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Effects of Stiffeners’ Cross Section Shape on Thin Walled Structures’
Vibration Fatigue Property

Liu Shuangyan, Tu Yuqgian, Miao Yinggang, Li Yulong
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Stiffeners’ cross section shape plays an important role on the vibration fatigue property of stiffened
panels. The vibration tests of two kinds of stiffened panels are carried out. The stiffened panels with L-shaped
stiffener and T-shaped stiffener are excited by base motion at the resonance frequency, respectively. The effects
of different stiffeners’ shape on the frequency and vibration fatigue life of thin-walled structures are studied ex-
perimentally, The possible mechanism is analyzed theoretically and the test process is validated by MSC soft-
ware. Based on the reasonable FEM simulation, the thin-walled stiffened panels are excited by a sinusoidal dis-
tributed load under two boundary conditions (fully clamped and simply supported) in MSC simulation. The
effects of stiffeners with six shapes (rectangle, L-shape, T-shape, I-shape, Z-shape and I[-shape) on the fre-
quency, stress distribution and vibration fatigue life of thin walled structures are discussed. In addition, the pre-
dicted study on the life of stiffened panel are carried out. The results show that the first natural frequency of
panel with Z-shaped stiffener is the maximum among all the configurations. The peak value of the stress oc-
curred at the same position. When the edges of the panel are fully clamped, the damage position occurred at the
two sides of the stiffener and the fatigue life of Z-shaped stiffened panels is the longest. When the edges of the
panels are simply supported, the damage position occurred at the center region of the panels and the L-shaped
stiffened panels had the longest life.
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Fig. 1 Sample dimension of three-bay stiffened panels
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Fig. 2 Stiffeners’ cross section shapes used in experiment
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Table 1 Ingredient list of alumimium alloy

BRESE/%
b
Si Fe Cu Mn
2024-T3 0.5 0.59 3.5~4.9 0.3~0.9
LY12CZ 0.5 0.59 3.5~4.9 0.3~0.9
BRESE/%
b
Mg Cr Zn Ti
2024-T3 1.2~1.8 0.1 0.25 0.15
LY12CZ 1.2~1.8 0.1 0.25 0.15

RE PRI R h 45 SWE R, 48 a.b
PR, INE 3 Brn . a i@ 8 #i M12 R %
FEEERS S 6L RS K P RE
XA 2 #ori ERE, ZFHIR b HLE T
B LT 20 A M8 Lk N AR R R a #a,
WEMER b HoEE, EUNWAEZKWHR
&1F

(b RE b WA ZER

B3 ARG M TR B 5T IR BT AR B

Fig. 3 The clamps used in vibration fatigue experiments
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Fig.4 Diagram of experiment process
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Fig.5 Shaker and thin-walled panel
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Table 2 Experiment results of samples on vibration fatigue
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Fig.6 T-shaped stiffened panel model
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Table 3 Comparison between natural frequency and

(D

vibration fatigue life of thin-walled panels

B BUTE  S%LE  REEY B —BrEABR/ RBBST Ff /s
% m o N .
%/ Mz f/s f/s /s WRE MBE BE/% WRE EBE BB/%
AR 298. 00 4 376.9 6 843.1 5 655 AR 298. 0 292.2 —1.90 5 655 6 990 23. 60
L Bhn gt 365,18 4 477.9 6 099. 3 5490 L Bhnfitk 365. 2 395.8 —4.60 5490 5 770 5.10
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Fig. 7 Ichnography of six stiffeners’ cross section shapes
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Fig. 9 Stress distribution contour of I-stiffened

panels at fully clamped and simply supported
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Fig. 10 Logarithmic histogram of vibration fatigue life
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