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scope of presentation

Wheel/rail noise
— historical background
— types of wheel/rail noise
— wheel and rail irregularities and noise

reprofiling and corrugation development
— good and bad practice

Standards to control irregularities

Measurements
— corrugation, acoustic roughness and long waves (rails)
— OOR, corrugation, acoustic roughness,.. (wheels)

conclusions
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sources of wheel / rail noise

Bender, Remington, Galaitsis, Rudd, Ver
(BBN, 1976)

1. rolling noise:

wheel and rail “roughness” critical

2. 1mpact;

wheel / rail discontinuities
could consider as special case of 1.

3. squeal:

stick/slip: difference in static / dynamic friction critical

“tonal” response: excitation of lightly-damped wheel
resonances

“friction modifier” is an excellent practical control

can affect slightly by grinding to improve steering, and
thereby reduce “angle of attack™

Here we discuss noise excited by wheel & rail
irregularities.



Wavelength ranges of interest

20m/s S50m/s
(72km/h) (180km/h)

audible ground-borne noise 25-250Hz | 800-80mm |2000-
200mm

structure-borne noise 100-2000Hz | 200-10mm | 500-25mm

wheel-rail rolling noise 100-5000Hz | 200-4mm 500-10mm

* large range of wavelengths of interest

— at least 4-500mm just for rolling noise at
typical train speeds

— 4-2000mm for rolling noise and ground-borne
noise



model of wheel / rail rolling noise
generation (DJT, 1991)

Fig. 1

roughness: excitation

 excitation of dynamic
behaviour by
wheel/rall
“roughness’” i.e.
irregularities

 control noise by
— controlling roughness

dynamics:
response to
excitation

— modifying dynamic
behaviour

— affecting propagation

propagation: how noise
gets from wheel&rail to
Noise measured at wayside the listener

Model of Remington (1988)
is similar

A framework for wheel-rail noise generation




Increase in dB(A)

t
]
*
:&
\
\
\

How much do irregularities
influence air-borne noise?
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* >10dB increase in
noise with
corrugation (“short”
wavelength)

. removal of
irregularities can
reduce noise by >10dB




reduction in ground-borne noise (dB)

4+ 30-100mimn
< 100-1000rmm

| 0.3-0.6km for WAL-BHR SE

| | 1
1] ] 10 15
reduction in roughness (dB)

20

* noise data from 4 sites courtesy of James

Shepherd, N&V Engineer, London
Underground

corrugation pre/post grinding from
Schweerbau GmbH (CAT)

How much do irregularities influence
ground-borne noise?

in-property noise reduction
correlates roughly with
reduction in “roughness” in
100-1000mm wavelength
range

— 20-200Hz for 20m/s
(50mph)
— 25-250Hz considered the

range for “audible ground-
borne noise”

expect in-vehicle / air-borne
noise to correlate better with
short wavelength roughness

— reduction in 30-100mm
roughness with grinding is
much greater than the
reduction in 100-1000n’gn
roughness



rail corrugation and wheel / rail noise:
the influence of reprofiling

* rail corrugation is the main cause of excitation
of wheel and ralil, and therefore of noise

* removal (or prevention) of corrugation is
therefore a critically important way of
reducing wheel / rail noise

— prevention:

» asymmetric profiling to improve curving and reduce
corrugation in curves

» reduce irregularities: “prevention” where discrete irregularities
e.g. welds are critical in corrugation initiation
— reprofiling (mainly grinding) is otherwise a “treatment”
of corrugation, albeit one of the most widely used and
most effective 9
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* reduction in 30-100mm corrugation: 12 passes
— >0.050mm RMS 1nitially
— <0.003mm (0.12 thou) RMS after 12 passes
* measurements (at Tmm interval) during grinding
using train-based equipment
— accuracy of microns

915
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reprofiling
what is possible and what should be avoided?

Main RMS: 13.3pm Exceedence: 57% (0.112km) =bpm Comparison RMS: 2 4um Exceedence: 2% (0.004km) >bum
100— S . . . . £ P— B
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Fri— rougnness
30- =

rel 1HmRMS
=
T

grinding poorer:
- residual corrugation Tl GRS PR R R
- high roughness

- spectrum well above
ISO3095




relative change in roughness (dB)

20

-20
-30

40

» Typical reduction in roughness of 10-20dB in

Effect of reprofiling on

irregularities

typical

increase in foughness

dec:re:a‘s‘ jniru:ljgl‘:anes‘.:s

10° 107
wavelength (mm)

relative change in roughness (dB)

20

-20

-30

40

s}

incrda n :ru(:.lghjnesis

decreaseini raughness |

extremes

10°

wiavelength imm)

mid-wavelength range (30-300mm).
 |ncrease in roughness for A<30mm

12



regrowth of corrugation

—+— Day -2
——Day 1

—+— Day 24
—— Day 57
—— Day 92

8.8 8.85 8.9 8.95 9 9.05 9.1 9.15
Position (km)

* 30-100mm corrugation on metro (measured with CAT)
— well developed after only 2 months

« note that corrugation develops rapidly from very small
residual corrugation (<4um RMS)

NB This is not typical: very rapid development

13




EN / ISO standards relevant to

reprofiling and irregularities
EN 1SO 3095

— acoustic type testing of vehicles

EN 15610: 2009

— rail roughness measurement

* now contains the specification for rail roughness measurement
that was once in EN ISO 3095

 forms basis of EN for wheel roughness measurement

EN 13231-3:2006

— reprofiling of rails
— also 2012 version for those with lower standards

EN 13674-1

— rail standard

14



Wavelength ranges considered In

Standards

(European and International)

maximum (mm)

minimum (mm)

EN 15610 250 3.15
EN ISO 3095 630 3.15
EN 13231-3 1000 10

« EN15610 is adequate for w/r rolling noise for low
speed traffic ( < 20 m/s)

« EN 3095 is adequate for w/r rolling noise for higher
speeds ( < 50m/s)

* Only EN 13231-3 approaches sufficiency for ground-

borne noise

— but 1t 1s not an acoustic standard

15



EN ISO 3095:2005 & EN 15610:2009

« EN ISO 3095: acoustic “
type testing of vehicles

— specifies the limiting roughness
spectrum for a site to be

[ A ]
]
T

y rails (CAT)

)

s8]
=
T

dBE rd 1 micron

\

aaaaaaaaa

for this purpose g
S0t
— strictly not a standard for -
(44 . ’9 . 20k . . . ~
allowable corrugation”, but 1s ails straight edge)
nevertheless useful i w w i

wavelength (mm)

* more demanding than EN13231-
3:2006

— similar (lower) levels specified
for TSIs in Europe (rules for
interworking of trains)

« EN 15610 has the same roughness limit

16



* European standar

Table 1 — WiAidow lengths

EN 13231-3:20006

eprofiling of ralils

most significant
wavelength ranges

Wavelength range (mm) 10-30 /30- 100 100-300 '\ 300 - 1 00D
Window length (m) 0.15 JARE 1.5 5
Table 2 — Maoving a/erage of RMS amplitude limits \

Wawelength range {mm) 10 - 30 I 30 - 100 100 - 300 \ 300 - 1000

Limit of mowing average

of RMS amplitude {mm) 0.004 I 0.004 0.012 0.040
Table 3 — Moving avdrage of peak-to-peak amplitude limits

Wavelength range {mm] 10 - 30 30- 100 100 - 300 300 - 1 000

Limit of moving average

of peak-to-peak 0,010 0,010 0.030 0,100

amplitude (mim)

Table 4 — Acceptance criteria for longitudinal profile expressed in terms of allowabe percentages of

track exceeding moving avenrage RMS or peak-to-peak amplitude lim

Wavelength range

wx  /

{mm) 10 - 30 \3n-1-:-:- 100 - 200 / 300- 1000
Class 1 5 % \ 53 59 10%
Class 2 Mo requirement \Q] %

Mo requirement

« EN 13231-3:2012 has more generous limits for
allowable residual irregularities

17




EN 13674-1:2003

* European rail standard

— vertical flatness of new rails
e Class A

<0.3mm over 3m chord
<0.2mm over 1m chord

e Class B

<0.4mm over 3m chord
<0.3mm over 1m chord

At least 95% of rails to be within limits specified
Remainder to be within 0.1mm of these limits.

These limits are primarily a means of reducing relatively
low frequency (<50Hz) dynamic forces (vehicle ride,
GBV, ballast degradation)

18



R oughness (dB re 1um)

measurement of roughness & corrugation:
manual equipment

straight-edge based equipment
— simple
— slow, bulky, limited measuring length
(Im increments)

trolley (CAT)

— accuracy better than 1pm
— useable by one person
— measure at walking speed (1m/s)

— can also measure long wavelengths
(>1m) and welds

results from
CEN test of
EN15610: CAT
is “H”

Il 1 1 1 ] 1
0.25 0125 0063 0035 0016 0.003 0.004
143 octave band certre wavelength (m)




vehicle-based
equipment

» systems for
— rail grinders /
reprofiling trains s

_ hi-rail or similar

— self-contained trolleys

e measure microns at up
to 50km/h



How good is an instrument?

« Can an instrument be “calibrated” or
even “validated” for measurements of
long wavelength?

 |f not, how can we tell whether or not an
instrument is “correct”™?

« Can we tell how correct it is?
proposal

If repeatability is better, then
equipment is better.

21



an objective and relevant assessment of
“repeatability”

RailMeasurement Versatile RCA

Line: bolivar|  Description: abuot 31km, 8km/h °  Runstart:|01:00:23 24-Jan-13
Track: Track Name i Train: The Train
File start: 31.900 km End: 30852 km Leading Cab: A Operator: | CSW
Filename: 124110023_01 & c:\Users\Stuart\Documents\2013 projects\RCA\Aurizon\BolivarlRCA\bolivar_Track Name_20130124112157_01 Supervisor: CSW
Wavelength: Corr. raw
Main RMS: 105.9um Exceedence: 0.4% (0.000km) >300pm Comparison RMS: 111.2um Exceedence: 0.5% (0.000km) =300pm
L  500- _ 100 T
£
= 200- @
o 0-
8 3
& -200— =2
[ R R A N P A
-500-, | | | | | | | 1 1 | 0 100 200 300 400 500
31.550 31.555 31.560 31.565 31.570 31.575 31.580 31.585 31.590 31.505 31.600
Main RMS: 110.4pm Exceedence: 1.3% (0.001km) >300um Comparison RMS: 113.8um Exceedence: 1.4% (0.001km) >300pm
R 500— 100 T
g s0- '
— 200 @
G g
g " g
0 200- E 20-
0 | | ; | |
-500- 100 200 300 400 500

] ] ] ] ] | | ] ] ] ]
31.550 31.555 31.560 31.565 31.570 31575 31.580 31.585 31.500 31.505 31.600
Position (km)

Abs Disp (um)

« Two measurements with RCA under same
conditions over 50m of track.

— raw displacement “looks” repeatable

[ ¥ Main trace] ¥ Gomp| [ Mono| @Qnd] [ Exceed level (um)| -/300 | I Show [@ Graph| O Report| (%)]-10 ] [U E&@eptlor-%f]

22



Objective assessment of repeatability
* Percentage difference in measurements

1= *‘5-4— 5&‘* 100 |ss452
where s, and sg are RMS amplitudes of
irregularities for runs A and B, which are made
under identical conditions e.g. speed,
direction,....

 calculate y for

— same section of track (10m lengths)

— different wavelength ranges (10-30mm, 30-
100mm,....,1000-3000mm)

» express as fractional exceedences 23



fractional 100-300mm

o 1
5 0.9 I i
Sos [ J -~
exceedences e
£0s s
10-30mm : Ez ) -
g Y — — RCA
g 0.; /" 7/ g g:i
; g? l'-’: ° 0 20 40 60
% g(; 7 percentage difference in RMS values
Zo. CAT
03 - | perfect 300-1000mm
=01 g 1 7
0 0 20 40 60 repeat— E g:z I’//
percentage difference in RMS values vea ; g; '}/
— ] abI|ItY of i —an
o« |CATin30-| £/

z :' 1 OO m m ° 0 20 40 60

percentage difference in RMS values

on less than difference
oo oo

o

o3t % |band 1000-3000mm
i 0.; = ,I : 0.; .’ /
0 20 40 60 E 0.8 | ‘_/
i i 07 J /
percentage difference in RMS values E 06 : /1-/
vy 2 g:i — CAT
« perfect repeatability corresponds to  :-: e
. Ly
exceedence of 1.0 for difference of 4

20 40 60

O % I n R M S Vv a I u e S percentage difference in RMS values

24



effect of speed on reproducibility

B4 RailMeasurement MSRCA: Displacement Log, S{=1ET B4 RailMeasurement MSRCA: Displacement Log
Blle Filters Rdler compensation Main Blot Exceedence Plot Excepiions Logs Fle Filters PRoller compensation MainPlot Exoeedence Flot Excepfions Logs
Line: Southern Carridor . Description: | Cootamundra Tasting Run slanial.26'55 13-May-11 Line: Southern Corridor | Description: | Cootamundra Testing Run snaniﬁlze—5s 13-May-11
Track: Up Road Train: |RIV789 Track! Up Road Train: | RIV789 |
File start: | 420,000 kim End: 427,309 km Operator; | Paul Everitt } File start: ‘ 429.000 km End: 427,300 km Operator: | Paul Everitt !
Fllename:i 110513102655 _01 & d\2011 projects\MSRCAN1 10513 MSRCA\Southern Corridor_Up Road_20110513101611_01 Supenvisor: | Paul Everitt | Fl\enams:i 110513102655 01 & d\2011 projects\MSRCAL110513 MSRCA\Southern Corridor_Up Road_20110513101611_01 Supervisor: | Paul Everitt |
Wavelength: 1000-3000mm Wavelength: 10-30mm
Main RH]S: 218pm Exceedence: 10% (0.074km) >300um Comparison BMS: 1789um Exceedence: 8% (0,064km) >300ur Main F;IE'&S? 1pm Exceedence: 0% (0,000km) >10um Comparison RMS: 1um Exceedence: 0% (0.000km) >10pm
LR 100, T L - 100 T
! 1
N U I IS L O O I Y I L O ” i = | ~ 80—}
T ' ‘ MY ‘ = i = 3
5 I | i 8 ! £ 8 60-
2 g L | ' 'y 5 | 3 5 g
& 11l | | i | Il i J | ‘ L f B g o
a - J - £
= (B O o, L ) o | (] 1 ! b I ] i A0+ & -
s M1 ' ' ' . | ‘ | \ | 1y ' G o) ! | | | | | | | | ! ! ! ! Uney e
427380 427450 427500 427550 427600 427650 427.700 427750 427500 427850 427.500 427550 428000 428080 L) el el - 1 477380 427450 427500 427550 427500 427550 427.700 427750 427800 427850 427500 427550 428000 428,080 U RSBy - 2
Main RMS: 194um Exceedence: 10% (0.075km) >300um Comparison RMS: 184um Exceedence: 9% (0.065km) >300ur Main RMS: 1um Exceedence: 0% (0.000km) >10um Comparison RMS: 1pum Exceedence: 0% (0.000km) >10pm
R 500 I 1 WUU—\ T R ‘WUU—|| T
\ Tl . w i 5 & o
_m- LT 1 | % ; _ e
= ‘ | 2wkl ‘ | ‘ 1 | 5 | E 5
= "I Ui Il ‘ ‘ ‘ § - i B g -
= -] | | ‘ & ! e 2
| | B NELAI| BN | - I - 2
| o : 2 L e S s i i it Lk
| e e e (O o e T i i
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e Measurements at 40km/h and 50km/h over
700m

— 1000-3000mm (left), full scale +/-0.500mm
— 10-30mm (right), full scale +/-0.020mm

e can develop objective measures of

repeatability and reproducibility 25



one-third octave spectra
(6-5000mm)
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» excellent reproducibility of RCA

» good correlation with CAT for A>20mm

Lai g
10

— short waves slightly underestimated by RCA
contact
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Left

Right

Line: 2220-1
Track: Hamm-Miinster

Run Start: 120.000 km
Run End: 120.994 km

RailMeasurement

Versatile Rail Corrugation Analyser

Train: SF-03 Date: 09-May-2013
File: 2220-1_Hamm-Munster_20130509030405_01 Page 10of 2
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presentationof
corrugation
data

* 4 wavelength
ranges, both
rails, 500m per
page

* percentages
noted out of

prescribed
limits 27



Wheel irregularities

* measurements using RML “TriTops”
iInstrument
— developed 1n collaboration with ISVR

— measures OOR, roughness, general irregularities
(flats etc), diameter

28
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analyses of interest for both acoustics and

maintenance
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periodic out-of-round (OOR

Raw data on line 2
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» very graphic demonstration of OOR
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conclusions (1 of 2)
hand-held and vehicle-based equipment
Is available that is sufficiently accurate
to measure irregularities that are
important for corrugation and reprofiling

— suitable for wavelengths of at least 10-5000mm

equipment is also available to measure
wheel irregularities

the level of acoustic roughness on worn
wheels is similar to that on worn rails

the wavelength range considered In
Standards is barely sufficient for the full

range of wheel/rail noise >



conclusions (2 of 2)

» short wavelength irregularities influence
air-borne noise, long wavelength
irregularities influence ground-borne
noise e.g. for 50m/s

— 10-500mm: rolling noise
— 200-2000Hz: audible ground-borne noise

* reprofiling (grinding and milling) typically

— reduces 1rregularities 30-1000mm, primarily
30-300mm

— 1ncreases roughness A<30mm

— has little effect on irregularities A>1m -



