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Investigating Natural Frequency Analysis and Measurement
of Railway Vehicle to Avoid Resonance
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ABSTRACT

This paper deals with the natural frequency analysis and two experiments to evaluate first twisting

and bending natural frequency of railway vehicle. The KS R 9228 testing method is generally per-

formed as pseudo FRF(frequency response function) which is widely used by two accelerometers.

The exciting method is utilized using the load weight(1 ton release). The modal testing is used to

verify KS R 9228 testing result and the natural frequency analysis result. The first twisting and

bending natural frequency should be above 10 Hz by resonance which is mostly generated between

bogie and vehicle frame exciting low frequency. The first twisting and bending natural frequency of

railway vehicle are successfully verified between analysis and test.
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Fig. 1 The inner frame of railway vehicle

Table 1 Mechanical properties of the used material
Mechanical |\ 14904 |SPA-H| SPA-C| $8400 |SUS304
properties
Modulus, E

(GPa) 200 196 196 210 190

Yield strength, S

(MPa) 295 245 245 215 240
Poisson's ratio, v
(MPa) 0.29 0.3 0.3 0.26 0.3
Density, p 8000 | 7900 | 7900 | 7860 | 8000
(kg/m’)

o] AFn F7)FAeHES] A9 3.5Hz, 5Hz)ol
ofsf Hn|7h frdEn Sabgke] vhmkA| =], o] g

Side entrance door u_ = ( : Twisting

u, = () : Bending

Body bolster

Fig. 2 Boundary conditions

(b) The first bending mode(16.34 Hz)
Fig. 3 The mode shape and natural frequency
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Table 2 Resources of railway vehicle

Separation Size(mm)
Body length 22,800
Distance of coupler 22,620
Distance betwe_en centers 15.885
of bogies

Body width 2,825

Body height 3,726
Coupler height 870

Fig. 4 Setup the equipments for measurement of the
railway vehicle
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Front view

Railway vehicle
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Ball roller

Load weight

(a) The twisting boundary condition

z
Railway vehicle

/" Load weight <~
x

(b) The bending boundary condition

Fig. 5 Boundary conditions according twisting and
bending mode

A : Accelerometer @ : ref Accelerometer

Fig. 6 The position of accelerometers
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(a) Bending
Fig. 8 Modal testing by impact hammer
Table 3 List of measured equipment
Equipment Model Use
FFT Analyzer B&K Pulse FFT Analysis
Notebook Sony Data measured, analysis
Accelerometer B%Kogg 13
Impact hammer l\fo riivggg 4 Measured vibration
(b) Twisting B&K
o . Cable A00038-D-030
Fig. 7 The excitation by load weight
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(1) Pseudo FRF with load weight
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Load weight release point

Vibration acceleration (m/sz)
(=]

0.0 32 6.4 9.6 12.8 16.0
Time (s)

(a) Time signal

20 Excitation : load weight

Ist twist
natural freugency(11.3Hz)

Pseudo FRF
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: MM iy o |

0 10 20 30 40 50

Frequency (Hz)
(b) FRF
Fig. 9 The first twisting natural frequency
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(2) Modal testing with impact hammer
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(a) Time signal
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Fig. 10 The first bending natural frequency
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Excitation : impact hammer Table 4 The comparison of test results
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Fig. 11 The first bending/twisting natural frequency 10 Hz o]’do] =% AAsot st=d, 1FAsT
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