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Modal Analysis and Failure Safety Estimation for the Satellite Antenna System
Composed of Sandwich Structure with Laminated Face Sheet

Se-Hee Oh", Jae-Heung Han~, Il-Kwon Oh', Won-Ho Shin’,
Chun-Gon Kim™™", In Lee” ", and Jong-Heung Park”

ABSTRACT

The satellite system experiences severe mechanical loads during the launch period. Therefore, the positive
margin of safety of the satellite system must be demonstrated for every possible mechanical loading conditions
during the launch period. This paper presents modal and stress analysis results due to quasi-static loads for the
satellite antenna system. The failure tendency for the sandwich construction of the satellite antenna system has
been studied with various lamination angles of unidirectional prepreg.
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Fig. 1 FE modeling for the antenna system.
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Fig. 2 Boundary condition for the antenna system.
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Table 1 Material properties for base system
Face sheet Core
Kevlar49/ HRH49-1/
XnSOARS-3 | gxisis 4-2.1
E (MPa) 70330 19310 174.4
19.58(L)
3
G (MPa) 25370 5240 731(W)
v 0.32 0.334 -
p (kg/m’) 1600 1450 33.62
Xi (MPa) 194.9 2523 -
X¢ (MPa) 99.3 386 0.69
S (MPa) 827 102 0.21

Table 2 Material properties for various unidirectional Gr/Ep

prepreg
Torayca SKC USN- HFG125NS | T300/5208
(P3051) 1250
Stiffness (Modulus unit : GPa)
E, 127.9 134 141.1 137.8
EoEs 9.4 103 8.65 10
G12,Gua 42 5.5 545 55
G23 31 32 423 41
Vi, Vi3 0.28 0.33 03 0.3
Va3 0.52 0.53 0.6
Strength (Unit : MPa)
X, 1726 1758 1682.2 1498
X, 1051 1078 1489
Yo Zi 61 52 745 65
Y., Ze 141 207 1321 200
S 61 52 103.6 86
Density (kg/m”)
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« Core:
T ;
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M-S fieer Margin of safety for facesheet.

MS... . Margin of safety for core.
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i Tsai-Wu index.
Tlr{m.werxe,xln‘nglh . Transverse shear strength.

Tlfﬂ"Wt'r!t\nnl'l)’Xff : Transverse shear stress result.
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(b) 2™ mode shape. (56.6 Hz)

(d) 4™ mode shape. (72.7 Hz)
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Fig. 3 Mode shape of original system.

Table 3 Margin of safety of base system for guasi-static

loads in each direction

X-dir Y-dir Z-dir
Face sheet 064 | 042 159 |
Core 7.33 1.15 716 |
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(b) Reinforced model.

Fig. 4 Feed hone part reinforced model.
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Fig. 5 Mode shape of feed hone part. (10th mode : 180.2 Hz)
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(¢) Z-direction

Fig. 6 Deformation shape for each load case.

Table 4 Analysis case for laminated face sheet

Lamination angle
(1) [0/90]s

(2) [90/0]s

(3) [0/45/90/-45]s
(4) [0/45/-45/901s
(5) [0/60/-60]s
(6) [0/45/90/-451s

Core thickness(mm)
13mm and 6mm

13mm and 6mm
I3mm and 6mm
13mm and 6mm
13mm and 6mm

10mm and 5mm
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Table § Natural frequency for each lamination case (Unit : Hz)

lst 2nd 3rd 41h sth
Base 48.1(a) | S6.6(b) | 69.2(c) | 72.7(@) | 74.1(e)
M 59.1(b) | 64.9(a) | 864(e) | 94.1(d) | 1019
@ 59.1(b) | 64.9(a) | 864(e) | 94.1(d) | 1019(g)
1053 107.1
3) 66.40b) | 743@) | 1033@ | o (e
1053 1071
@ 66.4(b) | 743@ | 1033 | o )
9538
5) 63.10) | 705@ | o 99.3() | 100.5(d)
() 60.6(b) | 723(a) | 89.6(0) | 99.5(d) | 104.6(g)

¥ (a)-(g) : Mode shape type from Fig. 3.

Table 6 Margin of safety for y-direction inertial load and
mass of each lamination case

Face sheet Core Mass (kg)

Origin -0.42 1.15 2.79

1) 4.16 1.99 2.84

(2) 4.16 199 2.84

(3) 4.76 2.36 2.84

4) 4.76 2.36 2.84

(5) 4.03 2.2 2.61

(6) 5.2 23 2.66
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