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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.
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wea
+ RTM &H1-61& Ol%%& %E% Zd NEe Fa
FAAZER ol g AaE Fd A & HAs
Amsta vk Ee HIZols RTM FHelA 33 B=
T ARESEE AR BEE 4l 7 H(vacuum bag) o Z o
Aste] AFS AAksh= VaRTM (Vacuum - assisted

=d, RTM =2t} AH|&olm g §F A=
o Al FAeIth ay IUelAE HIA A=
el tigk A7k gk Aol

el B =FdAE F37E EFA A= =H 9
LS $fa WA VaRTM& & %%L *l‘ﬁ% A =3} o]
Al AlEE F3 VaRTM Alde] B84, 7144 44 5
E4AE dxsta, fFiaes Z2IHMSC/NASTRAN)
£ o]&ste] Al AES =9l 2 AR HAE 5
Atk AA L7 (design requirement) o 2= B777 &
F719] T8 +9A4 (Aerodynamic Smoothness) 7]Fol <

3ol A= = ole] Hu W9 ZF(Max. Deflection) S
}1\_}7@—{5}0:11 !}71] 7§§ 7} _3__4.?- 1;]] tﬂ—c)i}yﬂ 6]——'7]_9_ _1;‘_61-
A AR =z AAE S

2. A1E A AR
2.1 A" Rt

oA o AFEE B A H(Fiber)® 1S A&P
technologyAt  (www.braider.com) ¢ CFRP #A|<l
Sleeving Braider (Product code : V56L400R) ¢+ Triaxial
Overbraid (Product Code : MR5405) o]t} &&W] Ho]
U] (Sleeving Braider)©= Fig.l *13 23 (biaxial) 2z 3]
2 45 Weko g A% 515]]; Az 5101 o}\;]. S%OIHEEH
o] = (Triaxial Overbraid)&= Fig.2¢+ o] 3 & <t
(0/460° )7k AFHol de HAFHE 37 49
C-frame AZtel VaRTM &4 EAAH AE2 ALgd
A AAelth AR dAAE  TorayAhel T700 7
4 YAteltt

Lonqmudmal

_ Longitudinal
~ Direction

Sleeving braider

Fig. 1 Sleeving braider

B AT AT 5

o
Lo . Longitudinal
=77 Direction

o

Triaxial Qverbraid

Fig. 2 Triaxial overbraid

] (resin)= W= HexcelAl 9] @3-

Fg&o7 /ey RTM 2 VaRTME A2 Epoxy A<

350°F 733hg 29 %
o &l Boeing®] AHA Al 5 A

2191 VRM34

olth. @A Hexcell\}

==
83 Fd

FA o)t}

A ZAFA A A A FE VRM349] 43 A& Table 10 et
AL, Aol FE Fig 37 2t

Table 1 Properties of VRM34
PROPERTY VRM34
SYSTEM 2 PART SYSTEM
Storage Temperature RT
Mixing 100 :42 wt
DEGASING 120°F ol M 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
90°C : 2.5~4hr s
Cure Cycle
177°C(350 °F) : 2hrs
Gel 2.5~ 4hr@195°F
A
T Zhr
350 F
2.5~ dhr 3~5 F/min
195 F 5 F/min
3~5 F/min
120F
time >
VRIM34
Fig. 3 Curing cycle of VRM34
2.2 AE H
Al A ZF2 Table 29F Zo] 47FA] 7 -0l distA 43
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A} Case 12 &EH
A9t VRM34 FA & Al&3ted VaRTM 34

] B ¢ o] ] (Sleeving Braider) .7
F3 o

£ A#olx, Case 232 3% 2B o]=(Triaxial
Overbraid)ell W3t 2oz 0 @] 7144 42 Algd7
90" T WEe ANde AAEr] el A& sk
Case 4% 919 VaRTMZ#74 AlA% vlusty] 98], o&

o]y FAHS &-83}o] Boeing BMS-8-256 @ X1
2 9HE Al#Ho|th Fig. 6 o= Al AlF A(layout) ¥

Ao a7)7F vEd o

Table 2 Four types of specimen cases

Material
Case Process H|
Fiber Resin =
1 sleeving VRM 34 VARTM
M=
2 tiaxial VRM34 VARTM Odeg A S
3 VRM34 VARTM 0 deg &S
4 BMS8-256 Prepreg Autoclave |250° F cure

B

i: rsxusi |

Tenwion
fox1

- Plane Shear Tost

Fig 6. Specimen layout and size
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Fig. 7 VaRTM &4 ¢ NFEE HolFa 9]
Alde 1% J3 AlAS Azetr] A 42 6 54
3}t Sleeving Braider®} Triaxial Overbraide] Zt
Zl(Ply Thickness)+ E5F 0.020“ o]t}. VaRTM< 2%
FS o] 83l7] WEe RTM BTl % £2 Agrl &)
ZA A FYT F7E WA F(Spiral Tube, Airtech
ADE AREEIA A AR AARFoR FA7F FYH
stk gk FAF 9 (Vacuum Bag)d 27447471 ¢
AAEE FA FYP] oy Fol dornr AP K

%
A& (Flow Media:Airtech )& 1 Alo]ol] A F3le] 4%

LA T

¢

H ofje i

> &

T =2
=

ot

FYgo] d&sA o
A -> Peel Ply d&->
ol Spiral Tube A=

SR

2
ZO]:}L
] ->2] g
443 0.85 atm
’\] VRM34 A9k 12
L‘H"ﬂb 29 Ao
=(240 cps)E
=o]7] wj&e

=2
=

ﬂwé

FJE o] Fo X A=
3} ¢l (double vacuum bagging)< 3+
FEE A3 RolZe wE HFE A

e tA

¥ 49

To Vacuym Pump

-

Saalant Tapn

Rasin drawn across and through
rainforcemant by vacu

Vacuum Bag/Peesl Ply

Biitnibation Fa

Fig. 7 Schematic diagram of VaRTM process.
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A4 AY
&
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B A¥A 0055204 ¢d VaRTM AlH& 005172 thef
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Table 3. Test results of physical property

Material . . Areal
. Resin Density .
Case Process . 3 Weight
Fiber Resin contents | (Ib/in”) 2
(g/cm®)
1 sleeving | VRM34 VaRTM 33.708 0.0514 | 753.241
2 triaxial | VRM34 VaRTM 31.085 0.0519 | 807.811
ref |BM S8-256 Prepreg| Autoclave 38.000 0.0550
« WAL A (Areal Weight)® Z(Ply) & %<l
24 7|AX HE AMH
NAAH A2 AN&e Table 29 ZZ Caseol U3l

ASTM 7tZA D3039/ D695 / D3518/ D2344/D790[7]ell

wte} Table 49 #Zo] IF/dFH/Ad/FTHHAA/ w3 A8
< AA 8T
Table 4 Test cases of mechanical properties
AE &EF A& 7E S&I AlBI
QI & Al & (tension) ASTM D 3039 E,, Vi Fy 5
s ASTM D 695/
o - !
2= Al & (compression) ASTM D 3410 E, Fo 5
ek Al (in-plane shear) ASTM D 3518 Gy, Fy 5
=& Al&(long beam) ASTM D 790 E gou » Flex 5
Z2t ®EH Al (short beam) | ASTM D 2344 Fy(S) 5
Fig 8.2 7|A4 A4 AE 39 Z&FE BT Yt
AHgE A gule 71AA UTM (&% ¢ 136 ton) 49|
& ol&3demn ZEgQ AelA % rHIA LT E

(extension meter)E ©]

g3l 245t

Compression Test

Flexible Test

Interlaminar Shear Test

Fig. 8 Mechanical property tests

Table 55 A1¥#¢]

1$=+ PEPLH
938 Short -
A2 v =3 S

KU =

Beam

dehia Qe

Table 5 Test results of mechanical strength

RT
Case| Tensile |Compression| In-Plane
Strength Strength Shear Sstr:r:;ta?lfsr:]) slig:?gt?]e(ﬁjs?)

(ksi) (ksi) Strength(ksi)
1 52.400 90.372 19.024 7.389 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
Table 62 Al#el 71A4 44 S4& dekilz vk
G A R sbE A8 BE B} 35oHE
dolEnt $5ge o+ ik Aw A4S 2AE 54
3 T £60° A BPoR 3Fen Heo=r) o
2 #ge dedz ddn. w8 Y FAHSE A%
Long-Beam 542 A9 H|3hs & F Utk #u=
BMS 8 -256 Z@]Z#|1 A|HE AL HS3t e A2

e e

& & g,
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Table 6 Test results of mechanical stiffness
RT Ei(msi) 8.946 6.538 0.4125 10.3
Gase| rerate  [Oomeressionfin-piare Shear Long Soan Bsms) | 8946 | 6333
(msi) (msi) (msi) (msi) Giz2(msi) 0.752 3.122
1 8.946 9.789 0.752 5.864 Viz 0.108 0.309 0.3 0.3
2 2222 ;gﬁ: 212: 232; Xt(ksi) 52.4 67.25 60
[ 3306 ~ 900 0.435 7330 Xc(ksi) 90.372 81.846 55.5
S(ksi) 19.024 34.2 34
0.10
p(ib+s®/in")|  0.0514 0.0519 )
3. %@ ax d4
* alum : 7075-T73 die forging
31 9= Zaly FA ¥ oju A HE gy 33 g8+ zY
Qg ZHdd F42 o] o THS B & =&
TR Bl oR ¥ FAAN AL W G40 gquam w g4 wg
A z7] AA AN AFHW F 2 gwE Lo )
j 7”102:]3“ ﬁl j ?_oz}]:j; Zlg Qf};iﬁ‘rﬁﬂ O] v & A (preform) WS HAEI AFZ ALE3o] Fig
4w AR AEATA AN AANT oah 2ol g 14 28 A2 F YA Fillen ®
¥ Agels. I Abelol AN T, BAHeE AU 3% 1 9
AAA G F3 24 2d dEe dA Rl FAAE
st ddW A4S FdPdor, AdZF WA (Transition
Flange)sl 7t Q4% Zax ¥ Fage A
. Preform 3
I/ \
L340 . ¥ Inner flange
Filler f
1.680 *"— Outer flange ;!hranvltnn
i Preform 2 \Prel'orm 1 \ ]_,m:-?-eﬂange
l‘ .

A

Fig. 9 Window Frame Profile & Section
View(unit=inch)

FrEkes dAd AEE 24X VaRTM Al AlflS
T3 @2 Z1AA ZAE ol Table 73 Zuh ofaE 2
PES ZY el AF = oA Ad= & FHE 9=
A S AES FA9E 7Y, alumE 7= Al
A e AHEEHAD Al AF FES T 4
Aot}

Table 7 Material property

Fig. 10 Preforming and analysis configuration

o2 AzAY 95 ZYdd A4 dge
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gx£ =
18.2 pst YHo| 2HET

CQUAD4 fixad

Overlap element

Fig. 11 Finite element type

333. 8% 2 AA =14

TERAOR RS ZHde xS Hle A gt
ok olyg, FaAle] Aol (Cutout) F-i-o tie dFe
B (Doubler) G&S 3l Fxolt. waEkd Fq37] &
AZFE Y Ak 35y, G/l 2 SAHZFEY v =
WE S eg Ader dvh. AAAA a5 (Flight

A A stsv FolRs ol
= F A2 A7) 5 (Fuselage Design Criteria)[8,-10]l <] &}
%EIL 35 1) <= (Ultimate Factor) 2.0°0] 24 ¥+ Ao &)
M zpQto] 91 psi o|EPE ZAE3FoR
18.2 DSl4 2eks A& ATH

AAZALE  PAre  =ZYdes  FA 273
1/47(0.25%) @ W(rivet)  AZFEZ= gt} Pitch
distance(PD) = 4D~6D, Edge distance(ED) > 25D +
0.05"7}F Q‘: P9 Zed F9=2 < H(single row) =
WA s =5 ekl

Load)°] Fo#]A|

o)
v aL,

3.4 ’.‘=-;'7-1|°:r" al

B777 8 5AA &4 A4 ot ¥ Aol (Wave
Length) °ﬂ s s}zl o] (Wave Depth)E Aldkatir <)
th(Fig 12) 2 95 ZH gL TA9 f4 ko] s
oF 15" o|t}, A= ZH AT A& Fle] F

Al Fo] o
A5k A H (Deflection)S zr=thal 7F4sld A=g- =z

é

o of

7 Q=S Hel AA g AW = 0170tk 1¥d)
A=S Fee Aoah A= =y e T ggf 2 e
=

olu AU = 0025"E AA 8F 2= F43)
o
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o 5
oas (o I I
s [ v oo
oas __Ef&:;m
fEZ:
L)
!01‘ -
asa |0
aen - BT ]
oV 1 I
L] Rl el £ -0 L] - ™ no o oo

nnTi wave lengm =

Arrudymamic Smes thness

Fig. 12 B777 Aerodynamic Smoothness
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Fig. 137} Table 82 <z|® B ojrfel st AxE B
o F1 gded, 9714 opte nEFQ ZPF WHow
g wo] ztzhe] FAA HF FE el At

A]

o

ot o] f-(Margin of Safety)E HW npgZ Tz &
7hg dotghs B o4 itk 3 WAl Gopt Dol 1HF
dulgdy Wwyez HoWeE ¥A &F 4dd, &9
Beolr e H$E opt 1¥o] o] & wEetal ¢l
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(a) Margin of safety (b) Deflection

Fig. 13 M.S. and deflection of sleeving bradier

Table 8 Result of Sleevmg Braider

2| 16 16 8 3.56 1.51 103 1.51| 3.258 0.0315
3 14 14 8 2.83 1.24] 821 1.24| 2.936 0.0404
4 12 12 8 22 1.05 6.6 1.05] 2.615 0.0521
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Fig. 149} Table 9% 3% 94
oM, opt 2 747 WMEAZL ot

Fig. 14 M.S. and deflection of triaxial overbraid

Table 9 Rresult of Triaxial Overbraid

opt ply F Margin of Safety for each flange weight | deflection
inner [outer Jlower | i lower [MIN M.S| (ib) i
8 2.08] 3.960

0.988] 2.640 | 0.0401 |

3
[al 1ol 1o g

Fig. 15% Table 102 T3 3 & 2= Al 7075-T73
telEgoz A4Ye wel Asgelm, opt 3744
AR & % Atk A4 optl A FAE AF5E
2 8ae ol

=
ke

7

Fig. 15 M.S. and deflection of aluminum

Table 10 Result of Aluminum

opt lickness Marain of Safety for each flanae weight | deflection
inner_|outer |lower | inner outer | lower | MIN M.S| (Ib) (in)

1] 0.36] 0.36] 0.24 5.07 0.72 | 14.08 0.72 | 7.707 0.0122

2] 0.32] 0.32] 0.16 3.87 0.44 | 10.64 0.44 | 6.401 0.0164

0.07

5.138

0.16 219 0.07 5.96

Table 11 ¥ Fig. 161718 314 A& Hlusgte=

olEelth 14 A3 HoW$l0025)E UA St =a5
oA e FoAS el fE F BYA g Aol7t Bm
QAT Welel ZHelN 3FoMuAcl} F O $5E

KX
=
& F gk el Rt ol v WES ol 2 4

=5 A ADE AW HAF 5 9% £ 4 ol
wi A7 598 9% o 942 & e Aotk @, 44
=49 TeRe We) Asoly)
Table 11 Comparison of each results
pyE [ weigt(I) [ M.S [ n.)
sleeving triaxial| alum | sleeving triaxial|alum sleeving | triaxid | alum
0] 7.707 208] 0.72 00175 00122

3.96(
[2 [16(032) [16(0.32) [8(0.16

14(0.28) 14(0.28)
4 [12(0.24) [12(0.24) [8(0.16)

Comparison of Weight

80
A\ —e—sleeving
70 —B— triaxial [~
—A—alum
60
B
= 50
=)
K
=40
30 \-\
20 L L L

Opt

Fig. 16 Comparison of weight

Comparison of MS.
25
—4—sleeving
2 [ —®—triaxial
—A—aluninium
.15
@
=
1
o A\\A\A\A
0 . . |
1 2 3 4
Opt

Fig. 17 Comparison of margin of safety

Conparison of Deflection

00500 —|—4—sleeving A

00450 | triaxial
200400 ——A—aluminium / -
‘E 0030 /-
‘S 00800 /
2
% 00250
© 00200

00150

00100 A/‘ L L

1 2 3 4

Fig. 18 Comparison of deflection
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