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Abstract: The main purpose of this paper is to develop some numerical experiences based on
mechanical tests performed on a hybrid composite metal aeronautical structure using finite element
commercial codes (here NASTRAN). The results of the numerical simulations are consistent with the
laboratory tests and encourage us to continue to improve the models using NASTRAN capabilities to
obtain a realistic simulation of aeronautical structures made of such composites, taking into account
their special properties.
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1. INTRODUCTION

In this paper we consider numerical finite element simulations on some hybrid composite-
metal aeronautical structure comparing them with a similar metal structure. The results of the
numerical simulations are compared with laboratory tests in order to understand how these
hybrid structures can successfully replace the classical metal structures.

The numerical simulations are performed using the finite element analysis with
PATRAN/NASTRAN and compare the results of these simulations, both composite and
classical, with laboratory tests. In this paper we consider only experimental values of material
constantans.

2. FINITE ELEMENT SIMULATIONS
2.1 CAD Models of an aeronautical structure

To compare the hybrid structure with the classical structure we consider the normal
modes using the finite element analysis, and compare them again with the
experimental values. Figure 1 describes a geometrical representation of a hybrid panel.

In this analysis we use data expressed in N, mm, MPa. Panel dimensions are L=820mm,
1=620mm and with a mean radius of 286mm made by 7 plyes arranged 0-90-0, with aluminium
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2024 stiffening with: E=73100Mpa, v=0.33, p=2.78Kg/m*. The composite plate is modeled
using PATRAN/NASTRAN as in figure 2 and the evaluation is performed as usual in the

aircraft design [1, 2, 3, 4].
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Figure 1. Geometrical representation of a hybrid panel
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Figure 2. The FEM model of the layers of the hybrid panel
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3. MECHANICAL LABORATORY TESTS

The equipment used to test the hybrid structure are presented in figures, 3 and 4. The specimen
was excited with frequencies ranging from 6 to 160Hz with a 0.1 step and a stabilizer time of
3 seconds. Some results of the experience are presented in figure 5.
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Figure 4. The panel with the setup of the excitation forces
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Figure 5. Experimental normal modes

4. COMPARATIVE ANALYSIS OF THE NUMERCAL SIMULATIONS AND
THE LABORATORY TESTS

The panel is modeled with 2D shell elements (figure 6). For this simulation we did not consider
the assembly elements (the connection between the panel and stiffener frame is simulated with
a node on node link). The analysis is developed as mentioned before for a metal panel and a

hybrid composite metal panel.
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Figure 6. The finite element model panel and the metal reinforcement

The mass of the two panels is presented in figure 7.

Figure 7. Mass of the two panels

Table 1. Mass comparison

Metal Panel Modeled Composite Experimental Composite
3971 Kg 1.814 1.815

Comparatively, the first two elastic normal modes obtained with the finite element
analysis for the metal panel are described in figures 8, 9, and those of the hybrid panel are
described in figures 10, 11.

Figure 8. Elastic mode number 7 for the metalic panel 14.3Hz
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Figure 9. Bending mode number 8 for the metalic panel 17.90Hz

Figure 11. Bending mode number 8 for the Hybrid panel 9.80 Hz

The following table contains both the results of numerical simulations and laboratory
experiments.

Table 2. Comparison between numerical results and experimantal results

Metal Composite | Experiment for | Remarks
panel panel 7L Composite

panel 7L
MODES | Frequency | Frequency Frequency
[Hz] [Hz] [Hz]
Model 0. 0000 0. 0000 - These are rigid body modes used
Mode?2 0. 0000 0. 0000 - only for FEM validation.

Mode3 0. 0000 0. 0000 -
Mode4 0. 0000 0. 0000 -
Mode5 0. 0000 0. 0000 -
Mode6 0. 0000 0. 0000 -
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Mode7 14.30 9.62 7.7

Mode8 17.90 9.80 - The frequencies are too close to be
determined by testing, two set-up
excitation forces are needed

Mode9 37.33 23.73 21.5 The differences are produced by
the clamps

Model0 55.035 31.38 37.6 The differences are produced by
the clamps

Model 1 90.11 54.24 47.8 The differences are produced by
the clamps

Model2 112.44 67.53 50.2 The differences are produced by
the clamps

Mode13 166.25 100.45

NOTE: Experimental results are only for bending modes.
5. CONCLUSIONS

From table Table 2 we draw the following conclusions:

In this paper we present a comparison study between numerical simmulations and
experimental tests for vibrations of a hybrid structure.

The rigid body natural frequencies can not be determined by laboratory experiences..
The support structures influence the resonance frequencies from 0.01Hz to 10Hz.
The six rigid body frequencies determined by the finite ekement analysis (3
translations and 3 rotations) prove the consistency of the finite element model.

The low frequencies (below 100 Hz) are well determined by the laboratory tests.

The high frequencies are influenced by the slenderness of the panel.

The differences between the metallic sturcture and the hybrid composite structure are
given by the the fact that the composite panel is lighter and they have different
elasticity modulus. This may be evidence of the advantage of using hybrid structures
in some aircraft engineering projects.

The numerical simulation result and the experimental results are in good concordance
for the hybrid structure and we are encouraged to continue to improve the models
using NASTRAN capabilities to obtain a realistic simulation of aeronautical structures
made of such composites. This analysis may be developed using new configurations
of connections in numerical analysis and new configurations of tests.
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