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Abstract

Stiffened panels are the structure used in the aircraft wing skin panels. Stiffened panels are often critical in compression load due to its
thin structural configuration. This paper is the continuation of the previous work which was focusing on the theoretical aspect. This paper
will explore the Finite Element Analysis of the multi-configuration structure of the stiffened panels. Using ANSYS Workbench, the pro-
cess of drawing the geometry, meshing the model, setting up the boundary conditions, running the program, and obtaining the results
were performed. The loads to apply were obtained from the previous research. The results of the FEA shows the critical locations in the
stiffened panels such as distortions, deformation, and the stress distributions.
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1. Introduction .. .
3. Finite Element Analysis Process

The objective of the study is to analyze the stress distribution of . )
the multi configuration stiffened panels under axial loads based on ~ Using Ansys Workbench, the four cases of the solid model of the
the critical load obtained in the previous study [1] using Finite  configurations were produced as can be seen in the Fig. 1.
Element Analysis [2]. Stiffened panels are widely used in struc-
tures especially in vehicle such as aircraft, ship [3], high-speed
train, steel bridges, and multi-segmented road vehicles. This study
however, focused on aircraft structures, where stiffened panels are
widely used in the bulkhead of aircraft fuselage and the wing skins
and wing ribs [4]. In the similarity study [5-7], the research is
more focused on the wing upper skin panels since the upper skin
panels experience compression [8] loads while the lower skin
panels experience more tensile loads. After the completion of this
FEA, the study will be an experimental with embedded sensors [9,
10].

As in the previous study, the material of this study is also alumi-
num alloy 2024-T3 which has the Young Modulus 70 GPa or 70.0
x 10° N/m? and Poisson ratio of 0.33.

2. Methodology (0). Case 3 (d). Case 4

Fig.1: Cases of Multi-configuration stiffened panel.

In this paper, there are four (4) cases being studied. The size for
each case is 100 mm x 100 mm. Each case has four (4) L-shaped
stiffener having dimension of 25 mm x 25 mm. This condition
will make each case having the same cross-sectional area, but each
different configuration will have different moment of inertia, | as
can be seen in Fig.1 a, b, ¢, and d. Even though the moment of
inertia for Case 3 equals to Casel, and Case 4 equal to Case 2, the
moment of inertia and the cross-sectional area for cases 3 and 4
will be different because there is a hole in the middle of the panel.

3.1 Meshing

In order to do the FEA, the model has to be meshed, applying the
loads and setting the boundary conditions. By using ANSYS
Workbench software v 15.0, the solid models were automatically
meshed using solid either SOLID185 or SOLID186 quadrilateral
element for Case 1 and Case 2 while triangular solid element for
Case 3 and Case 4. Fig.2 shows the meshing figures of the cases.
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the maximum deformation was only 0.398 mm each side of the x-
axis.

t
Case 3 Case 4
Fig. 2: Meshing of all cases.

3.2 Applying Load and Boundary Condition
The next process in the FEA is loading and boundary condition. Fig. 5: Isometric view contour plot of FEA result of Case 1.
The specimen is subjected to compressive axial loads and the di-
rection of the load applied is axially parallel to the direction of the
stiffener and can be seen in Fig.3. In the Figure the dashed line is
the line (direction of the stiffener).

Y

Fig. 6: Isometric view contour plot of FEA result of case 2.

Fig. 4: Axis orientation of the stiffened panel.

The load applied was 1.185 GPa along the top edge (refer Fig 3)
and the bottom edge was pin supported in x and y axes. As can be

seen from Fig 4, the whole surface is covered by the skin that lies Fia.m7: Case 3: Isometric view.
along the x axis, and also the four (4) stiffeners which have flang-
esin x and y direction.

—><

4. Results and Analysis

The results of FEA from the study was contour plot analysis only
and the deformation of each case was observed.

Fig. 5 shows the contour plot of Case 1. The stress being viewed
was the normal stress about x-axis. In this figure it could be con-
cluded that this configuration is strong and good configuration.
Fig. 6 shows the contour plot of Case 2 configuration. The contour
plot being viewed in this figure was deformation about x-axis. The
variation of color in this figure where extreme red on one side and
extreme blue on the other side are just coordinate system where

Fig. 8: Case 3: Top view of normal stress.
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Fig. 9: Case 3: Side view of x direction deformation.

Fig.7 — Fig 9 presented to deformation and the normal stress for
Case 3. From the figures, for this stiffened configuration panel, the
maximum deformation was 18.48mm and occurred at the area
where there was a hole at the middle of the panel. From Fig. 8, the
stress can be seen highest at the edge of the hole in y-axis where
1483.6 MPa was recorded. However, when observing Fig. 9, there
was only a little physical deformation neither in positive y direc-
tion nor negative y direction.

Fig. 10: Case 4: Isometric view.

Fig. 11: Case 4: Top view of normal stress.

Fig. 12: Case 4: Front view of total deformation.

Fig. 10 — Fig 12 presented the deformation and the normal stress
for Case 4. From the figures, for this configuration, the total de-
formation was only 3.041 mm (Fig.10). However, the maximum
normal stress was found to be 1722.5 MPa (Fig. 11), higher than
the one found in the Case 3 (Fig. 8). Due to this higher stress, the
stiffened panel was distorted more as can be seen in Fig. 12. In the
figure, the distortion occurred mostly the region where there was a
hole in the flat part of the panel. As can be seen, the two stiffeners
in the middle of the panel distorted more than the outer two.

5. Conclusion

This paper has presented the Finite Element Analysis of the multi-
configuration stiffened panels normally used in the aircraft’s wing
section. From the analyses, it could be said that the Case 1 and
Case 3 were suitable to be used in the skin of the wing, because
the deformation occurred along and towards inside of the panel
(with reference that the stiffener’s side is the inside). Case 2 and
Case 4 were suitable to be used in the rib component of the wing
due to the nature of the deformation of the panel being on both
sides of the configuration.
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