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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.

Fig. 201 <telv Al=g9] AA 218 Uehlith
A4 TFE gEvhe $49 Nadir Hdo] nAH
Ag gAY duvE 94 ZAd sl 1y AX =
ey TREIH A4 BAY FAHIIAY T %%
AZE 4709 bracket& AMEE o] FolA 1}, <tEtY
2% 42 A&ME o i ol 1A ;47\] AAzA

paate Aol B

Tk

o -1 ok

Fix all Freedom

3.1 M Z=MES
A4z wAHE B4 A48 Y ?}.%% A% 2
B4 23e BNl BHA)] Astel A=HA FREO|
ol A14® %4 CEEERCE] % A23387] 9
= SN

AdY EFASE AHgEa, AA
EE Kevlar 3lWE F&7F 4g /\}%5‘

2z AA"E Ka U9 gHUd FRE (OlE 71E TE)
2 AAZ Hexcel. Inc.®] HRH49-1/4-2.18 AM&3t3ith A
=9 ?}. & YRR 5¢ aAst AAER, A
A A S A AR F&o] ulS Fasit I
NEE %W}ﬁwf AR Bukalg Fole @xA49Y
XnS0A/RS-37F  REAZ  AMEEHAR, BYHEREdes
KeviarA| 2 9] Kevlard9/Ex15157} AL &= itk

Table 191 71% Tz AH$8 A5 7144 EAS
UeERZTH3]. BAlE 25 AzPHoz Azd L=
0.254mme] FAE 2t HAY EAS AHEE Kevlar

WA BEE el FA gd Zdhe A, HF

o



10 0AEH BT LAANLT ARE A AEF BB A H KB @

= 4oz we we 3

o

¢ 5 Atk e =Ze)=Teag AMgste cwf& Ao r A58
9 FALAE W ASHEIE EHBYTE Table 200= ©
)]
=

Table 1 Material properties for base system Aol AFE7H5E Aeirba) @ ‘501'301: B3A9 71AA EAHAE
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Lruiona: Tsai-Wu index.
Tiransverse.strengin = Transverse shear strength.

Tiransverse.analysis - Transverse shear stress result.
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(c) 3" mode shape. (69.2 Hz)

(d) 4™ mode shape. (72.7 Hz)
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(b) Reinforced model.

Fig. 4 Feed hone part reinforced model.

(g) 7" mode shape. (112.8 Hz)
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Fig. 3 Mode shape of original system.
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Fig. 5 Mode shape of feed hone part. (10th mode : 180.2 Hz)
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Fig. 6 Deformation shape for each load case.

Table 4 Analysis case for laminated face sheet

Lamination angle
(1) [0/90]s

(2) 190/0]s

(3) [0/45/90/-45]s
(4) [0/45/-45/90]s
(5) [0/60/-601s
(6) [0/45/90/-451s

Core thickness(mm)
13mm and 6mm
13mm and 6mm
13mm and 6mm

13mm and 6mm
13mm and 6mm
10mm and Smm
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Table 5 Natural frequency for each lamination case (Unit : Hz)

1 st 2nd 3 d 4 th 5 th
Base 48.1(a) | 56.6(b) | 69.2(c) | 72.7(dy | 74.1¢e)
m 59.1(b) | 64.9(2) | 86.4() | 94.1(d) | 1019(g)
7)) 59.1(b) | 64.9() | 86.4() | 94.1d) | 101.9(g)
1053 107.1
3) 66.4(b) | 743(a) | 103.3(d) (oD (oD
1053 107.1
@ 66.4(b) | 743(@) | 103.3(d) (e o
95.8
5) 63.1(b) | 70.5(a) (o) 99.3(6) | 100.5(d)
©) 60.6() | 72.3() | 89.6() | 99.5d) | 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 1.99 2.84
(3) 4.76 2.36 2.84
4) 4.76 2.36 2.84
(5) 4.03 22 2.61
(6) 52 2.3 2.66
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