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Design of an Aircraft Composite Window Frame Using VaRTM Process

Wie-Dae Kim™", Dae-Jin Hong

ABSTRACT

This is the preliminary study to develop composite window frame of commercial aircraft using VaRTM
process. For two candidate carbon fabrics(triaxial overbraid, sleeving braider), specimens were fabricated using
VaRTM process, and the physical & mechanical property tests were performed to obtain the material properties
according to ASTM. FEM analysis for each candidate carbon fabric was performed to find the minimum
number of plies and weight for composite window frame to satisfy the design requirements. In this study,
Tsai-Wu strength failure criterion was used to evaluate the safety of structure.

2 =

2 =82 RAFATAE B8 AYEE 37 EEA dx¢ ZEds viusty] 9% A% Aot 9=
HAdE AZs7) Y3 nE<l 22 F9 2 A S-triaxial overbraid €+ sleeving braider-of & A VaRTM T3S &

88 AR A, ASTM Augol et BANT 2/ A% BARSAN HA Aol AAHUT ol F HEA
AEe mege] Ha Bajolsot BAS A7 918 2A7tel wa Mgl et fRebe Mol LUt B A
AL FEEO AL FoHY] As] Tsai-Wu mEAEEE AE AT
Key Words : 9= -9 Zg ¢(Window Frame), $2A &4 24 (VaRTM), &3 8 4&H(FEM), o 8] Al & (Preform)
LA E T gg =& He Agold, @4 AW FFAA=
RTM Z{[1-6]& o] &3 d=g 2P AL F3 74
U8 Fevl 9= =z A(window frame) AA 9] AHzrmat obuel i AL FF AL WE A4S A=
A= f(window)S 237 A% F2ERA FA4 42 &3 gk 3 I RTM FHelA st E=w 4
2 AarE 9o B Heo gxBelrt. V& W fstu AR BT Al Z-F I (vacuum bag)o 2 o H 5}
7 aEvle AgEE 9Re =gl d2olk ABL AYAEE VaRTM (Vacuum-assisted RTM)yZ AL @
(1075173 dic forging) & o &5 /AL EIGOL, A2 §otol F27] HES AL PUE ZFE wa 9=
FE7e FA HAE 58 £849E AL Y WA €, RIM Eoph Augels Wy BE Az mutdd ¥
719 FA 2F(fuselage skino] BFARRE vt Y& Aotk Ty FWoiME BT ﬂE-r o]
FAlolH, HEol /1E F4 AHY FuE Y Ty A nEE Aol
Y= EFARE ol&std AAE 9= FAt ok gaba 2 =E2dAe FF78 5 4= =y Y
o]F w&2ke F4(Corrosion) #4 5& 2 stz dol  ALE A8l WA VaRTMEZAES 58 AHE A5 A

3 ol 111Z}(E~mail:wdkim@pusan,ac.kr)
oy FRSFAGEN W)\



|8

A9 - Fgqa

WG AP HR e

o AP B3 VaRTM AlH9 237, 7|A4H Y3 5 &
AXE R, §3a4s T2 IYMSC/NASTRAN)S o
B3te] A4 A= zEdde] 3= AE HHe $ysg
vh dA) Q2 A(design requirement) S 2= B777 FE 7|9
YR A4 (Aerodynamic Smoothness) 7| 2o o)A s YU
% zZdda Hd HYFMax. Deflection)& A3, =
A A EAE vLFgong FI/¢ B 9o =
49 d4g S¥s9d

2 A" A% 2 A
21 Alg x|

2 gFdA AEE BFHREFibens R A&P
technologyAb  (www braider.com) ¢} CFRP Z#2l Sleeving
Braider (Product code : V56L400R) ¢} Triaxial Overbraid
(Product Code : MR5405) o|tt. £ad] Hg ol (Sleeving
Braider)i= Fig. 1 A ¥ 2% (biaxial) 32 FH2 +45°98 0
2 A% ™2 AR =Hol uy. 3% 28 B o) =(Triaxial
Overbraid)= Fig29t 2ol & & <ol (0/£60°)7F B 25 o]
A FuIAE F37) FAY Cframe HFo] VaRTM
A9 2R AgE AHg9E Aol BAH59
HA AL TorayAte] T700 A|Y YApolct.

i5°

NP4 Longltudinal
/\ Direction

o

-45

Sleeving braider

Fig. 1 Sleeving braider.
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Fig. 2 Triaxial overbmid.
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Table 1 Properties of VRM34

PROPERTY VRM34
SYSTEM 2 PART SYSTEM
Storage Temperature RT
Mixing 100 :42 wt
DEGASING 120°F ol A 1 hr
Injection 120 F (48.9 °C)
1200 cps @25 °C
Viscosity 220~250 cps @120 °F
370~470 cps @120 °F
after 3 hours
Cure Cycle ?‘;;S&;:&g":szms
Gel 2.5~ 4hr@195°F

Table 2 Four types of specimen cases

1 sleeving VRM34 VARTM
2 wiaxial VRM34 VARTM Odeg M5
3 VRM34 VARTM _ [0 deg &
4 BMS8-256 Prepreg Autoclave 1250° F cure
1&
T 2h-
250 F S
3~5 Lf«‘/min
195 F ! 5 F/min
3~5 F/min
120 F
T
VRM34
Fig. 3 Curing cycle of VRM34.
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(Ply Thickness)= 25 0.020" ojt}, VaRTM2 2 Z YL of Table 3 Test results of physical property
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f,\—X} —;TQ—C{:]—_;LS’—} %?—E LMj-T"—_l-(Spiral Tube, Airtech}\]-)g }\]' Case Process Retsmt ]()lebjls:;g Weight
5 o contenis
a4 A A YHPFoR 247 2AHEE a9 R (gem)
ot E3F AFW(Vacuum Bag)dt B 787 o4 Hayy I | sleeving | VRM34 | VaRTM | 33708 | 00514 | 753241
L2 2499 o]ELo] gomw DAL E o] Gk XHX‘(FIQW 2 triaxial VRM34 VaRTM 31.085 0.0519 | 807.811
MEdiaZAil‘tCCh/\]')% 1 Afol of AZ3lo 9| Qo] g ref | BM S8-256 Prepreg Autoclave 38.000 0.0550
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Py 33 — ¥248 A3 - £4 247 2 27
Spiral Tube 42 — FEAQE HFE — AFW H= - £ Table 4 Test cases of mechanical properties
A FY4 — Azt AFY £HAH 085 atm J=F Ho|m HE ER EEr =55 | AE
AR F=X F¢Y A VRM34 SAU 120002 AFAS & Q1% Al (tension) ASTMD3039 | E,. v, F, 5
AZolA YRS diol= 2] A7ko] 3417 o]Ae] A L ) ASTM D 695/
T oo _ _ 2% Al & (compression) E, F, 5
ool £XE AP WM opo)E %XI?SWE'_P Tool ASTMD 3410
9 7ek AR o] =7t Ab2oly] wfjRo] 2] 29 HEF Al B (in-plane shear) | ASTM D 3518 Gy, Fy, 5
‘5‘}-—‘5— AHog l‘l—]—ﬂ—ﬂq— n‘,]-a—}ﬂ ex i?go] 7]—‘—3]— Z}ﬁ @ 2! Al&(long beam) ASTM D 790 E o Flex 5
L& WelA Tool T £A7F 443 12072 FAE o £} HT AlBi(shortbeam) | ASTM D 2344 F.(S,) 5
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o]z zEwW Z}Q(double vacuum bagging)& o B T AW O Table 5 Test results of mechanical streng
Bolxq SANT AHE At Ko z 4L all
z]jg; o o oolgel met A3 Case| Tensile |Compression| In-Plane Short Beam Long Beam
b o St[zgﬁlh St[ength Shear Strength(ksi) Strength(ksi)
1 52,400 90.372 19.024 7.339 91.150
2 67.250 81.846 34.200 5.451 84.600
3 39.500 61.588 34.200 5.450 84.133
4 87.750 82.000 36.200 9.498 135.7%4
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Fig. 4 Specimen layuut and size.
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Fig. 5 Schematic diagram of VaRTM process.
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Fig. 6 Mechanical property tests.
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Table 6 Test results of mechanical stiffness

; RT

Case Tensile Compression|in-Plane Shear Long Beam
Modulus Modulus Modulus Modulus

(msi) (msi) (msi) {msi)

1 8.946 9.789 0.752 5.864

2 6.538 7.023 3.122 5.087

i3 6.333 5.309 3.122 5.735

4 8.306 7.900 0.435 7.330
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Fig. 7 Window Frame Profile & Section View(unit=inch).
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Table 7 Material property

Ei(msi) 8.946 6.538 04125 103
Ea(msi) 8.946 6.333
Gi2(msi) 0.752 3122
Vi 0.108 0.309 0.3 0.3
Xt(ksi) 524 67.25 60
Xe(ksi) 90.372 81.846 555
S(ksi) 19.024 342 34
o (Ib*s¥in%) 0.0514 0.0519 0.101

* alum : 7075-T73 die forging
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(a) Margin of safety
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Fig. 11 M.S. and deflection of sleeving bradier.

Table 8 Result of Sleeving Braider
% Margin of Safety for each fi

opt weight | defiection

inner louter |lower | inner outer | lower | MINM.S| (ib) in,

2| 16 18] 8 3.56 1.51 10.3 1.51] 3.258 0.0315
314 14 8 2.83 1.24] 8.21 1.24| 2.936| 00404
4 12| 12 8 22 1.05 6.6 1.05] 2.615]| 0.0521
Fig. 128} Table 9% 3&ZowBdol=o} digt AF 3t

olo, opt 2 747 WEA PG & & 9t}

s

Fig. 12 M.S. and deflection of triaxial overbraid.

Table 9 Rresult of Traxial Overbraid

weight

deflection
(Ib) i
3.960

8.11 1.25
6.32]  0.988] 2.640]_ 0.0401 ]

1.86] 0988

Fig. 133} Table 102 Y% BEul& 7k Al 7075-T73 tholx
oz ARYS B An glold, opt I WENPL L
Stk oA71A optell ] FAE HE4E TAR Bk grolch

Table 11 @ Fig. 14, 15, 16& 814 AL u)ish= Ho|golt.
S AT 0SS WA e ZAselNe) Tt ok
ARE T B BS Aot W gAU WYY Zvio]H 35
euBolt & o S4HE & 4 9tk TS} Bol Al

o 4 glo} A Az ANE HL o 2L 5 UL Aol B, A
# B4u n2Re o) Arolck
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Fig. 13 M.S. and deflection of aluminum.

Table 10 Result of Aluminum

opt thicknegs Margin of Safety for each flange weight deﬂectlon
inner outer {lower | inner outer | lower |MINM.S| (ib) (in)

1] 036 0.36] 0.24 5.07 072 ] 14.08 0727707 0.0122

2l 032 0321 016 3.87 0.44 | 10.64 04416401 ! 00164

4] 024 0.24] 016 219 0.07 5.96 0.07] 5138 | 0.0294

Table 11 Comparison of each results

R

Fig. 14 Comparison of weight.

Comparison of MS.

Fig. 15 Comparison of margin of safety.
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