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Design and Analysis of Aircraft Composite Window Frame
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Abstract

This is the preliminary study to develop composite window frame of commercial aircraft using

VaRTM process. For two candidate carbon fabric(triaxial fabric,
specimens were fabricated using VaRTM process

sleeving braider dry carbon fiber),

,and then the physical & mechanical tests were

performed to gain material property according to ASTM. FEM analysis for each candidate carbon
fabric were performed to find the minimum ply number and weight for composite window frame. In
this study Tsai-Wu strength failure criteria was utilized to evaluate the safety of structure.

44L& 7] TlE—r fiiﬂ?J(wmdow frame)
Aol Y= (window)E F&st7] g T
2A FAd dE= ”’3‘-}5] Ao g
7"3013} 1 Fahg vl ALE
o} g8 1A 7}
A 27
Lﬂ%$ﬂ4
Hii vl 51
—’—‘T— ZHX“" 4 FulE 9%
}_o:} 7“&1-5]—7 ol*—
7k -t%’i‘.(Corrosmn)
=
Joi

A

L

==
L

i‘-',nl[o “
N

L

e > ol

¥ oft
_hmkﬁ,_.tr-{n—{w-!ozuir‘_".rsﬂ

(r

(fuselage skin)©
oy}, ¢ &of 7]
ZPYx 2FA
Ao}, o]&

A4 3
1}] /H z] zs(}-—-—}\
Ewﬂ7w

&’

om rm FW = o
e s J}E
= 2 o

_

s §
1=

o),
3 A
oh17 o
e,

&
=

o
<
&

o @3, -&—%—’.‘—-&*
RO ZE S

TRANEE $EFIAY @
k% Y - -
WEFE(F), FFLFAGRY 0YI716Y

a9 ook 4

AF A (VaRTM), 4E5

-232-

3 2| (Window Frame)

% BER AS SHu 4P 2=

(vacuum bag)o g dixste A
VaRTM(vacuum—assisted RTM)

T #3718 EEA 924
HA VaRTMZTA L E3%
3 BEAMHAE @R,

W (MSC/NASTRAN)S o] &3}

g“o]o] ‘LZ 7]-1? °HME‘ /‘\fsg
8 T Z A (design requirement) S =+
ARy dFviE 42 ZHde FA
9 #(max. deflection)& <tAslo, T
g vla st

2. A AR gAY

21 A8 A

2 dFdMe

371 s A3

4
A8



AHEE B R (fiber) 2 X (resin)E ¥ 13

Fige 3
1. A" R
¥% | Agd [eA] aw
drv fiber sleeving braider | .020” | T-700A1€
Y triaxial fabric .020” T-700414
resin VRM34 208 L&

dry fiber #AZA} : A&P technology (www.braider.com)
sleeving(product : V56L400R) : Carbon G34-700-12K
triaxial fabric(product : MR5405) : Carbon T-700 SC 12K
VRM34 -Hexcel(www.hexcelcom)Al A Z VaRTM4 epoxy
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Case Material process | FESIV[DENSITY| AREAL WEIGTH
Fiber | Resin CONTENTS | (b/in3))  {s/em2)

| | sleeving | VAM34 | VARTM| 33.708 | 0.0514 753.241

2 | tiadal | vAM3 | VARTM[ 31.085) 0.0513 807.811

* Areal Weight® Ply 9 4.
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case fiber resin H] 51
1 sleeving braider VRM34
2 triaxial(0 deg) VRM34 0 deg A%
3 triaxial(90 deg) VRM34 90 deg A3
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Strength

RT

Case

Tensie Com pression
Strengin Strength
(ksi) ()

Intentam tar Flxurat

In-Plane Shear | gy oantback site) | Strensthiback side)
i)

Strength (ksi}

52,

400 40.372 19.024 7.389 91.150

E7.

250 81.846 34.200 5.451 84.600

39,

500 61.588 34,200 5.450 B4.133

# 5 71AA 42 ANE 2HCGEA)

Modulus
AT
Case Tensile Com pression Fixural
Modulus Modulus Shaa(vmb:)dums Modulus(back side)
(m st} (msh) (m s,

1 8.946 9.789 0.752 5.864

2 €.538 7.023 3.122 5.097

3 6.333 5.309 3.122 5.735
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718 3. Comparison of Strength
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3.2 WINDOW FRAME &4
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HF 6. B4 X](material property)
EA A | sleeving | triaxial | o} 9 |alum.
Ei(msi) 8.946 6.538 04125 10.3
Ez{msi) 8.946 6.333
Giz(msi) 0.752 3.122
Vi 0.108 0.309 0.3 0.3
Xt(ksi) 524 67.25 60
Xclksi) 90.372 81.846 55.5
S(ksi) 19.024 34.2 34
pb*s¥in® | 0.0514 0.0519 0.101
Prafcnn 3
'{\mner flange
/ tad ‘ transition
outer fange flange
Frzlam \h o | \]ower flange
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A ultimate factorllimit load factor(1.33) x
safety factor(1.5)=2.01% x# 3t 182 psivl ¢
=5 et FL3ES )

AAzAL 9=% ZHYdE BAd 273
1/4"(0.25") #¥l(rivet) MZBHYE=F ol Pitch
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(M.S.), % Al(weight), 3 8 ¥ (deflection) gt & = g
F3 g 238 910112  weight/ MS/ .
deflection gtell W& A2 wlw g Zojr, 0s B —
A AF FA ZdHNAM VaRTMIHo] A& T e——
o) A 91 candidate fiber(sleeving braider, triaxial E— Y on s ;
fabric) ¢ -rﬂl" ‘i—_}-ar“]”er-fl 1/2 #&olx, A
AE 2] 308 $539u. £3 sleeving ¥ 10. Comparison of Margin of Safety
braider EE} triaxial fabricO] weight/deflection Comateon of Deecton
ZddqM o $58E 4 5 Utk 0.0400
—_— ) . ] ] 0.0350 ”‘:;;‘:]"9
) e . /r.._'\ ! E00300 * -
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© 0,0200 — -
0.0150 — Eal
{a) sleeving (b) triaxial (c)aluminum 00100 e —
219 8. Static Analysis 1 - ’
E7. result of sleeving braider 13 11. Comparison of Deflection
ogtllnner otlm; tower int:gﬂ_l—i1 Ofo?;': 0;0?; ﬂ;]leeMS wgi:zm deﬂ(li?:!ﬂm
1 18 18 1 488 211 14.8 2.17] 3,922 0,0205 4 724 =
2] 16 16 3,98 173 11,3 1.73] 3.258 0,0289 - =
3 1] 308 145|905 1.45] 2.9% | 0.0570
B AFqdMeE Jx$ ZH 9 Az 42
H#8. result of triaxial fabric o) A9l carbon fiberdl w34 VaRTM TR &
I. - _ Margin of Safetyfor each flange wgié;)ht defl(gc)ﬁon %%‘ iy )‘] T’E Z‘“ 3} n“ }‘] % = 8§ ﬂ ° U% ]@ é
e e S S S A8 dsa 33 dae a9 A
2 16 18 8| 3,54 1.82 11.4 1,82] 3,289 0.0213 __,2_‘_’5‘ X ZOZ Fel =g AY _/F- %_‘54 B
e T hisem oo Ha Zatolfe FAES AAHACt
4 Az A 3F =AW zEsH 27 A
) A A Bt wjdA EddolsE 24 5 U4
9. result of aluminum B BAZ oE 4 gy
[ Hickiess Margly of Safeyfor each flamge w:ig)ht deﬂec)tion 3 triaxial fabrice] sleeving braiderl2©} -
optjinner er er nner er wer b. in, 13 = 2~ 2=
0.% o.semg:ys 567 w(t).ss 547] 088 1,107 50112 A 2 FARAEASHEGAN o $52ES AT +

1

2] 0.32] 032{ 016 4,44 8571 11,70 057] 6,401 0.0150 glo%r,}
3] 0.28] 028| 0,18 344 03] 9.04 03515770 0.0199 )
4] 0.24] 024i 0.6 2,56 0171 6860 01715138 0.0269
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