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ABSTRACT

Development of Rail corrugation Measurement System

JuHyun Park

Advisor: Prof. Jinyi Lee, Ph.D.

Dept. of Control and Instrumentation Eng.
Graduate School of Chosun University

This study presents the development of a rail corrugation measurement system. The
manual scan system, sensor, signal acquisition and evaluation software will be presented. The
rail corrugation is measured by a linear variable differential transformer (LVDT) sensor and an
optical camera for visualization of the rail surface conditions. The LVDT measurement base is
on a skate which has length of 300 mm, triple times of the measurable maximum wavelength of
the corrugation (100 mm). The LVDT signal is analyzed by fast Fourier transform (FFT) and
short-time Fourier transform (STFT) to find the corrugation and distribution of wavelength. To
observe the area of rail corrugation, optical camera is synchronized with the LVDT signal and
stored optical images in data base. The scan speed and scan interval are 1.4 km/h and 1.317
mm, respectively. The system can operate during 2 hours and 20 minute by using a built-in
battery without external power supply.

In order to evaluate the effectiveness of the rail corrugation measurement system, rail
specimens (50kgN type) with artificial rail corrugations and on-site test in the subway stations
(Geumnamro 5-ga Station to Munhwajeondang Station, Gwangju, Korea) have been tested. On
the artificial rail corrugation having 30 mm and 100 mm of wavelengths and 3 mm depth were

measured with average wavelengths of 29.97 mm and 90.15 mm and average depth of 2.55 mm.

viii
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respectively. As such the results, the error of measurements are 0.1 ~ 9.8% for the wavelength
and 15% for the depth. Through data acquisition of the on-site test, rail corrugations was
detected with wavelengths of 20~21 mm, 36~37 mm and 69~70 mm which is suitable with the

results observed by optical camera in panorama images.
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Fig. 2-5 Principle of the magnetic type displacement measuring system with analog signal
processing; (a) MR sensor arrays, and (b) relative location with magnetic pattern
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Fig. 2-6 Principle of linear variable differential transformer (LVDT)
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Fig. 2-7 Equivalent circuit of LVDT
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Fig. 2-8 Phase change due to displacement of core
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Fig. 2-10 Comparison of image processing result using each optical incident method
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Table 2-1 Measurement file sizes according to recording time and imaging speed

54
A3 P A2
10 f/s 20 f/s 30 /s
116.14 MB
i=]
1= 52.363 MB 58.0 MB 76.471 MB (29611)
1189.15 MB
i=]
10%& 364MB 418MB 502.4 MB (3.04211)

(@) 10 f/s (38% F2)

()30 1fs  (150% Zrth)

(c) AHA (45% F4)

Fig. 2-11 Comparison of image quality with different imaging speed
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Fig. 3-1 Scanning system
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Fig. 3-3 Supporting wheels on the skate
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Fig. 3-4 Configuration of encoder
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Fig. 3-6 Contacting roller with 2 points
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Fig. 3-8 Linear movement guide for supporting LVDT sensor
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Fig. 3-9 CCD camera system with gradient type optical source
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Fig. 3-10 Block diagram of the developed measurment system
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Table 3-2 Function keys of the operation software
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O

ATt Fig. 4-1(b)= 4ol 1,479mm<l A& 3 100mm, 2©] 3mmel AF 34
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Fig. 4-1 Rail corrugation specimen; (a) Specimen A (30 mm wavelength), (b) Specimen B

(100 mm wavelength),
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Fig. 4-2 Serial number of each corrugation

Table 4-1 Size of corrugations

Collection @ chosun

Number | Length | Width R];’L:ttilvle Number | Length | Width l})e;;ttﬁe
Al 30 47 3.03 AlS5 29 47 3.05
A2 29.5 47.2 3.07 Al6 299 46.5 3.03
A3 29.6 47 3.01 Al17 29.5 47 2.93
A4 30 47 3.06 Al8 30.4 46..9 2.98
AS 30 46.8 3.07 A19 30 47.2 2.93
A6 29.8 47 3.08 A20 30.1 47.5 2.96
A7 29.5 46.9 3.02 A21 29.7 47.5 3.02
A8 30 46 3.01 B1 100 45 2.97
A9 30 46 3.01 B2 100 45.5 3.03
A10 30 45.8 3.02 B3 96 44.5 2.86
All 29.8 46.1 2.96 B4 98 45 2.93
Al2 30 46.3 2.99 BS 98 46 3.01
Al3 29.8 46.1 2.86 B6 98 47 2.99
Al4 30 45.8 3.01

(Unit : mm)
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(a) measurement range
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(b) LVDT signal on #1

(c) panorama image on #1
Fig. 4-4 Experimental results on the 1 range with 30mm specimen A
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(a) measurement range
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(b) LVDT signal #2

(c) panorama image on #2
Fig. 4-5 Experimental results on the 2" range with 30mm specimen A
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(a) measurement range

0
£
£
=
£-15
=
£
<

-3

428 893
Distance(mm)
(b) LVDT signal on #1

SN

E
13
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Fig. 4-6 Experimental results on the 1 range with 100mm specimen B
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Fig. 4-7 Experimental results on the 2" range with 100mm specimen B
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Fig. 4-8 Evaluation of rail corrugation for artificial specimen A (30 mm wavelength); (a)

LVDT signal, (b) FFT analysis, (c) STFT analysis and (d) digitizing result of STFT
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Fig. 4-9 Evaluation of rail corrugation for artificial specimen A (30 mm wavelength); (a)

LVDT signal, (e) Peak detection of LVDT signal
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Fig. 4-10 Evaluation of rail corrugation for artificial specimen A (100 mm wavelength); (a)

LVDT signal, (b) FFT analysis, (c) STFT analysis and (d) digitizing result of STFT
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Fig. 4-11 Evaluation of rail corrugation for artificial specimen A (100 mm wavelength); (a)

LVDT signal, (e) Peak detection of LVDT signal
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Fig. 4-14 Experiment and analysis results of rail corrugation
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Fig. 4-15 Experiment and analysis results of rail corrugation on the range 1
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Fig. 4-17 Experiment and analysis results of rail corrugation on the range 3
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