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Three-Dimensional Analysis of Composite External Fuel Tank Joint
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ABSTRACT

A composite-aluminum hybrid joint of composite external fuel tank of an aircraft has been analyzed by a
3-dimensional finite element method. Curvature and contact of the joint structure were considered in the
analysis. Yamada-Sun failure criteria was utilized for the failure evaluation. A finite element program
ABAQUS was used for the nonlinear contact analysis. The joint structure was predicted to be safe in both the

test and analysis.
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Fig. 1 External fuel tank configuration
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Fig. 2 Joint section details
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Table 1. Material property

DMS2288  S2 Epoxy  AL6061 .
GIE Winding -1 ‘dhesive
E\(MPa) 22200 52568 68300 1078
E;(MPa) 22200 40000
G)(MPa) 4350 5596
V2 0.125 0.248 0.33 0.28
X1(MPa) 250 1481 290
Xc(MPa) 299 675
S(MPa) 117 72 186 27
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Fig. 3 3D Finite Element Model For Joint Analysis
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Fringe. tension, Step1, TotalTime=1 - Stress, Componems-(NON-LAYERED) (XX)
Deform: tension, Step1,TotalTime~1.: Deformation, Dieplacements
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Fig. 4 Finite element analysis results
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Table 2. 8Ply composite failure results(Yamada-Sun)

Ply Number X, S (5 T2 R;
P1 25 117 -6.63 142 0.29
P2 250 117 20.1 3,78 0.09
P3 25 117 22.8 3.85 091
P4 250 117 332 474 0.14
P5 250 117 33.2 5.87 0.14
P6 25 117 358 12.8 1.44
P7 250 117 36.2 18.1 0.21
P8 25 117 42.8 18.1 1.72
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(c) Comp_8ply_deflection (d) Aluminum_deflection
Fig. 5 Deformed shapes

Fig.5 Aluminum_Von-Mises stress
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Fringe: tersion, Siep!, TotafTime=1.: Stress, Components {NON-LAYERED) {XX)
Detorm: tension, Step?, TolafTimes1.: Deformation, Displecemants

(a)ll

Fringe: tension, Step!, TotaTime«1. Stress, Components-{NON-LAYERED) (<X)
: Step1,TotaiTimaw}.: Deformation, Disptacements:

63400

(b) Ply2

Fringe: insion. Stp1.Totallime=1.: Stress, Componants-{NON-LAYERED) (XX}
Defonn: kangion, S1ep1, TotalTumne~1.: Detormation, Displacements
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(b) Ply7

Fringe: tension, Step1, TotalTime~ 1.: Sress, ComponentsNON-LAYERED) (XX}
Deform: tansion, Step1, TotalTime=1,: Deformation, Displacements.

(b) Ply8
Fig. 6 o, of 8ply composite part
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