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Fig.1  Flexural vibration model of an Euler beam on Winkler foundation
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Fig.2 A micro segment of the Euler beam on Winkler foundation
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Table 1  Properties & parameters of model materials
elastic modulus ~ Poisson’ s ratio density section width section height length
material
E /Pa v p/(kg-m™) b/m h/m [/m
aluminum 7.756x10'° 0.352 2730 0.01 0.01 0.075
€epoxy 0.435x10'"° 0.368 1180 0.01 0.01 0.075
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Fig.3 Band structure of the Euler beam under actions of axial tensile force and elastic foundation
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Fig.4 Band structure of the Euler beam under actions of axial compressive force and elastic foundation
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Fig.5 Flexural vibration properties simulation diagram of the Euler heam on Winkler foundation
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Fig.6  Propagation properties of Euler beam under actions of different axial tensile forces
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Table 2 Vibration damping area & band gap range of the Euler beam under

actions of elastic foundation and different axial tensile forces

axial force band gap of finite periodic structures f/Hz band gap of infinite periodic structures f/Hz
N/N  foundation first band second band foundation first band second band
0 0~180.1 434.1~596.7 1744.2~3 023.6 0~180.0 440.0~601.0 1752.5~3023.3
500  0~180.7 476.8~626.1 1785.9~3 056.1 0~180.0 483.7~624.4 1792.6~3 053.7
1000 0~180.3 515.9~651.5 1 825.3~3 090.3 0~180.0 522.8~646.6 1832.4~3 083.3
1500 0~180.5 552.6~674.1 1865.9~3 111.1 0~180.0 559.4~668.3 1871.2~3 112.6
1888  0~180.7 579.5~691.9 1894.8~3 133.1 0~180.0 586.2~684.5 1900.5~3 134.9

Winkler #i3EAYFEPR 280 K = 2.5 x 107 N/m?> Al a1 17 7 (4R I RGCR A A5 4 Bt 3R 30 808 X
BHAT [0 B AR AL S Ra 3 A BT B2 R4 AE 0~ 180 Hz 33X il P AR 8 0 X 3, 4R 3 2 01X
B K /INAS Bt Bl 7 % 458 A Ak (EL R 50 50 el i (B e o 38 i i 1 K

F3 RET

Table 3 Error analysis

foundation band gap error first band gap error second band gap error
axial force o /(%) o) /(%) oy /(%)
N/N
cut-off value  band gap width  starting value  cut-off value ~ band gap width  starting value  cut-off value  band gap width
0 0.0 0.0 1.3 0.7 1.0 0.5 0.0 0.7
500 0.4 0.4 1.4 0.3 6.1 6.7 2.4 0.7
1 000 0.2 0.2 1.3 0.7 9.5 0.4 0.2 1.1
1 500 0.3 0.3 1.2 0.9 11.5 0.8 0.0 1.0
1 888 0.4 0.4 1.1 1.1 14.2 0.3 0.0 0.3
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Fig.7 Propagation properties of the Euler beam under actions of different axial compressive forces

Table 4  Vibration damping area & band gap range of the Euler beam under

actions of elastic foundation and different axial compressive forces

axial force

band gap of finite periodic structures f//Hz

band gap of infinite periodic structures f/Hz

N/N foundation first band second band foundation first band second band

0 0~180.1 434.1~596.7 1744.2~3 023.6 0~180.0 440.0~601.0 1752.5~3023.3
-500 0~177.6 386.6~562.5 1701.5~2992.2 0~177.8 393.3~576.6 1710.4~2993.2
-1000 0~168.5 331.6~559.3 1 658.0~2 960.5 0~167.9 339.2~550.8 1 667.8~2 962.4
-1500 0~148.1 267.2~533.1 1613.2~2915.1 0~147.2 274.5~524.1 1623.9~2931.2
-1888 0~118.8 203.4~511.9 1 577.4~2 892.5 0~117.9 211.2~502.1 1 588.8~2 906.3

Winkler #3935 R 250 K = 2.5 x 107 N/m>. i1 ] ST BEAR 2 0 NI EE 45 B3 2 A1 111

B Bl , Y B T WA G I 0~ 180 Hz X 1~ P PN 114 5 Jik X 3k, it il 3 140 33 o v ik /)

, HA

3 okl L B ot ) T T g3 ar i ) , -5k 1 3 A FH S AR AT

x5

WIS

Table 5 Error analysis

foundation band gap error

axial force

first band gap error

second band gap error

e, /(%) &, /(%) &5/ (%)
N/N
cut-off value  band gap width starting value  cut-off value  band gap width  starting value  cut-off value  band gap width

0 0.0 0.0 1.3 0.7 1.0 0.5 0.0 0.7
-500 1.7 1.7 1.7 2.4 4.0 0.5 0.0 0.6
-1 000 0.2 0.2 2.2 1.5 7.6 0.6 0.0 0.6
-1 500 0.3 0.3 2.6 1.7 6.5 0.6 0.5 0.4
-1 888 0.4 0.4 3.6 1.9 3.7 1.9 6.0 0.7
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Research on the Vibration Property of the Beam on
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Abstract . Axial loads imposed on the structure influence the vibration properties and cause the
change of vibration resistance functions. Theory about the band gap properties of phononic
crystals (PCs) were used to study the flexural vibration band gaps of an Euler beam on elastic
foundation. A flexural vibration model of the infinite periodic PCs Euler beam was established,
which was under the actions of axial force and Winkler foundation. A modified transfer matrix
(MTM) method was applied to calculate the band structure of the beam. The change tendency
of the band structure were estimated on the basis of the band structure. Results show that axial
loads influence the band gaps and band frequency ranges. Axial tensile loads elevate the band
gap frequencies, but the base band gaps remain unchanged; axial compressive loads lower the
band gap frequencies, and the base band gap frequencies drop when the amplitudes of the com-
pressive loads increase. Meanwhile, the Euler beam model was numerically simulated, and the
results were matched with the analytical ones. Through adjusting the magnitude of the axial

loads, different band frequency ranges and effects of vibration reduction could be achieved.
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