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Abstract

This paper presents a novel geometric modeling technique to predict the mechanical properties of an aircraft
wing's skin-stringer integrated panel. Due to mechanical and adhesive fastening, this panel is vulnerable to stress
concentration and debonding, so we designed it to integrate the skin and stringer using three-dimensional woven
composites. Geometric modeling was conducted by measuring the geometric parameters of the specimen and
defining the pattern of the yarns as functions. We used a weighted average model with iso-strain and iso-stress
assumptions to predict the mechanical properties of the panel parts. We then compared the results of a finite
element analysis with a compression test to verify the accuracy of our model. Our proposed technique proved to
be more efficient than the traditional experimental method for predicting the mechanical properties of skin-stringer
integrated panels.
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Table 5 Comparison with Predicted Values and Test Results of Stiffness/Poisson’s Ratio

70 Tensile [GPal 2 ShearGl[QGPa] Fiber Volume Fraction [%]
Test value 66.54 63.26 4.09 50~52
Predicted value 63.66 64.11 3.78 50.02
Error [%] 4.33 1.34 7.58 -

Table 6 Stiffness and Poission’s Ratio of the Each Part in the Skin-Stringer Integrated Panel Structure

El E2 E3 G12 G13 G23
Vig Vas V31
[GPal [GPal [GPal [GPal [GPal [GPal
Skin 1 42.1366 | 40.5793 | 10.0530 | 2.7146 3.3644 2.7677 0.0580 0.4655 0.1280
Skin 2 47.9384 | 44.5638 | 10.7635 | 2.9513 3.7221 3.0144 0.0549 0.4533 0.1192
Web 39.0636 | 37.4592 | 9.6343 2.5818 3.1808 2.6303 0.0612 0.4732 0.1334
Flange 35.3536 | 30.7437 | 8.8612 2.3307 2.7481 2.3718 0.0721 0.4917 0.1348
Flange
60.9799 | 59.3798 | 12.1583 | 3.2841 4.0245 3.3484 0.0473 0.4536 0.1012
bifurcation
Skin—-Web
74.7281 | 63.2567 | 13.5856 3.770 5.6679 3.8643 0.0435 0.433 0.0976
bifurcation
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