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Background

e Rail grinding objectives
— Correct rail profile
— Remove surface fatigue
— Remove rail corrugations
— Minimize noise
e Manage?
— Measure and monitor, quality assurance

— Requires meaningful assessments of “good”, “adequate”,
“unacceptable”
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Magel, Oldknow (CM 2018)

* Effect of alignment algorithm
— Generally small for high rails
— Greater for tangent and low

* Average, RMS, 10t or 25t percentile?

* PQI of an average profile versus average of all PQl
values?

* Choose to segment curve into smaller sections?
— Example in paper: £ 10% (e.g. 75 to 86 vs avg of 80)




Conformality

* Closely Conformal
0.1 mm (0.004”) or less
* Conformal
0.1 mmto 0.4 mm
(0.004” to 0.016”)

Vv * Non-Conformal
/. (a) 0.4 mm (0.016”) or larger
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1 point contacts | 2 point contacts

100% GQl gives a range of conformality values
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and hence a range
of contact
conditions




Metal Removal Graph [perpendicular] - "NYCT-TANG"

Metal Removal Graph [perpendicular] - "NYCT-TANG"
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Profile deviation index

* What is most important to contact mechanist?

— Functional performance of the shape
* Conformality (especially for a high rail)
* Contact band radius
* Avoidance of stress raisers (e.g. strong facets)
* Max deviation in critical areas

 What is most important to rail grinding manager?
— Position of running band (not known during grinding)
— Running band radius (can be measured)

— Area difference
* Metal removal required to get “perfectly” to shape
* Metal removal required to get “close enough” to shape

— Not worrying about deviations in areas that don’t matter
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Profile Deviation — weighting functions
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PDI Examples — Low Rails
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PDI Examples — Tangent Ralil
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PDI — future work

What levels of profile deviation are “acceptable”?

Can PDI be related to meaningful consequences — e.g.

amount of grinding required, impact on forces or
damage?

— If so, then are there economically justifiable PDI
targets/thresholds?

=> |CRI project on “profile scoring”

How best to score a segment of track? Is using an
average profile sufficient?
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Equivalent Grinding Quality Index (EGI)

RCF Quantification - Towards Rail Grinding Best Practices

for Australian Heavy Haul Rail

November 2013
Conference: World Congress on Railway Research - At Sydney, Australia

Authors:
Dhamodharan Raman L Rajkumar Devadoss
Gopinath Chattopadhyay Dwayne Nielsen
i Federation University Australia -
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Profile Deviation (PDI) :

Outline

Surface Damage (SDI) ~ Combined Index

Rail Corrugation (RCI) -

Noise, vibration?

ICRI Webinar June 2021

16



Rail Corrugation Index (RCI)

Corrugation Analysis Trolley (CAT)
RailMeasurement LTD
https://www.railway-
technology.com/contractors/track
/rml/attachment/rml1/
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Direction of travel _
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=3 RCI ARMapp Visualization

Rail Corrugation Index
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RCI refinement

* Current color scheme/thresholds arbitrary
* Need to associate corrugation levels with
— Noise
— Vibration

— Past experience

T

LRLY
ARIANEER :
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RCl - 3.86

RCI-31.4

RClI - 68.37
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Other related work

University of Manitoba - focusing on RCI

* Rail corrugation is a direct contributor to
vibration and noise

* Working with field data to compare versus
accelerometers and noise.

e What are the costs of each at various levels?

ICRI Webinar June 2021 22




o [Noe ...
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Rail Surface damage - SDI
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Pre-grind

Post-grind

Change as a
result of
grinding
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SDI work ongoing

* Working directly with RAW data (0.5mm
intervals)

— Automatic removal of welds
— Various block sizing

* |s crack density an important parameter?
* What segment lengths should be considered?

ICRI Webinar June 2021
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Equivalent Grinding Index (EGI)

 Meaningful combination of PQl, SQI, and CQl

* Example: using simple weighting coefficients

Whpor « PQI + Wsgp - SQI + Wegp - CQI
Wpor + Wsor + Weor

* Or as ascaled vector

E_GI_WPQ,-PQ1-2+WSQ,-SQI-j+WCQ,-CQ1-l€

EGI =

1
2 2 213
[WPQI + Wso1™ + Weor ]2

Magel/Oldknow 2018
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Combined Index - visualizations
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Evaluating the combined index

SDI
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PDI
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Site 23: M1 MP 11.0 West

Site 23: M1 MP 11.0 West
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Noise Quality Index

* Challenges

— Most often done inside
the vehicle

— Changes with
environmental conditions /
seasons

T

"y
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Vibration Index (VBI)

Axle box (or rail) mounted accelerometers
Monitor surface quality of wheel/rail interface
Focus on vertical vibrations

Can be displayed the same as noise

NOT effectively measured with ride quality
systems which capture acceleration on the truck
or car body



Conclusions

 New Technologies -> improved opportunities for meaningful quality
indices

 PQI/GQl is mature
— Provides practical measures for rail grinding
— Gives little practical insight into suitability for performance
=> PDI has been developed

* SDI—-improving technology, manage risk

* RCl - especially important for passenger rail, measurable and
manageable

 EQI - to balance tradeoffs, mapping and reporting
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Summa 'Y (where are we going from here?)

PDI: refinement to weighting

SDI: exploring crack density, comparing visual
with index, changes with rail grinding

RCI: ongoing project with University of
Manitoba

Noise and Vibration indices being considered



Collaboration?

Looking for strong, aligned correlated sets of
CAT + (external)Noise + Accelerations

Weighting functions for PDI?
Atlas of eddy current+surface cracking images
Atlas of CAT + corrugation images

ICRI Webinar June 2021
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Step 2

Original Metal Removal
Plot

“Under” Grouff/\\\
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“Over” Ground

Scaling

Apply Scaling
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Metal Removal
Curve
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Resulting Met

al Removal Plot

Step 3

Rectified Meta

| Removal Plot
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Step 4
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