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Abstract

This paper studied the mechanical characteristics of boom structures by verifying the modeling method of
representing unit cells of triaxial woven fabric (TWF) composites. The modeling of the representative unit cell obtained
the ABD matrix by analysing the behaviour of tensile, shear, bending, and torsion using the periodic boundary

conditions for the beam element. This study aimed to validate the ABD matrix by comparing the tensile analysis output
from a finite element program with the experimental results from an MTS 810 machine. Additionally, the mechanical
characteristics of a TWF composite boom structure were determined through bending analysis and experiments. The
findings of this research are expected to be beneficial for developing structures using TWF composites.
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Fig. 1 Deployable Reflector Antenna on MASAT-2
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Fig. 2 Basic Weave of Triaxial Woven Fabric [2]
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Table 1 Material Properties of Fiber and Matrix

Fiber (SK802/T300)

Longitudinal Elastic Modulus [GPa] 233.2
Transverse Elastic Modulus [GPal 23.1
In-Plane Shear Modulus [GPal 8.9
Poisson’s Ratio 0.2
Matrix (Hexcel 8552)
Elastic Modulus [GPa] 4.8
Shear Modulus [GPal 1.7
Poisson’s Ratio 0.4

Table 2 Yarn Material Properties of TWF Composite

Properties Value
Longitudinal Elastic Modulus [GPal] 153.1
Transverse Elastic Modulus [GPal 13.2
In-Plane Shear Modulus [GPal 4.4
Poisson’s Ratio 0.3
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Table 3 Periodic Boundary Conditions of RUC

Top/Bottom Left/Right
UT_UB = €XXA/X UL_UR = 0,5£XyA/X
VT_VB = 0.5€XyA/X VL_VR = fyyA/X

WT_WB = —0,5/(ny1A/X WL—WR = _025kXyA/XA/y

O =6y" = ~0.5kw A, O -6 = kAl

QyT_QyB = kXXA/X QyL_QyR = 0 5/(XyA/X

e, -6, =0 e,/-6, =0

Table 4 Assumption of Periodic Boundary Condition

Equation
Assumption
1 gxle’gyyzgxyz’(xxz’fwz’(xyzo
2 gyyzl’gxngxyz’(xxz’(yy:’(xy=O
3 Sxyzl’gxngyyz’(xx—’fwz’fxyzo
4 ’(xle’gxx:gyy:gxy K'W=ny—0
5 Kyy = Leyy = Eyy = Exp = Kyy =Ky = 0
6 ny=1,£xx=£yy=£xy=xxx=xy=0
ABD 74 s1EH e 99 Ao F7|4 AA 20L& B
B e N AnE byl Fug Hgstel 79
H(Eq. 4). Figure 5 714 AA 271 T x4 2
A A G @,
N lcl]Alely Y (Fpup+Mp6y) (4a)
B.N.
M; KlJAlely = Z (Fr up+M:6)) (4b)
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Fig. 5 RUC of X -Direction Tensile Analysis

(4211 2379 0 0 0  —0.84]
2377 4090 0 0 0 077
0 0 8015 081 —080 0

ABD = 5)

0 0 081 281 077 0

0 0 -081 077 281 0

|-084 097 0 0 0 100

2.2 3-8k 2 F =8A=E ABD ZM #E A

ol

-0,
2,
>,
juiec)
rlo
¢

3} SAE AE7] (MTS-810)F o] &3}t
At (Figs. 6). B ES AlH Fdol 2EHA Aol
2] CEA-13-240UZ-120% #&s}lo] =431}, 3-

T s EFAEe] AW FA Fig. 79 g AF
E=+ ASTM D3039¢] w2} 2 mm/min X33 16]
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Table 5 The Comparison of Tensile Experiment and
Analysis Stiffness
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Fig. 8 Comparison of Experiment and Analysis Results
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Fig. 9 Comparison of Experiment and Analysis Results

(90° Tensile)

3-0Eg AE E3Ase ABD #A FHES HLE
A A= AFAx ¢ vus] oF 0.8 ~ 7%Y L&t

= 34e dZaqr. ol Fel ABD 34 JUL
2

=& 4ol 220 mm, A& 17 mm 18|32 &% 34.5 mm
2 AFFPa 3—p01nt Hhalol #3 A¥ o072 Figure

109 #Zo] £% 2 mm/mineZ JFPsIATH17]. =3
dMe 3-wF A8 E5gAEe ABD FdS A 83}
o]

Fig. 10 Bending Experiment of TWF Composite
Boom Structure
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Fig. 12 Deformed Shape of Boom Structure with
Respect to Load Point Variations
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