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Entrance to numerical analysis

For vibration simulation of complicated structures, numerical
methods are used.

0.Preparation : vibration in a string
1.Energy methods

1) Rayleigh method

2) Ritz method

2.Discrete methods
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From the equilibrium between the vertical component of the
tension and the inertial force acting on the small part:
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Assuming the maximum stress without failure P....., the

maximum propagation speed of ¢
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can be defined.
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Maximum speed of electric train

Max. safety stress in the feeding line, P,

Speed of the train should be smaller than the wave propagation to
keep stable contact between the feeding line and the pantograph.
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Strength of materials

Duralumin A2017 =500 MPa,  S-duralumin A2024=323 MPa
SS-duralumin A7075=505 MPa, Steel S45C=727 MPa
Stainless steel SUS304=205 MPa, T1=800 MPa

Max speed of the train: SUS304->580 km/h; A7075->1500 km/h



Energy method 1
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Assume a displacement function:
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Energy method 2:
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Assume the displacement as below:
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Discrete method

Example: deg. of freedom = 2

X1 Xy

K ‘_'c
\ m m

ERIRTRIL

Displacement vector
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Mass matrix

Elastic matrix
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Harmonic case, matrix expression
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Discrete method
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Eigen values= resonance frequencies
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< Eigen vector = vibration mode
T X = A Lower mode
\.—— X, =—X, Higher mode



Sound speec |n the dlscrete method (1/2)
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Sound speed In the discrete method (2/2)
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Question:
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Assuming the displacement function as below, find the
second resonance frequency using the Rayleigh method.
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Displacement function: y = ax(l* — x*)
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