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Rail maintenance in general
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Vehicle – Track Interaction

Dynamic!
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Dynamic Forces & Vibrationsy
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Load Transmission

vertical

C t t

vertical

Contact area 
(elliptic)longitudinal

laterallateral 3‐dimensional

Rolling – Sliding / Creeping
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Elastic Bodies in Contact

Rolling and Sliding 

a bDistancea bDistance

Difference in length: Rail – Wheel: „Micro‐slip“
(within contact area)
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Three‐dimensional Bodies in Contact
Wide‐zone‐contact

Rolling

R > > > >

g

Sliding
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Rail Maintenance by Grindingy g
Metal Removal  (Artificial Wear)

Corrugation
Profile deformation
DamageDamage
Fatigue

Defect Elimination – Longitudinal Profile & Vertical
Contact Geometry – Transverse Profile & Vertical y
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Applications for Rail Grindingpp g
Longitudinal 
profile correction

Short pitch corrugation removal (tangents)
Short wave formation removal (curves)

Transverse 
profile correction

S f d

Flat railheads, lips
Improvement of contact conditions (WAP)
B ll t t i i t th i i tSurface damage 

removal

Surface fatigue

Ballast stone imprints, other imprints
Irregularities at welds
Head checks (gauge, centre)Surface fatigue 

control
Head checks (gauge, centre) 

Corrugation removal, Fine surface finishNoise reduction
Squats, Studs, Flaking, Spalling

Special profiling Reduction of lateral wear
Equivalent conicity, gauge widening
Reduction of fatigue
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Grinding Strategy - Definition g gy
Regularly programmed (pre‐scheduled) or 
repeatedly executed maintenance work

• When should the grinding action take place?
(I t ti th h ld)

repeatedly executed maintenance work

• What should the grinding process achieve?

(Intervention threshold)

(Defect correction = Metal removal)
(Contact Geometry Correction = Target profile)
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Maintenance Strategiesg
Corrective grinding

Symptom related grinding

Cyclical grinding

Preventive grinding

Cyclical grinding

Initial grinding (new rails)

Cyclical grinding
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Corrective Grindingg
Removal of (severe) defects such as:

Corrugation, Plastic deformation, 
S f d S f f tiSurface damage, Surface fatigue

Metal removal:

Restoration of optimal conditions

Small defects (< 0.1 mm) ‐ Severe defects (> 1 mm)
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Example - Surface Damagep g
BALLAST STONE IMPRINTS (up to 0.5 mm deep)

Yearly campaigns 0 3 mmmetal removalYearly campaigns, 0.3 mm metal removal
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Example - Corrugationp g
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Symptom based grindingy p g g

C i l h i h h ldCorrugation removal when passing a pre‐set threshold

Choice of threshold with respect to
economic and technical considerations

Surface damage / Fatigue ‐ Visual detection, recording
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Examplep

ExecutionPlanningWave lengthLine Speed

Intervention Thresholds DB Netz AG

Execution
Depth [mm]

Planning
Depth [mm]

Wave length
[mm]

Defect Type
Line Speed
V [km/h]

10 ‐ 100
0.070.05120 ‐ 160

0.100.07

Short pitch 

< 120

10  100

0.030.02> 200

0.050.03160 ‐ 200 corrugation

0.500.40300 ‐ 1000Long waves
0.200.1030 ‐ 300Short waves 
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Execution - Fixed Threshold

E ti f i di i

Symptom‐based periodic maintenance (example corrugation)

X X + 1 X X + 2 X

Execution of grinding in year:  

]
pt
h 
[m

m

0.10
Depth of corrugation at programming  ‐ year X:

Intervention‐
threshold

fe
ct
 d
ep 0.05

0.00

D
ef

2 4 50 Length [km]1 3 6
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Optimized Thresholdp
Grinding work in the course of time
(Corrugation growth: 4 years until intervention threshold)

Strategy „SPECIFICATION“ 1.8 Shifts in 4 YearsStrategy „SPECIFICATION 1.8 Shifts in 4 Years

Strategy „FLEXIBLE“ 1.0 Shifts in 4 Years

X + 4

X + 6
0.45 Shifts

Ye
ar
s]

X + 2

X

0.60 Shifts

0.75 Shifts
1 1 ShiftShift

Ti
m
e 
[Y

2 4 50 1 3 6 Length [km]
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Preventive grindingg g
Treatment before 

measurable / significant defects appear

Removal of usually small quantities of metal,
Minor transverse profile corrections 

Metal removal: 0.1 – 0.3 mm / intervention
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Cyclical grindingy g g
Repeated removal of the top surface layer, 

i i f filminor correction of transverse profile

Intervention cycle depending on damage development
(mainly experience in future recordings)(mainly experience, in future recordings)

(e.g.  15 – 150 MGT, 0.1 – 0.3 mm metal removal) 
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Alternative Grinding Cycles g y
Higher QualityHigher Quality
Longer useLonger use

D
ep

th Damage levelRe‐active 
strategy

Lower costsLower costs

ve
rit
y 
/ 

MaintenanceMaintenance
+

Quality difference

ProPro‐‐activeactive
StrategyStrategy

m
ag
e 
(S
ev MaintenanceMaintenance

levellevel
Quality difference
= Cost savings

D
am

Time from laying [years] / Tonnage [MGT]Time from laying [years] / Tonnage [MGT]



Initial grindingg g
Providing of best possible contact 

and running conditionsand running conditions

Minimizing the dynamic forces

Maximum delay of damage 
fformation

and development
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New Rails
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Application of Initial Grindingpp g
All major European Railroads

Newly constructed lines
(particularly high‐speed)

After re‐railing in main tracks

(p y g p )

g
(sometimes up to 6 months 

later)
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Target Profile

“Re – Profiling”Re – Profiling

New Profile
+5°

New Profile
‐70°
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Special Profile Grindingp g
Wear Reducing Profiles
(“ d ”)(“Asymmetric Grinding”)

Vehicle Behaviour Improving Profilesp g
(“Gauge Widening Profiles”)

Fatigue Reducing Profiles

(S i bi d i h h li i )

Fatigue Reducing Profiles
(“Anti‐Head Check Profiles”)

(Sometimes combined with other applications)
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Conicity and Self - Centeringy g
1 : 20 / 1 : 40Lateral

movement

Self ‐ centering
(Tangent)

Radial positioning
(Curve)
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Positioning of Axles g
R

M
Radial

M

Angle of attack R
ψ

M
ψ

ψ Under-radialUnder-radial
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Typically Worn Rail Profilesyp y

R2R1 

High  RailLow  Rail

Left hand  curve
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Specific Profiles ÖBBp

RR
R2R1 <
R2R1

Low  RailLow  Rail
UICUIC (( T lT l))

High  RailHigh  Rail
UIC UIC ((negneg TolTol)) AAsymmetricsymmetric
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Specific Asymmetric Profilesp y
High Rail Low Rail
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Ofotbanen (JBV)( )

i h il fil dHigh‐rail profile and contact zone
Low‐rail profile and contact zone

GEOMETRIA
DEL PERFIL
C.A.R.T.
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Convex Profile ÖBB

R 22
R 60 R 130

Nominal gauge widening:
60E1

1.5 mm per rail compared to standard  60E1 1:40

Profile design by Austrian Railways (ÖBB)
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Different Profiles
Specific Specific 
G i diG i diBeforeBefore GrindingGrinding

Convex ÖBBConvex ÖBB
Before Before 
GrindingGrinding

StandardStandardStandard Standard 
GrindingGrinding

UIC UIC 60 /60E160 /60E1//
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Effects: Before / After Grindingg
Acceleration wagon I horizontal

Track
GroundTrack Ground

Convex
Profile

Track
Not

Ground
Profile
ÖBB

Acceleration bogie II horizontal
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Profile Changes - Wheelg
Hollow‐worn Wheel Profile

Design Wheel Profile

Design Rail ProfileDesign Rail Profile
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Contact Area Changesg
Hollow – Worn ‐ Wheel

Design Rail Profile

OVERLOADING

Wear AdaptedWear Adapted 
Profile (WAP)  
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WAProfile – Example TRV (2000)p

[mm][mm]

Radial difference between profiles:

1 0 mm

BV 50 1 : 30

1.0 mm
Reference: 60E1 1:30

MB 3
MB 1

21‐23 October, 2015 • Derby, UK 39



Squats, Studs & Belgrospiq g p

21‐23 October, 2015 • Derby, UK 40



Head Checks
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Typical Contact Conditions - HCyp
Important: Target Profile and Production Tolerances

Critical contact zone
(High Contact Stresses)(High Contact Stresses)

High railHigh rail
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AHC - Profile (Example ProRail)( p )
= 54E1

= 54E1 AHC
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AHC-profiles (“Innotrack”)p ( )

Gauge Corner Relief !

0.2 mm
60E1 1 20 AHCP SNCF

Radial difference between profiles:

Reference: 
60E2 1:4054E1 AHC 1:40

60E1 1:20 AHCP SNCF

= 54E5 1:40 60E2 1:40

NR HR 1 1:20
60E2 1:40 ‐0.6 DB AG

54E1 AHC 1:40 54E5 1:40

60E1 1:20 AHCC SNCF
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Incomplete Corrective Grinding 
Defect Development

s

Small Effect of
Cyclic Grinding 

I l tdi

severe

e 
cl
as
se
s Incomplete

Corrective
Grinding 

medium

D
am

ag
e

Cyclic Light Grinding
light

RC
F 

S P R il

good

TonnageSource: ProRail Tonnage 
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Complete Plus Cyclic Grinding
Defect development

s di Complete

severe

e 
cl
as
se
s medium Complete

Corrective
Grinding

D
am

ag
e

light

Cyclic Grinding

RC
F 

good

TonnageS P R il Tonnage Source: ProRail
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Initial & Preventive Grindingg
es

Severe
Defect Development

ge
 C
la
ss

Medium

F 
D
am

ag

Light
Initial grinding

Cyclic GrindingCyclic Grinding

Good

RC

Tonnage

Initial grinding

Tonnage 
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Special Target Profilesp g

Routine Operation

Interaction

Routine Operation

Wear – Fatigue – Running behaviour

Maintenance Strategy
Initial / Corrective / Preventive / Cyclical
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Other Maintenance Strategiesg
Special Profile grinding

Acoustic Grinding (Noise Reduction) 

Switch grinding (Grinding Rail in S & C)

Integrated grinding campaigns
(Combination with other work(Combination with other work,
e.g. tamping)
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