.70 31.82
(#4) #4-1 94.6 1952.4 16.56 27.68
Rib Thick Rib Width
Central Lattice #42 1 Lhickness ) Rb W 117.3 1975.1 16.35 28.65
10mm 10mm
Type #4-3 130.5 1988.3 18.31 32.37

(#1 - Lateral Mode Shape) (#1 - Axial Mode Shape) (#2 - Lateral Mode Shape) (#2 - Axial Mode Shape)

Fig. 20. Mode Shape of Monocoque Type Structure Fig. 21. Mode Shape of Shear-Wall Type Structure
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(#4 - Lateral Mode Shape)

(#4 - Axial Mode Shape)

Fig. 23. Mode Shape of Lattice Tube Type Structure
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