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Abstract: In this study, the dynamic contact of a catenary system is analyzed by using the finite element method. We
derive the equations of motion for the catenary system by taking into consideration tension on the catenaries. After
establishing the weak form, they are spatially discretized with beam elements. Then, we analytically calculated the
wave propagation speed for a string, bar, beam, and the catenaries subjected to tension. Further, finite element computer
program for contact dynamic analyses is developed. Finally, we analyze the wave propagation response corresponding
to the moving load to the contact line are calculated.
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Table 1 Material Properties of numerical example 1

)
ofo

Young’s Density Area |Length nitial
modulus gap

10°N/m* 107 kg/m’ |1m* [10m 0.02m
v, =1.0(m/s) v, =1.0(m/s)
) =
Body 1 | Body2 |
< > < N |
[ g | J |

Fig. 1 First Numerical example for verification of the
contact-impact algorithm
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Table 2 Peak value time and period of the shock wave

Peak Time (s) Deviation Hz

1™ peak 0.04712

0.01954 51.17
2" peak | 0.06666

0.01932 51.75
3“peak | 0.08598

0.01962 50.96
4% peak | 0.10560 S

0.015

0.01K
0.005\

-0.005+ ’ AN

Position(m)
o

-0.01Y S

-0.015 S

_0.02 I I . .
0 0.01 0.02 0.03 0.04 0.05

Time(d=0.0002)

Fig. 2 Position of the contact points each body. Solid
line: Right bar; dashed line: left bar
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Fig. 3 Velocity of the contact points each body. Solid
line: Right bar; dashed line: left bar
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Table 3 Material Properties of numerical example 2

Young’s Density Area |Length Initial
modulus gap

10°N/m* | 10 kg/m® [1m* | 10m | 0.1m
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Fig. 4 Contact force variation during the impact
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Fig. 5 Second Numerical example for verification of the
contact-impact algorithm
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g. 6 Contact force variation during the impact
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Fig. 7 Displacement variation of the upper beam during

the impact
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Fig. 8 Displacement variation of the lower beam during

the impact
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Table 4 Material Properties of the simulation model

Properties Value unit

Young’s modulus 1.30x10" N/ m?

9.60x107"° kg m®

Mass moment of inertia

Area 1.10x107* m’
Tension 2.00x10* N
Density 1.24x10* kg /m
Length 5.00x10' m
| 1m | 49m
o~
‘ Tension

— Velocity

RN

Uplift force

Fig. 9 Simulation model for the verification of the
analysis program in the tensioned beam
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Fig. 10 Contact forces between the moving mass and the
tensioned beam when the velocity is 0 m/s and
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Table 5 Peak value time and period of the shock wave

Deviation | Travelling Hz
Time (s) |Distance (m)

Peak | Time(s)

1" peak | 0.83

0.83 100 120.5
2" peak| 1.66

0.83 100 120.5
3" peak| 2.49

0.82 100 121.9

4" peak | 3.31
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Fig. 11 Contact forces between the moving mass and the
tensioned beam when the velocity is 55 m/s
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Fig. 12 Contact forces between the moving mass and the
tensioned beam when the velocity is 120 m/s
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Fig. 13 Contact forces between the moving mass and the
tensioned beam when the velocity is 180 m/s
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Table 4 Material Properties of the simulation model

Properties Value unit
Young’s modulus 1.30x10" N/m’
Mass moment of inertia 9.60x10™* kg m’
Area 1.10 m’
Density 1.00x10° kg | m’
Length 5.00x10' m
Dan f "ml Velocity

o—

I |
Im 49m

Fig. 14 Simulation model with moving load in the simple
supported beam
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Fig. 15 Displacement at the middle span of the beam for
the moving load velocity 10m/s
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Fig. 16 Displacement at the middle span of the beam for
the moving load velocity 30m/s
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Fig. 17 Displacement at the middle span of the beam for
the moving load velocity 50m/s
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