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수지 충전 공정을 이용한 항공기 윈도우 프레임 설계
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Design of an Aircraft Composite Window Frame Using 

VaRTM Process
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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 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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2. 시편 제작 및 시험

2.1 시험 자재

   

     

VRM34

2 PART SYSTEM

RT

100 :42 wt

    120 oF 에서 1 hr

120 F (48.9 oC)

1200 cps @ 25 
o
C

220~250 cps @ 120 oF

370~470 cps @ 120 oF
after 3 hours

90oC : 2.5~4hr s

177oC(350 oF) : 2hrs

2.5~ 4hr@195oF

SYSTEM

Injection

Cure Cycle

DEGASING

Mixing

PROPERTY

Storage Temperature

Viscosity 

Gel 

2.2 시편 제작 
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Fiber Resin

1 sleeving VRM34 VARTM

2 VRM34 VARTM 0 deg 적층

3 VRM34 VARTM 90 deg 적층

4 Autoclave 250° F cure

비고

BMS8-256 Prepreg

Case

triaxial 

Material
Process

2.3 물리적 성질 시험 
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Case

Material

Process
Resin 

contents

Density

(lb/in3)

Areal 

Weight

(g/cm2)
Fiber Resin

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

Table 3. Test results of physical property

* 면적무게(Areal Weight)는 층(Ply) 당 값임.

2.4 기계적 성질 시험 

Table 4 Test cases of mechanical properties

5Fsi(Sh)ASTM D 2344층간전단시험(short beam)

5E fbu , Flex buASTM D 790굽힘시험(long beam)

5G12, FsuASTM D 3518전단시험(in-plane shear)

5E2, Fcu
ASTM D 695/
ASTM D 3410

압축시험(compression)

5E1, v12, FtuASTM D 3039인장시험(tension)

시편수시편수특성치특성치시험시험규정규정시험시험종류종류

5Fsi(Sh)ASTM D 2344층간전단시험(short beam)

5E fbu , Flex buASTM D 790굽힘시험(long beam)

5G12, FsuASTM D 3518전단시험(in-plane shear)

5E2, Fcu
ASTM D 695/
ASTM D 3410

압축시험(compression)

5E1, v12, FtuASTM D 3039인장시험(tension)

시편수시편수특성치특성치시험시험규정규정시험시험종류종류

Fig 8.은 기계적 성질 시험 수행 모습을 보여주고 있다.

  

Data Acquisition System   Tension/Shear test

    

Compression Test Flexible Test   

Interlaminar Shear Test

Table 5 Test results of mechanical strength 

Tensile
Strength

(ksi)

Compression
Strength

(ksi)

In-Plane
Shear

Strength(ksi)

Short Beam
Strength(ksi)

Long Beam
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 9.498 135.794

Case

RT
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Table 6 Test results of mechanical stiffness  

Tens ile
Modu lus

(ms i)

Compres s ion
Modu lus

(ms i)

In-P lane  Shear
Modu lus

(ms i)

Lo ng Beam
Modu lus

(ms i)

1 8.946 9.789 0.752 5.864

2 6.538 7.023 3.122 5.097

3 6.333 5.309 3.122 5.735

4 8.306 7.900 0.435 7.330

Cas e

RT

 

3.1 윈도우 프레임 형상 및 제작 방법

    

Fig. 9 Window Frame Profile & Section 

View(unit=inch)

3.2 재질 및 물성치

물성치 sleeving triaxial 아크릴 alum.

E1(msi) 8.946 6.538 0.4125 10.3

E2(msi) 8.946 6.333

G12(msi) 0.752 3.122

v12 0.108 0.309 0.3 0.3

Xt(ksi) 52.4 67.25 60

Xc(ksi) 90.372 81.846 55.5

S(ksi) 19.024 34.2 34

ρ(lb*s2/in4) 0.0514 0.0519
0.10

1

* alum : 7075-T73 die forging

3.3 유한요소 모델

Fig. 10 Preforming and analysis configuration 
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Fig. 11 Finite element type

  

3.4 설계요구조건

Fig. 12 B777 Aerodynamic Smoothness

3.5 해석 방법 및 결과

  

Fig. 13과 Table 8은 에 대한 결과를 보

여 주고 있는데, 여기서 opt는 고려중인 프리폼 방법으로 

작업할 때의 각각의 플랜지의 적층 수를 나타내고 있다

    

   (a) Margin of safety    (b) Deflection

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

Table 8 Result of Sleeving Braider

inner outer lower inner outer lower MIN M.S
1 18 18 12 4.39 1.91 13.5 1.91 3.922 0.0241
2 16 16 8 3.56 1.51 10.3 1.51 3.258 0.0315
3 14 14 8 2.83 1.24 8.21 1.24 2.936 0.0404
4 12 12 8 2.2 1.05 6.6 1.05 2.615 0.0521

opt
ply 수 Margin of Safety for each flange weight

(lb)
deflection

(in)
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 Fig. 14와 Table 9는 에 대한 결과 값

이며, opt 2 까지 만족시킴을 알 수 있다.

   

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

Table 9 Rresult of Triaxial Overbraid  

inner outer lower inner outer lower MIN M.S
1 18 18 12 3.97 2.08 13.9 2.08 3.960 0.0175
2 16 16 8 3.16 1.58 10.3 1.58 3.289 0.0232
3 14 14 8 2.46 1.25 8.11 1.25 2.965 0.0304
4 12 12 8 1.86 0.988 6.32 0.988 2.640 0.0401

ply 수 Margin of Safety for each flange weight
(lb)

deflection
(in)

opt

    

Fig. 15 M.S. and deflection of aluminum

Table 10 Result of Aluminum

    

inner outer lower inner outer lower MIN M.S
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
3 0.28 0.28 0.16 3.05 0.24 8.20 0.24 5.770 0.0218
4 0.24 0.24 0.16 2.19 0.07 5.96 0.07 5.138 0.0294

thickness Margin of Safety  for each flange weight
(lb)

deflection
(in)

opt

Table 11 Comparison of each results

inner outer lower
1 18(0.36) 18(0.36) 12(0.24) 3.922 3.960 7.707 1.91 2.08 0.72 0.0241 0.0175 0.0122
2 16(0.32) 16(0.32) 8(0.16) 3.258 3.289 6.401 1.51 1.58 0.44 0.0315 0.0232 0.0164
3 14(0.28) 14(0.28) 8(0.16) 2.936 2.965 5.770 1.24 1.25 0.24 0.0404 0.0304 0.0218
4 12(0.24) 12(0.24) 8(0.16) 2.615 2.640 5.138 1.05 0.988 0.07 0.0521 0.0401 0.0294

sleeving triaxial alum

deflection(in.)

alum

M.S
opt

ply수
[thickness(in.)]

sleeving triaxialsleeving triaxial alum

weight(lb)

Comparison of Weight
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Fig. 16 Comparison of weight 
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Fig. 17 Comparison of margin of safety

Comparison of Deflection
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Fig. 18 Comparison of deflection
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5. 결  론
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