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Abstract

This study using ABAQUS investigates the nonlinear vibration responses when thermal and random acoustic
loads are applied simultaneously to the stiffened composite panels. The nonlinear vibration analyses are performed
with changing the number of stiffeners, and layup condition of the skin panel. The panel and stiffeners both are
modeled using shell elements. Thermal load (AT) is assumed to have the temperature gradient through the
thickness direction of the stiffened composite panel. The random acoustic load is represented as stationary
white-Gaussian random pressure with zero mean and uniform magnitude over the panels. The thermal postbuckling
analysis is conducted using RIKS method, and the nonlinear dynamic analysis is performed using Hilber-Hughes-
Taylor time integration method. When AT = 25.18 °C and SPL = 105 dB are applied to the stiffened composite
panel, the effect of the number of stiffener is investigated, and the snap-through responses are observed for
composite panels without stiffeners and with 1 and 3 stiffeners. For investigation of the effect of layup condition
of the skin panel, when AT = 38.53 °C and SPL = 110 dB are applied to the stiffened composite panel, the
snap-through responses are shown when the fiber angle of the skin panel is 0°, 30°, and 60°.
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Fig. 1. Schematic diagram of stiffened composite panel
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Table 1. Material properties of Graphite/Epoxy!®

Property Value
E; (GPa) 155

Young’s modulus
E, (GPa) 8.07
G2 = Gyi3 (GPa) 4.55

Shear modulus
Gy (GPa) 3.25
Poisson’s ratio Vi2 0.22
Thermal expansion | % (<10%°0) -0.07
coefficient o (XIO_G/OC) 30.1
Density p (kg/nr) 1550
Skt A e 7183 A A23d Al62(20201 12€) /535
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Table 2. Validation of natural frequency (Hz) analysis
of composite panel with 3 stiffeners

Mode Ref. [8] Present Error (%)
1 47.485 49.315 3.86
2 102.677 107.763 4.95
3 158.687 161.694 1.90
4 187.907 193.099 2.76
5 213.071 223.652 4.97

Fig. 2. Thermal gradient distributions!®’
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Fig. 3. Validation of thermal postbuckling analysis
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Fig. 4. Mode shapes and critical temperatures of
stiffened composite panels in terms of
number of stiffeners
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Fig. 5. Thermal postbuckling analyses of stiffened

composite panels using different number of
stiffeners
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Fig. 6. Nonlinear vibration responses of stiffened
composite panels with different number of
stiffeners
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Table 3. RMS reduction ratios (%) of displacement
(Weenter/C) of composite panels with different
number of stiffeners

No. of stiffeners RMS RMS decrease (%)
0 0.805 0.0
1 0.728 9.67
3 0.678 15.86
5 0.641 20.42
7 0.603 25.11
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Table 4. Critical temperatures (AT,) of stiffened
composite panels considering different layup
conditions of skin panels

Fiber angle (8) Critical temperature (ATe)
e | e

0° 11.653 °C

30° 13.176 °C

60° 15.782 °C

90° 16.835 °C
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Fig. 7. Thermal postbuckling analyses considering
different layup conditions of skin panel
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Fig. 8. Nonlinear vibration responses of stiffened

composite panels considering different layup
conditions of skin panels

Table 5. RMS reduction ratios (%) of displacement
(Weenter/C)  Of  stiffened composite panels
considering different layup conditions of skin

panels
Fiber angle (©) RMS RMS decrease (%)
0° 1.256 0.0
30° 1.112 11.50
60° 0.890 29.18
90° 0.751 40.23
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