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Measurement products for rail corrugation (longitudinal profile)

1. Summary

TheRailMeasurement consortium have developed three different typesgoipment for the measurement
of longitudinal rail profile:

Corrugation Analysis Trolley (CAT)

The CAT is a portable instrument (weighing lessith&kg in total) for the accurate measurement of
rail profile, and is typically used to measure fail acoustics purposes and for quality assurahce o
rail grinding.

Rail Corrugation Analyser (RCA)

The RCA is a train-mounted instrument, designechéasure rail profile to accuracies sufficient to
approve grinding work, and to determine the recueést for grinding on worn rail

High Speed Rail Corrugation Analyser (HSRCA)

The HSRCA is a train-mounted instrument like theARBut has been designed to carry out surveys
of rail corrugation over extended lengths of tratkigh speed (80km/h or more)

Sections 2, 3 and 4 describe each of these instiisnmte more detail, whilst section 5 discusses the
precision, accuracy and repeatability of all of ith&ruments.

Section 6 contains a list of references.

Finally, section 7 contains a specification of eatthe instruments in the form of a comparisoriéab
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Measurement products for rail corrugation (longitudinal profile)

2. Corrugation Analysis Trolley (CAT)

TheCAT (Figure 1) is an extremely accurate instrumerit¢ha be used to measure rail for acoustics
purposes and for Quality Assurance of rail grinditighas the great attraction that it can be lusid and
carried by a single person: the equipment, whekgzht a convenient box, weighs less than 15kgerdh
are few, if any, instruments that can measure metireail with similar accuracy and none, to our
knowledge, which can be used conveniently by alsipgrson.

This instrument is the most recent developmentméae of equipment made originally at Cambridge
University, England, in the 1970s for measuringegation. A further development was made in the la
1980s to make portable corrugation-measuring egenprior Australian National railways. This equipme
is still used routinely on Australian railways. €first prototype of the present CAT was producei997.
Since then, examples of the present equipment lbeae used routinely and reliably for corrugation
surveys, Quality Assurance work following grindiogy all types of railway line, and for acoustics or

The CAT is an appropriate instrument for measurdrokrails to assess roughness in accordance hath t
recommendations of the provisional Internationain8ard ISO 3095 [4]. Indeed it far exceeds the
requirements of this Standard insofar as hundrédsetres of rail can be measured continuously, rately
and quickly through a test site, rather than sinmpbjated lengths of about 1m. Such a continuous
measurement permits kurtosis analysis to be usddtemine whether individual 1m lengths of traok a
typical of a full test site.

Figure 1: Corrugation Analysis Trolley (CAT) in use

With relatively minor modifications, the portabl@T could also be used to measure wheel profiles.
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Output from the CAT is available in several formapgpropriate to both grinding and acoustics work:
amplitude vs. distance, one-third octave band sp@ctd exceedences are amongst many standardofsicti
Examples of spectra of successive measuremerte siime, extremely smooth rail are shown in Figure
demonstrating the CAT’s excellent repeatabilityreaewavelengths of a few millimetres and ampligidé
less than a micron. These spectra are plottetiveli® that given in the draft ISO 3095 [4]. The
capabilities of the CAT far exceed the narrow regmients of this draft Standard. Accuracy and
repeatability of CAT measurements is discussedhéurin Section 5.

Further information on the CAT and in particularitsuse for monitoring corrugation and for gringlin
specifications is given in references [1] and [2].

Renacci Test Site - Left & Right Rails Corrugation
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Figure 2: Spectra of rail profile c.f. spectrunofn draft ISO 3095, showing repeatability of CAT suzaments

! Data obtained by Dr Andrea Bracciali of the Unaisr of Florence, and shown here with his permissio
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3. Rail Corrugation Analyser (RCA)

TheRCA is a train-mounted instrument that has been dedifor measuring the longitudinal rail profile to
accuracies that are sufficient to approve gringduogk and to determine whether rail should be ground
Simultaneous measurement of both rails is posaibteoderate speeds (typically 5km/h) with an aaoura
that is only slightly poorer than that of the CAMeasurement at higher speeds (up to 20km/h) isilples
with consequently reduced accuracy. The RCA idbcated by using both it and the CAT to measure the
same length of track (Section 5). This instrumemtppropriate for surveying corrugation severity o
relatively small railway systems, and has been @isethis purpose. It is also frequently useddpproval

of grinding work. An example of an RCA measurenmrdr 200m of a site where the inside (Left) rail i
corrugated is shown in Figure 3.

Figure 3: Sample output from RCA software, shoWiiteyed displacement (100-300mm) and exceedences

We are currently engaged with German Railways (DBAGhe procedure to obtain approval of the RCA
as a suitable instrument to measure corrugatiooréeind after rail grinding.
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4. High Speed Rail Corrugation Analyser (HSRCA)

TheHSRCA is an instrument that is designed for corrugasiorveys of a complete and fairly large railway
system at relatively high speed (typically 80km/hmmre). It is extremely robust and reliable: daeliest
version of our system has been used routinely istralia since 1987, without significant need for
maintenance (see reference [3]). The most reaston is used routinely by the state railwaydatyl

(FS), while other versions have been used in Padauadn Israel. Calibration of the HSRCA is viewf by
using both it and the CAT to measure the same theoigirack.

One of the most useful forms of output from the K2Rtaken from measurements made over a 35km
length of track in Italy, is illustrated in Figude The upper and lower parts of this Figure shata dor the
left and right hand rails respectively. The ddtaven are the so-called “percentage exceedences” for
corrugation in different wavelength ranges as fiomst of the corrugation amplitude in microns SQM.(i
RMS or root-mean-square). For example, for thiehahd rail in the 30-100mm wavelength range,
corrugation exceeded 20 microns RMS over about 8D8te 35km stretch of track, and 40 microns RMS
over about 10% of the track length. Presentatfatata in this format helps to establish simpleschye
criteria for grinding such as, “Any 200m lengthtatck should be ground when corrugation on eithiiin
the 30-100mm wavelength range exceeds an amplifuti@ microns RMS over at least 50% of the site, or
20 microns RMS in the 100-300mm wavelength range.”

Figure 4. Sample of exceedence data from HSRCA

2 By these criteria, one would expect that mosheflength of track measured here would requiredin
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5. Software, measurement accuracy, precision and re  peatability

All three measuring systems use proprietary sofviaat has been developed in close collaboratitim wi
our clients to give output appropriate to theirioas requirements. The software is updated fretiyavith
new features.

Both the CAT and the RCA store raw profile datarfravhich measurement statistics are derived. The CAT
stores rail profile data at intervals of 1mm or 2ifg@lectable), and with a precision of 0.01 micrbime

RCA stores rail profile data at intervals of 2mndavith a precision of 1 micron. Because the typical
lengths of rail measured by the HSRCA are muchtgreébhan those of the CAT or RCA, the HSRCA does
not store the raw rail profile data, only the meament statistics derived in real time from thitada

The severity of corrugation can be assessed obgdgtising the so-called “percentage exceedentéis
principle is currently embodied in a draft Europ&iandard for rail grinding and reprofiling, prEN2B1-3
[5]. Calculation of percentage exceedences isided in software for all three measuring systems.

One of the simplest forms of output from the CATtware is illustrated in Figure 5, which also iltceges

the accuracy of the instrument: the Figure shoasmaparison between filtered profiles of a 0.9m long
reference beam measured with the CAT and with adboate Measuring Machine (CMM). We are not
aware of any other equipment for which similar cangpns have been made in order to assess accuracy
rather than simply repeatability.

Note: Length of beam measured = 0.9m (+/-0.45m)cheounding to 0.000km on x axis

FIGURE 5 Measurements of reference beam with CAlTGoordinate Measuring Machine
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As the calibration of the CAT can be independeatigcked, it can be used as a reference instrument t
verify the performance of the RCA and HSRCA. Ample of the type of comparison that can be made
directly in the CAT software is illustrated in Figu6. In this example, the filtered profile, pertzge
exceedence and one-third octave spectra are cothfmarmeasurements made using the RCA and the CAT
over the same 10m length of track. Similar congmars can be made for lengths of track from frastioina
metre (e.g. to examine individual irregularities kilometres.

- filtered displacement in 30-100mm wavelengtige
- one-third octave spectrum of “raw” (unfilterggrofile
- percentage exceedence of 30-100mm filterefilgoro

Figure 6: Comparison of RCA and CAT output over Ormack
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7.

Specifications and features of instruments

The features and specifications of equipment govethe following pages are illustrative only. Thee
not a guarantee of performance in a particular.dasemore information, please contact
RailMeasurement (see the front page for contact details).

Feature CAT RCA HSRCA
Weight & Portable, 7kg instrument, | Not portable: train mounted| Not portable: train mima
portability 11kg when in case

Operated by one person

Measuring speed

Walking speed: 2-5km/h

Up to 20km/h demonstrate

2d'ypically 60-100km/h; lower
speed possible with reduceq
accuracy, particularly at long
wavelengths

Measuring principle

Contacting transducer

Contacting transducer

Axledmmelerometers

Measurement of

Single rail

Both rails simultaneously

Both railssiltaneously

Requirements
regarding train or
vehicle

None: portable system

Minimal wheel irregularitie

xdviinimal wheel irregularities

Electronic tachometer

Good primary suspension:
minimal friction elements

!
)

Typical accuracy
in 30-100mm
wavelength range

Better than 0.001mm RMS

Better than 0.010mm RM

~

D

teB#tan 0.015mm RMS

Computing
requirements

Laptop, 75MHz Pentium or
better

Laptop or desktop, 75MHz
Pentium or better

Desktop, 500MHz or better

Software

Proprietary, Windows based

Proprietary, Windowsebas

Proprietary, Windows base

)

Data collection,
signal processing &
display [1]

- Profile of one rail at 1mm
or 2mm interval and 0.01
micron resolution

- Filtered profiles [2]

- RMS amplitudes in “block”
or moving window [2]

- Profile of both rails at 2mm
interval and 1 micron
resolution

- Filtered profiles [2]

- RMS amplitudes in “block”
or moving window [2]

- RMS amplitudes in “block”
3]

- Peak-to-peak amplitudes i

n- Peak-to-peak amplitudes if
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Feature

CAT

RCA

HSRCA

block or moving window [2]

- Percentage exceedence [4]- Percentage exceedence [4

- One-third octave band
spectra

block or moving window [2]

]- Percentage exceedence
[4,5]

Automatic detection | No No Yes, ranked into up to 7
of discrete ranges of severity
irregularities

(e.g. welds)

Annotation of No Yes Yes

records with
features of line
(bridges, etc.)

Typical uses - Corrugation surveys and | - Corrugation surveys for - Measurement of complete
troubleshooting metros or other relatively rail systems to assess
small railway systems grinding requirements
- Quality Assurance for
grinding - Quality assurance for
grinding
- Accurate measurement of
short lengths of track (2- - Accurate measurement of
5km/h) moderate lengths of track
- Measurements for acoustics
work
- Verification and calibration
of other equipment, e.g. RCA
and HSRCA
Notes:
1. All software can export ASCII files of calculatedtd e.g. for post-processing with other software.
2. For wavelength ranges 10-30mm, 30-100mm, 100-3008®®,1000mm, 1000-3000mm, 30-
300mm, 300-3000mm and 150-1500mm.
3. For up to 7 non-overlapping, user-specified wavglemanges
4. The “percentage exceedence” is the percentageaoh#dasured length over which a measurement of
the profile exceeds a specified limit. The measignet can in principle be of any quantity e.g. raw
or filtered profile, RMS or peak-to-peak averaggpthcement in a moving window.
5. For the HSRCA, percentage exceedences can beatalduibr up to seven specified amplitude

limits.
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8. About RailMeasurement

RailMeasuremenis a professional engineering company with ovey@ars experience in the development
and supply of precision instruments for the railvimjustry.
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