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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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INTERNATIONAL STANDARD

ISO 23054-1:2022(E)

Railway applications — Track geometry quality —

Part 1:
Characterization of track geometry and track geometry
quality

1

Thi
geo

Thi

Scope

5 document defines track geometry parameters and specifies the minimum requiremen
metry measurements and the evaluation method for track geometry quality:

5 document is applicable to 1 435 mm and wider track gauges. The urban/light ra

trapnways and any track gauge narrower than 1 435 mm are excluded from the scope of this

how

Thd

3.1
For

ISO

31
tra
par
alig

31
tra
ass

rever it can be used as a reference.

Normative references

re are no normative references in this document.

Terms and definitions, symbols and abbreviations

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and [EC maintain terminology databases for use in standardization at the following addj

ISO Online browsing platformi: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

1
'k geometry parameters

hmeters to describe geometrical characteristics of the track, such as track gauge, longitu
nment, cross-level, twist

2
'k geometry quality
bSsment of deviation in the vertical and lateral planes from the average or designed g

s for track

| systems,
document,

esses:

dinal level,

eometrical

characteristics of specified parameters which give rise to safety concerns or have a corre
ride quality

3.1.

3

gauge face

insi

3.1.

de face of the running rail head

4

running table
upper surface of the head of the rail

Note 1 to entry: See Figure 1.
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Key
1 running table

Figure 1 — Running table[1}.[2]

3.1.5
running sfirface
curved surfface defined by the longitudinal displacement of a straight'line perpendicular to the cenftre-
line of the frack and tangential to both running tables

Note 1 to enjtry: See Figure 2.

g

/)

2

Figure 2 — Running surface

3.1.6
uncertainLy
value defining the interval about the result of a measurement expected to encompass a large fraction of
the distribution of values that could reasonably be attributed to the measurand!3]

Note 1 to entry: The coverage factor is equal to 2. The uncertainty as defined corresponds to a confidence interval
of about 95 % of a normal distribution.

3.1.7

resolution

smallest change in the value of a quantity to be measured which produces a detectable change in the
indication of the measuring instrument

3.1.8
chord length
length of the straight line (chord) between two points on the same rail

2 © IS0 2022 - All rights reserved
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3.1.9

cho

rd measurement system

system which measures track geometry by perpendicular distance (i.e. offset) from the chord to the
chosen rail measurement point within its length

Note 1 to entry: See Figure 3.

Not

3.1
ine
Sys
may

31
way
spa

3.1

sampling distance

equ

3.1

rail

offset

chord length

divided chord length, L=a+b

Figure 3 — Chord measurement

e 2 to entry: Itis symmetrical chord measurement when a=h;-otherwise itis asymmetrical chord m

10

rtial measurement system
em which measures track geometry by referring the rail position to an inertial referg
' be provided by a combination of accelerpmeters, gyroscopes, and sometimes magnetory

11
relength range
e domain covered by the track geometry measurements

12

al distance travelled'bétween each two consecutive measured points

13

ra

spefific domaitrdescribed by its limits

3.1/14
isolated defect
part ofthe signal exceeding a given limit with at least one sample

e of measupement

basurement.

nce, which
eters

3.2 Symbols and abbreviations
Symbol Designation Unit
G Track gauge mm
7 Limit of the range below the running surface within which the gauge is measured. Z, is|mm
p always 14~16 mm for a Vignole rail
7 Deviation in the direction of consecutive running table levels on right hand rail. Used in|mm
1 the measurement of longitudinal level
7 Deviation in the direction of consecutive running table levels on left hand rail. Used in the |mm
112 measurement of longitudinal level
©1S0 2022 - All rights reserved 3
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Symbol Designation Unit
y Distance between point P and a reference line on right hand rail. Used in the measurement|mm
pl of alignment
y Distance between point P and a reference line on left hand rail. Used in the measurement|mm
p2 of alignment
P Gauge face contact point
Wavelength ranges which are correlated to line speed and are classified into short, me-
Wi W2 W3 dium and long wavelengths
cc Chord length class which are based on line speed and are classified into short and long
-2 Thord tfengtis
4] Amplitude from the zero line. Used in the measurement of twist muin)/m
v, Amplitude from the mean value. Used in the measurement of twist mm/m
£ Twist base-length m
XY Z Axes of a track coordinate system
C Filtered cross level which is obtained by high-pass filtering of cross level mm
cx Combined irregularity refers in particular to the combined irregularity of alignment and |mm
filtered cross level
Track quality index. The combined standard deviation of track geometric irregularities
T including leftlongitudinal level, right longitudinal level, level aligniment, right alignment,
gauge, cross level and twist
L Chord Length. Length of the straight line between the two points on the same rail m
Combination coefficient
4 Description of the track coordinate system
The track geometry quality is described by means of @ moving right-hand Cartesian coordinate sysfem

centered tq

X-axisj

Y-axis:

Z-axis

NOTE ]
manager to

N

the track with clockwise rotation (see'Figure 4):
axis represented as an extension of the track towards the direction of running;
axis parallel to the running Surface;

axis perpendicular to the Tunning surface and pointing downwards.

define a reference-diréction of the track.

'his description is for'the’coordinate system of the measurement vehicle. It is up to the infrastruc

fure

Key

a
b

C

Running direction.
Intersection between considered cross section and running surface.

Track coordinate system.

Figure 4 — Relationship between the axes of the track coordinate system

© IS0 2022 - All rights reserved
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Rail identification (left or right rail) and sign convention of parameter measurement is not in the scope
of the standard but should be agreed between parties for the purpose of exchanging data.

5 Definition of track geometry parameters

5.1 Track gauge

Track gauge, G, is the smallest distance between lines perpendicular to the running surface intersecting
each rail head profile at point P in a range from 0 to Z, below the running surface. In this standard, Z is

int'\arﬂr\‘n—a of 14 mvn‘fn 16 mm

NOTE

and|16 mm in China and Japan.

TC-TT*r

oIt o

TO-ITITTITT

Track gauge limit values depend on the chosen Z, value. For example, Z, is 14 mm inurope and Japan

In the situation of new unworn rail head, the point P will be at the limit Z, below the rail head, as shown
in Higure 5.

Key

1 [running surface

Figure 5 — Track gauge for new rail (example in case rails are tilted)

In the situation of worn rail head-the height of point P for the left rail can be different from the right rail,
as shown in Figure 6.

Key

1 running surface

© IS0 2022 - All rights reserved
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5.2 Alignment

Alignment is the deviation Y, ; and Y, in Y-direction of the position of point P (see 5.1) on any rail from
the reference line. The reference line can be the design alignment or a smoothed alignment calculated
from successive measurements (see Figure 7).

Alignment measurements shall be made with either an inertial measurement system or a chord
measurement system (that should preferably be asymmetrical chord), or a combination of both. Those
measurement systems will produce results in different domains (space or versine respectively). It
is possible to transform the measured signals between domains using a colouring/decolouring/
recolouring process.

| E—

Key
P point Placcording to 5.1
1 referenge line

Figure:7.— Alignment

5.3 Longitudinal level

Longitudinal level is the deviationZ;; and Zj;, in Z-direction of running table levels on any rail from|the
reference line. The reference liméycan be the design longitudinal level or a smoothed longitudinal Igvel
calculated [from successive méasurements (see Figure 8).

Longitudinal level meastirements shall be made with either inertial measurement system or a chord
measuremgent systeme(that should preferably be asymmetrical chord), or a combination of both. THose
measuremgnt systems will produce results in different domains (space or versine respectively]). It
is possibld to transform the measured signals between domains using a colouring/decolouring/
recolouring process.

6 © IS0 2022 - All rights reserved
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Key

5.4

The
sur
ang

Cro

running table
reference line

Figure 8 — Longitudinal leyvel

Cross level

difference in height of the adjacent running tables computed from the angle between t
face and a horizontal reference plane. It is expressed as the height of the vertical leg o
led triangle having a hypotenuse that relate§’to the nominal track gauge as follows (see |

For nominal gauge of 1 435 mm the hypotenuse is 1 500 mm in length.
For nominal gauges of 1 520 and.1:524 mm the hypotenuse is 1 600 mm in length.
For nominal gauge of 1 668 mm the hypotenuse is 1 740 mm in length.

5s level is also called cant'or superelevation.

he running
f the right-

igure 9):
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cross lgvel
running surface

1
2
3 horizortal reference plane
4
6

hypoteJ\use
i

inclination angle

Figure 9 — Cross level

5.5 Twist

The algebifaic difference between two, cross levels divided by their distance apart (base-length #),
typically expressed as mm/m or %so.

5.6 Oth¢r parameters

Other pargmeters contribufe'to an understanding of vehicle track interaction and ride quality. These
other parameters can beebtained by direct measurement or by derived measurement. A representative
list of additional analysis and parameters are shown in the Annex A.

6 Measurenient requirements of track geometry

6.1 General

The track geometry is measured by the track geometry measuring systems mounted on track recording
vehicles, commercial vehicles, track maintenance machines or manually operated devices. It is intended
to:

— measure track geometry parameters;
— measure the longitudinal distance at the sampling distance which should not exceed 0,25 m;
— associate the location to the measured data;

— process the measured data, preferably on site.

8 © IS0 2022 - All rights reserved
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The track geometry measuring system shall produce reliable results under normal operating conditions.
The measured data can be used for track quality monitoring, assessment, maintenance planning and
safety assurance as related to track geometry.

The speed range shall be from standstill to the maximum permissible measuring speed of the vehicle if
a chord measurement system is used; if an inertial measurement system is used, a minimum speed may
be necessary to measure some parameters.

6.2

Measurement conditions

In grderto ranrnﬂnr‘n the r‘]vnamur‘ effects of vehicles on the hﬂar‘]z all of the gnnmnfr‘u‘ }ﬁarameters

sho

NO']
of 2
and

The
med
intd
par

In ¢

Thd
and
sha

All

All
and
wav

6.3

6.3
The

6.3

h1d preferably be measured under loaded condition.

a flat bottom (Vignole) rail.

account when comparing measurements and when defining limitsforassessment of trac
hmeters.

hse of unloaded or static measurement conditions, such conditions shall be documented.

1 be specified.
parameters shall be measured at the same location within the specified sampling distan

principal parameters shall be measured\at the same sampling distance. For signal

felength ranges and chord lengths.

1 Measuring systems
re are two measuring-systems for longitudinal level and alignment:
Inertial measurément system

Chord measurement system

2 _Evaluation methods

Thd

re.are two evaluation methods for longitudinal level and alignment:

E Typically, the loading at the measuring point of the rail is equivalent to a minimuni Verticall wheel load
b kN when considering an average track stiffness of 90 kN/mm per rail (wheel load divided by rai

deflection)

re can be differences in all track geometry parameter values according to whether they are
isured under loaded or unloaded, static or dynamic condition. These differences should be taken

kK geometry

results of measurements shall be within the specified measurement precision for diffeilent speeds
for each direction of recording. If this is not the case,the domain of validity and/or the direction

e.

[processing

signal analysis reasons, this sampling_distance should be determined to be consistent with the

Measuring systems and evaluation methods for longitudinal level and alignment

6.3.

Wavelength range method
Chord based method

3 Relationship of measuring systems and evaluation methods

Measuring systems and evaluation methods have a relationship to convert interactively between them
(Figure 10).

©IS
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AN
A .
AN
N e
B \\\ e
e
N

Key
Measuring gystem:

1 inertiallmeasurement system
2 chord measurement system
Evaluation rpethod:

3 wavelepgth range method

4 chord Hased method
Conversion process:

A indicatg¢s filtering procedure to convert track geometry measured by an inertial measurement systen] for
evaluatjon method of track irregularity by wavelength range method, see Annexes C and D.

B  indicatg¢s colouring procedure to convert track geometry measured by an inertial measurement system fof the
evaluatjon of track irregularity by chord based method.
C indicat¢s decolouring procedure to convert track geometry measured by a chord measurement system for the
evaluatjon of track irregularity by wavelength range method, see Annex E.

D indicat¢s recolouring procedure to.convert track geometry measured by a specified chord measurerhent
system [for the evaluation method-ef track irregularity by another chord based method. If the same chord for
measurfement and assessmentisused, the recolouring procedure is not used.

Figure 10 — Relationship to measuring systems and evaluation methods

Railway aythority®and infrastructure manager can adopt any of the above measuring systems jand
evaluation|methods.

6.3.4 Wavelengti

Wavelengths of interest are correlated to line speed and are classified into short, medium and long
wavelengths. The correlation with line speed is that the faster the vehicle travels, the more susceptible
the vehicle is to longer wavelength irregularities. To encompass the current state of the art, the short,
medium and long wavelengths shall be expressed as a band pass filter that has an upper and lower level
to each side of the band.

The wavelength classes are defined in Table 1.

Short wavelength shall consist of a band pass filter with a lower cut-off < 3 m and an upper cut-off from
25 m to 42 m.

10 © IS0 2022 - All rights reserved
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Medium wavelength shall consist of a filter with a low pass < 25 m and a high pass at 70 m.

NOT

E1l

Medium wavelength, W, is generally only considered for line speeds between 150 km/h to 250 km/h.

Long wavelength shall consist of a filter with a low pass < 70 m and a high pass from 120 m to 200 m.

NOT

All filters shall conform to Annex C.

E2

Table 1 — Wavelength class

Long wavelength, W, is generally only considered for line speeds of 250 km/h or greater.

Wavelength Lower cut-off wavelength | Upper cut-off wavelength
class
w; <3m 25-42m
w, <25m 70 nd
118 <70m 1207200 m

6.3)5 Chord length

Chard lengths are chosen based on the wavelengths of interest, Which are correlated to |ine speed.
Chard lengths are classified into short and long chord lengths.The correlation with line syjeed is that
the|faster the vehicle travels, the more susceptible the vehicle is to longer wavelength irregylarities. To
encpmpass the current state of the art, the short base chord length shall be between 5 m and 20 m, and
the[long base chord length shall be not less than 20 m.

m

2
el AL |

1.6
1.4 | \
NN R

1 \

e —"

et —

0.8
0.6 i
]
0-4 l
|
1

0.2 I
g N

10!
Key

THo S Treertr C-or—ttrre—croroTrer—rorrcerots

wavelength (m)
1 transfer function—5m/5 m

2 transfer function—5,5 m/4,5 m
Figure 11 — Example for transfer function of 10 m chord symmetrical vs. asymmetrical

The division of the chord in the chord measurement system has a significant effect on the transfer
function. Figure 11 shows an example of a symmetrical chord and an asymmetrical chord in 10 m chord.

©1S0 2022 - All rights reserved 11
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In case of the symmetrical chord measurement system, the relationship between wavelength and the
transfer function is shown in Figure 12. This figure demonstrates the longer the wavelength of interest,
the longer the chord length.

1 2 3

/\/ N \

g
2

[~

[ /

1 10 100 250 w
Key
gain
wavelehgth (m)
5 m chqrd

10 m cijord

40 m chord

w N R T 9

Figure 12 — The relationship between the wavelength and the transfer function

The chord |ength classes are defined in Table 2.

Table 2 — Chord length class

Chord length class Base chord
C; 5-20 m
C, >20m

NOTE Long chord length, C, is generally only considered for line speeds of 250 km/h or greater.
6.4 Resolution and range of measurement

6.4.1 Resolution
The resolution shall be < 0,1 mm for track recording vehicles, commercial vehicles.

The resolution shall be < 0,5 mm for track maintenance machines, trolleys or manually operated
devices.

The needed resolution will depend on the chord length, i.e. the shorter the chord is, the smaller the
resolution should be.

12 © IS0 2022 - All rights reserved
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6.4.2 Range of measurement

6.4.2.1 Track gauge

The range shall be the nominal gauge -15 mm/+50 mm.
6.4.2.2 Alignment

6.4.2.2.1 Wavelength range method

Thd requirements are specified in Table 3.

Table 3 — Alignment: range of measurement (based on wavelength class)

Dimensions in millimetres

Wavelength class Wy w, 178

Range of measurement +50 +100 +30(

NOTE The high ranges of measurement stated for W, and W; are only required.if these domains are rpeasured on
conpentional lines. If W, and W3 are only measured on high-speed lines, smaller ranges can be applied.

6.4{2.2.2 Chord based method

Alignment range is determined by Figure 13 as it is dependént upon the choice of measurement chord
and{associated division.

©1S0 2022 - All rights reserved 13
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| Lb\\
<

1 rail
offset
chord length

a,b divided chord length, L=a+b
radiuk

Note: M= V4 + X, xs

Where
M s the measurement range;
A s the designed versine;
X, s the expected irregularity;
s s the safety factor, s=1,25.

Figure 13 — Measurement of base chord

The requirpments are specified in Table 4.

Table4:~= Alignment: range of measurement (based on chord length class)
Dimensions in millimetres

val val
—Chorddengthclass €7 €5

Range of measurement +170 +220

6.4.2.3 Longitudinal level

6.4.2.3.1 Wavelength range method

The requirements are specified in Table 5.

14 © IS0 2022 - All rights reserved
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Table 5 — Longitudinal level: range of measurement (based on wavelength class)

Dimensions in millimetres

Wavelength class wy w, Wy
Range of measurement +50 +100 +200

NOTE The high ranges of measurement stated for W, and W, are only required if these domains are measured on
conventional lines. If W, and W3 are only measured on high-speed lines, smaller ranges can be applied.

6.4.2.3.2 Chord based method

Thighas the same mathematicat relationsnip as 6.4.2.2.2

Thd requirements are specified in Table 6.

Table 6 — Longitudinal level: range of measurement (based on chord length cl3ss)

Dimensions in millimptres

Chord length class C; G,
Range of
*50 *60
measurement

6.4{2.4 Cross level

The range of measurements depends on the maximum, design value of cross level, the ranfge shall be
+1,25xmaximum design value in mm.

6.4{2.5 Twist

Theg range shall be +15 mm/m or 15 %o.

6.5 Outputrequirement

Megsurements shall be recorded as a consecutive set of readings preferably in digital form and shall
alsq be presented graphically-The measurement shall be coordinated with the positional dafum.

It should be possible to browse track geometry data and measure the form of waveforms.

7 |Assessmentinethod of track geometry

7.1l General

Generally;two indicators can describe the track geometric quality:

zaliinc oficalat
a5 o150 at

P

— standard deviation over a defined length, typically 100 m or 200 m;
Different types of limit values can be defined to assess:

— safety

— maintenance

— acceptance of work

© IS0 2022 - All rights reserved 15
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7.2 Peak values of isolated defects

— Track gauge

Individual defects are represented by the amplitude from the nominal value to the peak value (minimum

and maximum peak value).

— Alignment

Individual defects are represented by the amplitude from zero to peak. In case of chord measurement,
the design values or reference values produced by filtering are discounted.

— Longit

Individual
measurem

— Cross|
Individual
NOTE

Alternative
compared

—  Twist

Individual
purposes 1

udinal level

evel

Psually a chosen sliding mean between 18 m and 40 m is used as a low pass'filter.

defects are represented by the amplitude from zero to peak value. In casg)of ch
bnt, the design values or reference values produced by filtering are discounted.

defects are represented by the amplitude from the low pass filtered yalué to the peak va

ly, the measured values (defined as amplitude between Zero and peak values) may
with the design values.

defects are represented by the amplitude from.the zero-line to the peak value (V).
ot related to safety the average to peak value canbe used (V,) (see Figure 14).

Vi

Key
1 low pas
2 twist
3 zero lin

s filtered valug€)(iriean value)

Fi — ist —

7.3 Standard deviation

ord

ue.

be

For

The standard deviation (SD) represents the dispersion of a signal over a given track section, in relation
to the mean value of this signal over the considered section as given in Formula (1).

O =

Where

16

2 ;\il(xi XY

N-1

M
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N is the number of values in the sample;
is the current value of a signal;

i is an index;

X is the mean value of a signal;

0 s the standard deviation.

Standard deviation is commonly calculated for the following parameters:

For
alsq
rail

Track gauge;

ay also be calculated for other parameters such as;
Alignment W, or determined by C, with the design values removed;

Longitudinal level W, or determined by C; without design valuescorreference values p
filtering;

Longitudinal level W, or determined by C, with the design %alues removed;
Cross level;
Twist.

longitudinal level and alignment, it is recommended to calculate SD separately for each
be calculated differently (for example: mean;value of both rails, worst or best of either r
in curves).

Lenfgth of track section used for standard deviation has an impact on the result. If comparg

are
is c
wit
alsd

NOT
can

NOTI
7.4

7.4

expected, only one length should-bé-tised. Commonly, for maintenance reasons, standar

hout overlap or with overlap, as a sliding standard deviation. Calculation of standard d
done over longer distances'such as 1 km, an entire line or an entire network.

E1l Distinction between’specific track sections, such as plain lines, stations and switches an|
blso be made.

E2  The quagi=static part of the signals affects the calculation of SD for twist, track gauge and
Others

1 APower spectral density

Alignment W, or determined by C; without design values or reference values produced by filtering.

Foduced by

rail. It may
nil or outer

ble results
l deviation

hlculated over a length of typically 100 m or 200 m. It may be calculated either at fixedl distances

eviation is

d crossings,

cross level.

The power spectral density (PSDJ gives the energy of the signal In relation to frequency
track geometry parameter measured over a given track section.

or a given

For a track geometry parameter x, the most commonly used formula to calculate the PSD is given in

Formula (2):

Sk =2X; X; / (Nfy)

Where

©IS

fs is the spatial sampling frequency;

02022 - All rights reserved
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N

Xe=)

Xy
Sk

NOTE1 1

overa
changg

over a
Oor sam

foraw

NOTE2 1§

vehiclg

infrast

One of the
repetitive

As there af

is the number of the uniformly sampled points;

N—lx = 2mijk/N is the Fourier transformation of x, j,k=0 to N-1;
j

j=0
is the complex conjugate of X;;
is the power spectral density of x, k=0 to N-1.

n order to be representative, the PSD is calculated:

sufficient ]nngfh th"nr‘l(, fypir‘n”y Skm Hnumvnr’ shorter ]pngfhc canalsobeusedtoana

s of the spectral characteristics of track geometry;

e components;
ide range of wavelengths including at least W, and W,.

SD can be of help for characterizing geometric quality over a section of track or'a line for:

ructure managers to know which defect wavelengths are present on the track.

lefects such as welds.

e other methods for calculating PSD, the methodbeing used should be specified.

7.4.2 TrI

Track qua
deviations
gauge, Cros

T shall be d

is

is

ck quality index

s level, twist, etc. T is an indicater’of irregularity of track section.

alculated by Formula (3) asfollows:

p

1/q
q
i=1"i%i )

the track\guality index;

hedndex;

section of track with features and quality as homogeneous as possible, e.g. same track lay

manufacturers to have a better knowledge of the quality of the tra¢k on which the vehi
will rujn;

main advantages of PSD is that it can show typical peaks corresponding to the existeng

ity index, T, is a combined standard-deviation (CoSD) and refers to the sum of stand
of e.g. left longitudinal level, right\léngitudinal level, left alignment, right alignment, t1

yse

rout

Icles

e of

ard
ack

(3)

is
Wi
0;

q=1or

18

(he number oI traCck geometry parameters;

is the weight factor;

is the standard deviation of each track geometries;

2.
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(informative)

Additional analysis and parameters

A.1—Gau

The algebraic difference between two gauges divided by their distance apart (base-length), typically
expressed as %o.

A.2 Combined irregularity

Combined irregularity, CX, refers in particular to the combined irregularity of alignment dnd filtered
cross level.

Thif parameter covers the eventuality that an irregularity on the eross level function causeq unloading
in alwheel running along a rail combined with an alignment deféct displacing the rail towards the track
cenfre.

Combined irregularity is calculated for each rail by usingthe Formula (A.1).

Where
Xc;  isthe combined irregularity, 1$1,2;
K is the combination coefficient;
Yp;, isthe distance between point P and a reference line on right hand rail, used in thg measure-

ment of alignment, i=1,2;

C is the filtered.cross level obtained by high-pass filtering of cross level.

A.3 Cyclic irtegularities

Cyclicirregularities are a derailment risk that involves a harmonic response by specific types of railway
vehjcles.Such vehicles are built with a suspension system that is vulnerable to this phenomgnon.

A cyclic isolated defect occurs when a measured parameter has a minimum value that r¢peats at a
set frequency along the track which induces the harmonic response to the vehicle suspension. Energy
builds up in the suspension if cycles of input continue, until the vehicle wheelsets unload; leading to
derailment.

The peak values of input that trigger the harmonic response at a critical speed can all be within isolated
defect limit of longitudinal level or twist. It is the combined fixed wavelength and repetitive nature of
these peak values that trigger the harmonic reaction at the critical speed.

Detection is usually made by an algorithm linked to the measured parameter and can span different
wavelengths to match known susceptible vehicle types.

There are several different types of cyclic irregularity, some of which are listed as follows:

— Cyclic longitudinal level (or cyclic top);

©1S0 2022 - All rights reserved 19
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Cyclic

cross fall (or cyclic twist).

Mitigation of the derailment risk with this type of phenomenon is usually undertaken by a combination
of speed restriction to eliminate the harmonic response as well as manual/mechanical intervention.

Isolated defect limits are derived by experimentation/experience.

Cyclic irregularities are more susceptible when combined with other isolated defects such as twist or

alignment.

A.4 Acc

aloration

Acceleratid

detect the
vehicle. Thi

A.5 Veh

Vehicle res

FAICI ACIVUIX

n measurements can be also used to give an indication of track geometry quality, @an
local track geometry deviations which have an influence on the dynamic behaviour
e specification for the measurement of acceleration is referenced within Annex B:

icle response analysis

ponse analysis (VRA) can be used to make objective, quantified-statements about

relationship between the track geometry quality and the vehicle’s responses at various speeds. S

factors hay

resonance,
level).

The VRA nj

Calcul
vehiclg
gear al

vehicle

The oy

e been taken into consideration such as successions of isolated-defects that might gene
combinations of defects at the same location and local trackydesign (e.g. curvature and ci

ethod is based on the following principles:

htion of vehicle response to the track geometry<measured according to this document.

d car body;

Consideration of different vehicle types and Speeds, taking into account the worst response o

s considered at every measuring point;

tput can be referred back to singlé parameters like longitudinal level, twist and alignme

] to
pf a

the
me
Fate
0SS

The

response is represented by the wheel-rail forces and accelerations of the vehicle runping

[ all

nt.

When usinig this method, attention should be paid to the consistency between the wavelength donpain

of the tracl

20

L geometry and the frequency range of the vehicle response parameters.
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Annex B
(informative)

Measurement of acceleration

lhfveducti on

Acc
the
The
int
veh
whyd

B.2

Med
par

B.3

local track geometry deviations which have an influence on the dynamic behaviour
se measurements could be used in conjunction with the main parameter meastrements
he standard. However, acceleration measurements are sensitive to the dynamic behay
icle and other factors such as climatic conditions, actual position of the.vehicle in th¢
el rail interaction.

Measurement method

surements can be taken at various locations on the car/body and/or bogie dependin
ficular assessment required.

Al - vertical axle box acceleration for the detection.of rail surface defects (e.g. corrug
isolated geometrical defects.

A2 - transverse bogie acceleration for the detection of short wavelength track geome
(alignment or cross level).

on riding comfort.

Frequency range

A1l - vertical axle boxacceleration 0to 1000 Hz
A2 - bogie accelerdtion 0to 100 Hz

A3 - car body/acceleration 0 to 50 Hz

Range of measurement

pleration measurements can be used to give an indication of track geometry quality a;\? to detect

a vehicle.
described
iour of the
train and

b upon the

bation) and

kry defects

A3 - transverse and vertical car body dceeleration for the detection of defects that have ap influence

A1 - vertical axle box acceleration _+1 000 m/s?

A2 - bogie acceleration +50 m/s?

A3 - car body acceleration +20 m/s?

B.5 Sampling frequency

The sampling frequency should be at least 5 times the cut-off frequency applied to the signal

e.g.

> 5000 Hz for axle box acceleration (i.e. 5 x 1 000 Hz).

© IS0 2022 - All rights reserved
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B.6 Measurement conditions

— A1l- (vertical axle box acceleration) the measuring speed should be adapted to the used sensors and
the analysis method.

— A2 and A3 - (bogie and car body acceleration) measurement should be made at the operating speed

for the

line within a tolerance of +10 %.

B.7 Analysis method

— Al - (Jertical axle box acceleration):

— Callculation and analysis of mean to peak and/or peak to peak values in the given frequg
rapge which are linked to dynamic wheel-rail forces and to isolated defects;

— Callculation of standard deviation of signal over a specified distance and a¢given frequg
rapge. This can be used for assessing corrugation and/or density of short geometric defect
the rail;

— Dquble integration of the signal in a given frequency range in order. feyobtain a representa
of|short defects of track geometry. This method can be also used«for calculating longitud|
leyel.

— A2 andl A3 - (bogie and car body acceleration) isolated defectS)are represented by the amplit
from the mean value to the peak value or from zero to the peakwalue as defined by the infrastruct

mana

B.8 Out

Results sh
be made td
with the ad

The infrast

B.9 Out
— Al - (¢

W

er.

put requirements

uld be presented in graphical form. An-analogue or digital recording of raw data can
enable further analysis of measurements. It is recommended to provide the speed togef
celerations.

ructure manager should define the exact output requirements.

put presentation
ertical axle box aecc€leration):

psented as thé.standard deviation over a given duration or a given length for a speci
ivelength range;

bsented-inl a graphical format when mean/peak to peak analysis or double integratio
rformed.

ncy

ncy
s of

fion

inal

ude
ure

hlso
her

fied

thresh

22

old.
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Annex C
(normative)

Filter requirements

Filt

To |
sho

The

ban(ds for the transfer functions (magnitude responses) in the wavelength ranges W, and Y

asf
Ws.

Dia
be

C.2

C.2

Thd
asl

C.2
The

whyd

ers are applied to a measurement signal to obtain Wy, W, or Ws.

pbermit comparison of data from different measuring systems (of different mahufactur
hld be standardized.

filters are required to have linear phase and a damping of -3 dB at the-¢ut-off frequency

bllow. Due to the lack of experience, no tolerance bands and requirements for the slope af
It is recommended that the transfer functions remain within thesetolerance bands.

brams of the filter transfer functions (including the tolerancéband limits in case of W, an
rovided together with the measurement output data.

Tolerance bands for filter transfer funetions

1 Introduction

cut-off frequency is the frequency where the damping of magnitude is -3 dB. The filters
pe of 24 dB/octave and a 4th order Butterworth characteristic. The filters shall have ling

2 Filter for W;, W, and W4

cut-off frequencies of W;, Wsvand W; are as follows:
with f:l
w
bre w is wavelength.
has the following cut-off frequencies:

0,04-m1=f .=0,0238ml (25 m < wavelength < 42 m)

£...>03333m1 (wavelength <3 m)

brs), filters

. Tolerance
, are given
e given for

d W) shall

shall have
ar phase.

€.1)

THETT

W, has the following cut-off frequencies:

fiow = 0,014 3 m1 (wavelength = 70 m)

fnigh 2 0,04 m? (wavelength < 25 m)

W5 has the following cut-off frequencies:

0,008 3m=>f,, =0,005m1 (120 m < wavelength < 200 m)

fhigh 2 0,014 3 m (wavelength < 70 m)

© IS0 2022 - All rights reserved
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The cut-off frequencies of the wavelength W, and W, and also W, and W; should overlap to avoid a gap

and

gth

in the total wavelength range. See Figure C.1 based on Example: f10W Wy < fhigh Wy -
m
0 -t —_—_—_—
s
s
s
/
S 2
s
//A\ 1
s
s
s
s
s
s
s
s
s
s
/ v
w
3 4
Key
m  magnitpde [dB]
w  wavelepgth [=1/frequency]
1  transfef function filter W,
2 transfer function filter W;
3 high -,
4 flOW -Wq
Figure C.1 — Example of frequency overlap

C.3 Guigdleline for filter design
In case it if necessary to desigir-a custom bandpass filter for any wavelength range between 3 m
70 m the guiideline for tolerance bands provided in this clause shall be considered.
For a generic bandpassifilter with cut-off frequencies fy,,, and fy;g, at -3 dB, the following waveler
ranges can|be identifigd:
— passbgnd isithe wavelength range from fi,,, to f,;gn;
— stopband.is the wavelength range where the filter response is within -50 dB;

— transition band is the wavelength range between passband and stopband.

The following indexes are also defined:

— centre

frequency f is the geometric mean value of f},,, and fy,p,;

— bandwidth (BW) is the difference between fy;, and fj,;

fo

— quality factor (or Q factor) is calculated as W

See Figure C.2.

24
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Ya
-3
. 2 3 2
fmin fO fmax '\.(‘1/ f
Key] Q.)b‘,
f |frequency [1/m] Q
Y, |amplitude [dB] qib
1 |stopband %O
2 |transition band \\
3 |passband Q )
Figure C.2 — Bandp@ ?lter
QO
Givén the centre frequency and Q factor of a &@i‘ the cut-off frequencies are obtained with
Formulae (C.2) and (C.3): $
[, 1 1 R\
flow(Q):fO[ 1+_2__] \O (C.2)
40 20 &
QS
1 1)O°
fhigh(Q):fO[ It—s+—— | (€.3)
4Q° 2
The frequencies have been @Qen by multiplying Q with multiplicands as given in Table C.1.
Tabte C.1 is given in aé&e.ric way in order to allow using the tolerance band for arbitrary frequency
bands %\
??9 Table C.1 — Tolerance band
O
,Z@\]/ Lower limit [dB] Upper limit [dB] 1(‘3:::::;:3“[’2?)] Renmark
%W(Q/i‘}) - Inf -50 Inf stopband
f=hiow(Q/5) -57,0 -47,0 10 transition band
f=how(Q/4.5) -53,4 -43,4 10 transition band
f=fiow(@/4) -49,3 -39,3 10 transition band
f= fow(@/3,5) -44,7 -34,7 10 transition band
f=fiow(@/3) -394 -29,4 10 transition band
f=fiow(@/2,5) -33,2 -23,2 10 transition band
f=fiow(Q/2) -25,8 -15,8 10 transition band
f=fiow(@/1,5) -17,0 -7,0 10 transition band
f=fiow(@/1,4) -14,5 -5,5 9 transition band
f=fiow(@/1,3) -12,7 -4,7 8 transition band
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Table C.1 (continued)

fl1/m] Lower limit [dB] Upper limit [dB] }::L?::lcs“[g?)] Remark
f=fiow(@/1,2) -10,3 -3,3 7 transition band
f=fiow(@Q/1,1) -7,8 -2,8 5 transition band
f=fiow(@/1,05) -57 -2,7 3 transition band
f=fiow(@) -3,3 -2,7 0,6 CUT OFF
f = fiow(@/0,95) -3,2 -1,2 2 pass band
= fronf676:9 27 67 > passbamd —
£= fiow[@/0.8) -1,7 -0,1 1,6 passband () U
f=fiow[@/0,7) -1,0 0,0 1 pass band ()
f=fow[@/0,6) -0,7 0,0 0,7 pass bqu\ )
/= fow(2/0,55) -0,6 0,0 0,6 passband
£= fiow[@/0.5) -0,5 0,0 0,5 phss band
£= fiow{2/0,45) -0,4 0,1 0,5  (“ypassband
f=f,,(Q/0,4) 0,3 0,2 0,5, |passband
f=how(2/0,35) -0,2 0,2 040" pass band
f = fnign{@/0,35) -0,2 0,2 (%4 pass band
f = /nigd(Q/0,4) -0,3 0,2 ‘\Q 0,5 pass band
J = fnign{@/0,45) -0,4 0,1 5\0.\\ 0,5 pass band
f=/hig(@Q/0,5) -0,5 0,0 W< 0,5 pass band
f = fnign{@/0,55) -0,6 0,0 \\\} 0,6 pass band
f = fnig(@/0,6) -0,7 O,Q\Q)\ 0,7 pass band
f=fhig(@/0,7) -1,0 ..(976 1 pass band
f=nign(@/0,8) -17 L -01 1,6 pass band
f=Fnigd(@/0,9) -2,7 ’\\\) -0,7 2 pass band
f = fhigh{@/0,95) -3,2 L -1,2 2 pass band
f=fulen(@ -33 5 -2,7 0,6 CUT OFF
£= frignl@/1,05) -57C )~ 2,7 3 transition band
f= higd(@Q/1,1) ,:@ : -2,8 5 transition band
f = fnig(Q/1,2) G\\\:1)0.3 -3,3 7 transition band
f = fnig(Q/1,3) AQJ -12,7 -4,7 8 transition band
f=fnig(Q/1,4) AV:(‘ -14,5 -5,5 9 transition band
£= Fuig@/1,5) 5] -17,0 7,0 10 transition band
=/ (Q/@Y”\ -25,8 -15,8 10 transition band
f=fhijE@.ﬁ)3) -33,2 -23,2 10 transition band
f = fnign(Q/3,0) -394 -29,4 10 transition band
f = fnign(@Q/3,5) -44,7 -34,7 10 transition band
/= fnign(Q/4) -49,3 -39,3 10 transition band
f = ign(Q/4,5) -53,4 -43,4 10 transition band
f=Fnign(@Q/5) -57,0 -47,0 10 transition band
f2 frign(@/54) -Inf -50 Inf stopband

26 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=8624ef2c5485902645bc7d8d1658183b

	Foreword 
	1 Scope 
	2 Normative references 
	3 Terms and definitions, symbols and abbreviations 
	3.1 Terms and definitions 
	3.2 Symbols and abbreviations 

	4 Description of the track coordinate system 
	5 Definition of track geometry parameters 
	5.1 Track gauge 
	5.2 Alignment 
	5.3 Longitudinal level 
	5.4 Cross level 
	5.5 Twist 
	5.6 Other parameters 

	6 Measurement requirements of track geometry 
	6.1 General 
	6.2 Measurement conditions 
	6.3 Measuring systems and evaluation methods for longitudinal level and alignment 
	6.3.1 Measuring systems 
	6.3.2 Evaluation methods 
	6.3.3 Relationship of measuring systems and evaluation methods 
	6.3.4 Wavelength 
	6.3.5 Chord length 

	6.4 Resolution and range of measurement 
	6.4.1 Resolution 
	6.4.2 Range of measurement 

	6.5 Output requirement 

	7 Assessment method of track geometry 
	7.1 General 
	7.2 Peak values of isolated defects 
	7.3 Standard deviation 
	7.4 Others 
	7.4.1 Power spectral density 
	7.4.2 Track quality index 


	Annex A (informative) Additional analysis and parameters 
	Annex B (informative) Measurement of acceleration 
	Annex C (normative) Filter requirements 
	Annex D (informative) Background to filtering 
	Annex E (informative) Decolouring process 
	Bibliography 

