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1.1 Effect of temperature
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RCF damage is severer in winter

High speed train wheelLow temperature
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1.1 Effect of temperature: Experimental equipment

 Wheel/rail twin-disc rigs

 Low temperature (0~-60℃)

JD-1 wheel/rail simulation rig

Twin-disc rig with temperature control system 

Temperature 
control 
system 
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1.1 Effect of temperature
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1.1 Effect of temperature

 At low temperature: RCF↗↗

 Low T from -15℃ to -40℃ : RCF ↘

 Wear ＆ RCF: similar trend

20℃ -15℃ -30℃ -40℃

Temperature
Surface cracks

Angle (°) Depth (μm)

20 ℃ 8.14±2.11 11.76±2.21

-15 ℃ 14.28±8.38 12.06±10.41

-30 ℃ 10.66±5.59 6.20±2.17

-40 ℃ 9.33±3.77 7.68±2.76

Temperature
Subsurface cracks

Length (μm)

20 ℃ 38.77±2.89

-15 ℃ 74.97±51.33

-30 ℃ 57.76±46.84

-40 ℃ 52.69±39.14

RCF
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1.1 Effect of temperature

Temperature↘:

 Ultimate tensile strength Rm ↗

 Yield strength Rp0.2↗

Mechanical properties
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1.1 Effect of temperature

Cycles number

Mechanical properties

Repeated tension and compression test
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1.1 Effect of temperature
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 At low temperature: RH↘↘, CoA ↗↗, Tangential force ↗↗

 Low T from -15℃ to -40℃ : RH↘, CoA ↘, Tangential force ↘

Adhesion coefficient

Rolling sliding contact
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1.1 Effect of temperature

Room T ↘ low T:

 Strength ↗

 Crack growth rate ↗ (brittleness ↗)

 Wear ↗↗

 RCF ↗↗

low T -15℃ ↘ -40℃ :

 CoA ↘

 Wear ↘

 RCF ↘
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1.2 Effect of windblown sand

Windblown sand environment

Twin-disc rig with windblown sand

1 mm

Gobi sand

1 mm

Desert sand
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1.2 Effect of windblown sand

No sand

Slip ratio: 1%

 Feed rate↗: CoA↘

 Gobi < desert
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13

Wear

1.2 Effect of windblown sand
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14

RCF

Wheel

1.2 Effect of windblown sand

No sand

200 μm

q=0 Rolling direction

Wheel

Oxides

200 μm

Gobi-q=0.1 Rolling direction

Wheel

Oxides

Pit

200 μm

Gobi-q=1.0 Rolling direction

Wheel
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Pit
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Gobi-q=2.0 Rolling direction

Wheel
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Pit
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Wheel

Oxides
Pit

200 μm

Desert-q=2.0 Rolling direction

Wheel

Oxides

Pit
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Desert

Oxides
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15

RCF

Wheel

1.2 Effect of windblown sand
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RCF

Rail

1.2 Effect of windblown sand

200 μm

q=0 Rolling direction

Rail

Surface crack

No sand

Pit

200 μm

Gobi-q=1.0 Rolling direction

Rail
200 μm

Gobi-q=2.0 Rolling direction

Rail

Pit

Oxides

Surface crack

200 μm

Desert-q=0.1 Rolling direction

Rail

Pit

200 μm

Desert-q=1.0 Rolling direction

Rail

Pit

200 μm

Desert-q=2.0 Rolling direction

Rail

Gobi

Desert

Feed rate=0.1 Feed rate=1.0 Feed rate=2.0

Surface damage

 No sand：dense RCF

 Gobi < desert

 Feed rate ↗：RCF↘ 
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RCF

Rail

1.2 Effect of windblown sand

RCF observed on cross sections

Surface crack

20 μm

q=0 Rolling direction

Rail

Broken pearlite

0.0 0.5 1.0 1.5 2.0
0

40

80

120

160

200

240
 

C
ra

ck
 l

en
g

th
 (

μ
m

)

Transport rate (mg·cm
-2

·s
-1

)

 Wheel-Gobi  Wheel-Desert

 Rail-Gobi      Rail-Desert

0.0 0.5 1.0 1.5 2.0
-4

0

4

8

12

16

20

24

28
 

C
ra

ck
 d

ep
th

 (
μ

m
)

Transport rate (mg·cm
-2

·s
-1

)

 Wheel-Gobi  Wheel-Desert

 Rail-Gobi      Rail-Desert



SELF-ASSESSMENT REPORT FOR THE ASSESSMENT OF UNDERGRADUATE TEACHING

181.2 Effect of windblown sand

Crack propagation

Crack propagation
Fatigue delamination 

of oxide layer

Plastic flow

Plastic flow

Broken sand

Fatigue fracture of matrix

Fatigue fracture of matrix

Crack initiation

Crack initiation

Formation of oxide layer

(b) (c)

(d)(e)

(f)

Formation of new oxide layer

(g)

Fatigue fracture of oxide layer
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Matrix
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Wheel
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Desert

Dry

Rail

Gobi

Desert

Dry

Mild

Fatigue wear
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Oxidative wear

Severe

Abrasive wear
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Windblown sand vs. Sanding

1 mm

Gobi sand

1 mm

Desert sand

≈35μm ≈270μm
 For sanding

>1mm

Slip:2%

Twin-disc tests
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212. Microstructure evolution of wheel/rail materials

Pit

Spalling

Crack

Crack

Crack

Locomotive wheel

300μm

Depth （μm）

Hardness HV0.2

Rail

500μmm
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22

Min Max Fraction/%

0

晶界角度/°

15 32.87

15 65 67.13

10μm

Severe 

plastic deformation

Transition area

Substrate

1μm

1μm

1μm

(c) (d)

(f) (g)

(i) (j)

Fibre-like structure

Ferrite plastic 
deformation curve

Ferrite
Pearlite breaks

50 μm

100 μm

150 μm

200 μm

ND

RD
ND

RD

OM SEM inverse pole figure（IPF） Grain boundary figure

ND

RD

Min Max Fraction/%

0

晶界角度/°

15 51.43

15 65 48.57

10μm

Min Max Fraction/%

0

晶界角度/°

15 74.31

15 65 25.69

10μm

(g)

(j)

Wheel，0.91%，850MPa

color—crystal orientation
Black: HAGBs

Green: LAGBs

2. Microstructure evolution of wheel/rail materials

 Pearlite breaks  Ferrite plastic deformation curve

 Fibre-like structure  Grain size decreases



SELF-ASSESSMENT REPORT FOR THE ASSESSMENT OF UNDERGRADUATE TEACHING
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Wheel，0.91%，850MPa

2. Microstructure evolution of wheel/rail materials

Pearlite 

breaks 
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Nanocrystals
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Severe 
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 Pearlite breaks severely

 Nanocrystal structure

Pearlite breaks

shear band
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 Shear band

 Sub-grain
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 Recrystallization
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253.1 Wear rate – Tγ/A model

Wear rate – Tγ/A model：basis of wear prediction

Twin-disc tests

Axle load

Speed

Slip ratio

Wear rate 

Tγ/A 

Wear rate：μg/m/mm2

T：tangential force
γ：slip ratio
A：contact area

Construction of Wear rate – Tγ/A model for individual mateiral 
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263.1 Wear rate – Tγ/A model
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绘图 磨损率 磨损率 磨损率

权重 不加权

截距 3.47154 ± 34.87315 ± 1 -660.35574 ± 2

斜率 1.72598 ± 0.15572 ± 0. 10.65031 ± 2.9

残差平 6525.15696 20783.45241 224783.99383

Pearson 0.56152 0.08535 0.71586

R平方(C 0.3153 0.00728 0.51246

调整后R 0.30369 -0.03408 0.47183

U75V rail

I region： y = 1.73x + 3.5

II region： y = 0.16x + 34.9

III region： y= 10.7x - 660
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I region： y = 3.58x             (x<5)

II region： y = 17.9         (5<x<20)

III region： y= 12.3x – 228  (20<x)
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273.2 Shakedown map construction

Shakedown map：basis of RCF prediction
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塑性安定

弹性安定

弹性状态

棘轮效应

Elastic

Elastic shakedown

Plastic 

shakedown Ratchetting
p0: maximum contact pressure

k: pure shear yield strength

μ: traction coefficient

 Plastic shakedown region

 Ratchetting region
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283.2 Shakedown map construction

Construction of shakedown map for individual mateiral 

 Experimental details

• Different μ values: via different slip ratios

• Different P0 values

 Stable wear/damage state: 40 000 cycles

 Determination of damage types, i.e. shakedown map regions

 Analysis of samples

 Plastic shakedown region: No cracks + plastic flow

 Ratchetting region: RCF cracks

 Elastic shakedown region：No plastic flow

 Elastic region

 U75V rail
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293.2 Shakedown map construction

 Plastic shakedown region: No cracks + plastic flow

 Ratchetting region: RCF cracks

 Elastic shakedown region：No plastic flow

 Elastic region
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303.2 Shakedown map construction

 U75V rail

 Boundaries were drawn according to the RCF damage 
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324 Rail grinding

Rail grinding

RCF damage Profile change (wear)
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334 Rail grinding

Grinding wheel

Rail

Position Normal force Forward speed（km/h） Rotational speed of stone（r/min）

R13, R80, R300 1600, 1800, 2000, 2200 1, 2, 3, 4 2500, 3000, 3500, 4000

R13

R80

R300

Analysis: surface mophology, burn, white etching layer, etc
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344 Rail grinding

Normal force
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354 Rail grinding

1600N 1800N 2000N 2200N

1600N 1800N 2000N 2200N

60μm

-60μm

Normal force↗, roughness ↗

Radius↘， roughness ↗

R300 R80 R13

Normal force
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364 Rail grinding

R300

R80

R13

1600N 1800N 2000N 2200N

Burn

Burn
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374 Rail grinding

R300

R80

R13

1600N 1800N 2000N 2200N

WEL

WEL 
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384 Rail grinding

Good efficiency, good quality

Bad efficiency, good quality

Good efficiency, bad quality
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R13 R80 R300
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394 Rail grinding

Grinding heat

Grinding wheel
Rail

Thermocouple 
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404 Rail grinding

Grinding heat

1km/h

2km/h

3km/h

4km/h

Forward speed
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414 Rail grinding

Grinding heat
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Normal force

Stone rotational speed Forward speed
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424 Rail grinding

Grinding heat

Temperature  vs.  WEL thickness    

Temperature
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No burn

Yellow color
Brown color

Blue color

Ground surface
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1. Wear and RCF of wheel/rail under complex environment

 Low temperature: brittleness & RCF↗

 Windblown sand condition : CoA & Wear ↘

2. Microstructure evolution of wheel/rail materials

3. Wear and RCF prediction

 Wear rate-Tγ/A

 Shakedwon map

4. Rail grinding 

Grinding parameters VS. grinding efficiency and quality

Summary
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Thank you for your attention！
Email: wwj527@163.com

dinghaohao520@163.com
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