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Effect of Hysteresis Damping on Vertical Vibration Band Gap
Characteristics of Periodic Track Structure
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Abstract:In order to explore the effect of hysteresis damping on the band gap of periodic track structure, the
ballasted track of was taken as an example, and the band gap characteristics were analyzed based on the energy
functional variational principle. By introducing hysteretic damping effect into rails, fasteners and track bed, the
variation of dispersion characteristics with damping of periodic ballasted track was studied. Furthermore, the vi-
bration transmission characteristics of the track structure under the effect of damping were explored. The results
show that the band gap range of the undamped track structure is consistent with the attenuation range of the vi-
bration response; the rail damping is very small and has little effect on the band gap of the track structure,
which can be ignored when calculating and predicting vibration; the damping of the fasteners slightly increases
the track structural band gap and has little effect on the overall band gap, but for the vibration response, the
dissipation effect of the fastener damping increases the vibration attenuation range within 150~500 Hz; the in-
crease of the ballast bed damping increases the first—order band gap range, but it decreases the second—order
bandgap range, in the vibration response, increasing the damping of the track bed can dampen the vibration of
the rail within 260 Hz.
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Tab.1 Ballasted track parameters at one characteristic period

Component Item Value Unit
Young’s modulus (Eg, ) 2.1x10" Pa
Moment of inertia (/) 3.217x107 m*
Density (pg) 7 850 kg/m?
Rail Section area(Ay) 77.45 cm’
Shear coefficient (kg) 0.4 -
Shear modulus(Gy) 8x10% Pa
Damping loss factor(ny) 0.01 -
Vertical stiffness (k) 75 kN/mm
Fastener
Damping loss factor(ny) 0.25 -
Mass (mg) 320 ke
Rail sleeper
The length of span(l,) 0.6 m
Vertical stiffness (ky,) 140 kN/mm
Track bed
Damping loss factor(7;) 1.0 -
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Fig.1 Periodic ballasted track calculation model
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Fig.2 Dispersion curves for an periodic ballasted track without damp
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Tab.2 Band gap of periodic ballasted track based on
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Tab.3 Comparison of band gap of periodic ballasted

track with dampness

Hz

Finite element Transfer matrix

Band gap  Energy method method method!®
First order 0~128.7 0~127.2 0~129
Second order  181.6~261.6 179.4~259 182~262

Third order 1 079.8~1 125.3 1 084.1~1 128.7 1 080~1 125

Band gap Energy method Finite element method
First order 0~143.3+52.5i 0~141.9+50.9i
Second ord 192.7+63.9i~ 190.7+62.4i~
OO 262.9+42.0i 260.5+41.9i
1 079.843.3i~ 1 084.2+5.6i~

Third order

1 125.4+14.3i 1 128.9+16.01
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Fig.4 Influence of fastener damping loss factor on band gap frequency
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Tab.5 Comparison of band gap of different fastener damping loss factors

Hz

Damping loss factor of fastener First order

Third order

Second order

0 0~128.74
0.05 0~128.76+0.34i
0.1 0~128.82+0.67i
0.15 0~128.92+0.99i
0.2 0~129.05+1.29i
0.25 0~129.21+1.57i

181.62~261.56

181.63+1.36i~261.62+5.73i

181.66+2.71i~261.80+11.46i

181.72+4.07i~262.09+17.171

181.80+5.42i~262.50+22.88i

181.90+6.77i~263.02+28.56i

1 079.83~1 125.29

1 079.83+0.00i~1 125.30+2.23i

1 079.83+0.00i~1 125.30+4.451

1 079.83+0.00i~1 125.32+6.68i

1 079.83+0.00i~1 125.33+8.911i

1 079.83+0.00i~1 125.35+11.13i
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Tab.6 Comparison of band gap of different track bed damping loss factors

Hz

Damping loss factor of track bed First order

Third order

Second order

181.62~261.56

182.03+12.17i~261.42+2.82i

183.22+24.18i~260.98+5.62i

185.13+35.89i~260.24+8.37i
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1 079.83+0.00i~1 125.30+0.00i
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0.2 0~129.57+11.42i
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0.6 0~135.73+32.93i
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1 0~146.25+51.701

187.65+47.21i~259.18+11.071

190.68+58.07i~257.80+13.661

1 079.83+0.00i~1 125.30+0.011

1 079.83+0.00i~1 125.30+0.01i
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Tab.7 Comparison of the results of transmission rate and
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Band gap Transmission rate Band gap
First order 0~129 0~128.74
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Third order 1 079~1 126 1 079.83~1 125.29
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