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IMPROVEMENT OF NEURAL NETWORK
FOR DYNAMIC RESPONSE OF RAILWAY TRACK
AND ITS APPLICATION TO IDENTIFICATION OF UNKNOWN PARAMETERS
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Enhancement of neural networks (NN) is attempted for the reproduction of dynamic response
of railway track. In order for NN to reproduce the response with good accuracy, a spectrum
ratio is represented by its size and profile in the NN. Moreover, employment of the logarithm
of the size provides relative accuracy independent of the size. Numerical examples are
presented to demonstrate the validity of the proposed method. The developed NN is used in
an indentification method that is constructed by means of the genetic algorithm, and good

results are obtained.
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Fig. 1 Modeling of wheels and track.
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Fig. 2 Hierarchical neural network.
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Table 1 Learning data.
n  (kNs/m) || 100 300 500 700 900

ns  (kNs/m) || 10 30 50 70 90
G, (MPa) | 30 45 60 75 90
G. (GPa) | 19 20 =21 22 23
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Fig. 3 Spectrum ratio of basement/rail for
(1, ns, Go, Ge) = (900, 10, 90, 23).
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Fig. 5 Coupled mesh for the sleeper support.
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Table 2 Parameters of wheel, rail, sleeper and pads.

weight of car body Py (kN) 36.75
mass of wheelset my (kg) 350
spring const. kp (MN/m) 2000
frexural rigidity of rail EI  (MN-s/m) 4
mass of rail pA (kg/m) 50
spring const. of railpad k (MN/m) 110
spring const. of sleeperpad ks (MN/m) 9
elastic modulus of sleeper E,. (MPa) | 2 x 10*
mass of sleeper W, (kg) 205
elastic modulus of PC steel Fs, (MPa) | 1.9 x 10°
Table 3 Parameters of sleeper suport.
ballast | density b (kg/m3) | 1667
Poisson’s ratio vy 0.3
ballast | density pm (kg/m?) | 1227
mat longitudial wave vel.  Vipp (m/s) | 70.65
trasverse wave vel. Vins (m/s) | 49.96
shear modulus Gm  (MN/m?) | 3.06
concrete | density Pe (kg/m®) | 2300
Poisson’s ratio Ve 0.2
ground | density Py (kg/m®) | 1420
longitudial wave vel. Vg, (m/s) 928
trasverse wave vel. Vys (m/s) 270
shear modulus Gy, (MN/m?) | 103.5
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Table 4 Structure of neural networks.
Input Hidden Output
Casel 4 16 14
Case2 NN; 4 23 2
NNs 4 17 12
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Fig. 6 Reproduction of spectrum ratio by NNs for
(n, ms, Gy, Ge) = (900, 10, 90, 23).
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Fig. 7 Reproduction of spectrum ratio by NNs for
(n, ns, Gv, Ge) = (800, 40, 100, 23.5).

Table 5 Comparison of accracy.

fo1 foj
Casel | 182% 6.6%
Case2 | 7.0% 3.3%
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Table 6 Identification by GA with various NNs.

n Ns Gy Ge

Test1 800 40 100 23.5
Conv.NN | 796.33  34.887  104.53  23.084
(-1%)  (-13%) (+5%)  (-2%)

Casel | 793.59  39.128  98.534  23.522
(1%)  (2%)  (:2%)  (0%)

Case2 | 821.71 39.620 98.658  23.620
(+3%)  (-1%) (-1%) (+2%)

Test2 600 80 25 18.5
Conv.NN | 599.99  85.876  15.836  21.403
0%)  (+7%) (-37%) (+16%)

Casel | 622.11 88.976  20.344  21.370
(+4%) (+11%) (-19%) (+16%)
Case2 | 606.04 81.079  21.001  20.527
(+1%)  (+1%) (-16%) (+11%)

Test3 600 40 65 21
Conv.NN | 590.41 38.073 67.891  20.551
2%)  (-5%)  (+4%)  (-2%)

Casel | 605.63 40.242  65.392  20.895
(+1%)  (+1%)  (-1%) (-1%)

Case2 | 595.80  40.091  64.246  20.990
(1%) (0%  (-1%)  (0%)
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