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Stiffener Modeling for Rectangular Plates Employing the Dirac’s Delta Function
and Modal Analysis
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Abstract

The effects of stiffeners on the modal characteristics of rectangular plates are investigated. A modeling
method for the modal analysis of rectangular plates with stiffeners is presented. A mass density Dirac’s delta
function is used to idealize the stiffeners mathematically. The equations of motion for the plates are derived
and transformed into a dimensionless form. To confirm the accuracy of the method presented in this study,
numerical result are obtained and compared to those of a commercial program. The mode shape variations
due to some parameter variations are also exhibited.
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Table 1 Natural frequencies of a plate with a chordwise
stiffener (center of the plate)

Mode | Present [Hz] | ANSYS [Hz] { Error (%)
1 2.01 2.00 0.50
2 4.89 4.84 1.03
3 12.1 11.9 1.68
4 17.5 16.9 3.55
5 17.5 17.1 2.34

Table 2 Natural frequencies of a plate with a chordwise
stiffener (end of the plate)

Mode | Present [Hz] | ANSYS [Hz] | Error (%)
1 1.88 1.87 0.53
2 471 4.66 1.07
3 11.8 11.6 1.72
4 171 16.7 2.40
5 19.6 19.0 3.16

Table 3 Natural frequencies of a plate with a spanwise
stiffener (center of the plate)

Mode | Present [Hz] | ANSYS [Hz] Error (%)
1 2.51 2.49 0.80
2 4.96 4.91 1.02
3 14.0 13.6 2.94
4 16.6 16.2 2.47
5 18.1 17.7 2.26
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Table 4 Natural frequencies of a plate with chordwise
and spanwise stiffeners

Mode | Present [Hz]) | ANSYS [Hz] | Error (%)
1 2.49 2.47 0.81
2 4.89 4.84 1.03
3 14.5 14.2 211
4 17.3 16.8 2.98
5 175 17.1 234
—
(a) g/h = 0 (No stiffener)
L
b)gh=4
N-—
L
(c)gh=8
Fig. 3 Mode shape variations with chordwise

stiffeners
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Table 5 Non-dimensional natural frequencies for the
thickness of chordwise stiffeners

Table 6 Non-dimensional natural frequencies for the
thickness of spanwise stiffeners

Mode glh=0 glh=4 g/h=8 Mode gh=0 glh=4 glh=8
1 3.49 3.46 3.44 1 3.49 4.32 7.75
2 8.53 8.41 8.30 2 8.53 8.53 8.53
3 214 209 20.4 3 214 241 26.0
4 273 30.1 292 4 273 285 311
5 31.1 30.2 35.8 5 311 31.1 35.0
I ]
Jj—
——]
] (@ y=05
(a) g/h = 0 (No stiffener) ]
~ —
e (b) y=1.0
®) gk =4 Fig. 5 Mode shape variations for the location of
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Table 7 Non-dimensional natural frequencies for the
_ location of chordwise stiffeners

Mode | y=0.5 y=0.6 y =0.8 y=1
1 3.46 3.44 3.35 3.24
2 8.41 8.35 8.21 8.11
3 20.9 21.2 21.7 20.3
4 30.1 305 311 29.4
5 30.2 31.7 34.3 33.7
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