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RCF damage is severer in winter
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s Wheel/rail twin-disc rigs

% Low temperature (0~-60°C)
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Twin-disc rig with temperature control system

1.1 Effect of temperature: Experimental e
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1.1 Effect of temperature

RCF 20°C -15°C

31.45pm

216.7pm

Surface cracks
Temperature

Angle (° ) Depth (um)

20 °C 8.14+2.11 11.76+2.21
s At low te re: RCF/ / 15 °C 14.28+8.38 12.06+10.41

-40°C : RCF \ -30 °C 10.66+5.59 6.20+2.17

-40 °C 9.33%£3.77 7.68£2.76

> \ Subsurface cracks
I v trend Temperature

- Length (um)

20 °C 38.77+2.89
-15°C 74.97151.33
-30 °C 57.761£46.84
-40 °C 52.69+39.14




1.1 Effect of temperature
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Tension test
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1.1 Effect of temperature
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1.1 Effect of temperature | Rolling sliding con: ach
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1.1 Effect of temperature

Room T\ low T:

» Strength 2
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1.2 Effect of windblown sand

Adhesion coefficient
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1.2 Effect of windblown sand
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1.2 Effect of windblown sand
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Feed rate=1.0

Desert

Feed rate= 2.0

Surface damage
% No sand : dense RCF
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RCF observed on cross sections

1.2 Effect of windblown sand
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1.2 Effect of windblown sand
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2. Microstructure evolution of wheel/rail materials
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3.1 Wear rate - Ty/A model

Wear rate — Ty/A model : basis of wear prediction

/

7

Wear rate Wear rate : pg/m/mm?

T : tangential force
y : slip ratio
Ty/A A : contact area

Construction of Wear rate — Ty/A model for individual mateiral

Twin-disc tests

Axle load
Speed
Slip ratio




Wear rate (1 g/m/mn’)

3.1 Wear rate - Ty/A model
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3.2 Shakedown map construction

p/K

Shakedown map : basis of RCF prediction

 Plastic
-shakedow

...... Ratchetting

| Elastic shak.ei.dﬁ\'Nnu..,.

- Elastic

0.0 0.1 0.2 0.3 0.4 0.5 0.6

* Plastic shakedown region

*» Ratchetting region

Po: Maximum contact pressure
k: pure shear yield strength

M: traction coefficient



3.2 Shakedown map construction
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Construction of shakedown map for individual mateiral
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« Elastic region



3.2 Shakedown map construction

% Ratchetting region: RCF cracks

30um

() (0.2,2.5)

+ Plastic shakedown region: No cracks + plastic flow

% Elastic shakedown region: No plastic flow

« Elastic region



3.2 Shakedown map construction
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Analysis: surface mophology, burn, white etching layer, etc




4 Rail grinding
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4 Rail grinding

2400

Good efficiency, bad quality

B Good efficiency, good quality
@® Bad efficiency, good quality
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4 Rail grinding

Grinding heat

Experiments Numerical calculation

-Z

. . u,vw
meE MAE e o
hermocoupl
x; X2
[ A dL
P(x,y:,0) _d[il
y v P (x.,y:,0)
(u— rz—yz)ZJr(v—y)ZerZ 2
(U=x )2 +(v—y; 2 +W? () q P y
_h e @t T ey
Grinding wheel . o nan)
Rail
800 ) Q.(MW)
B AL eem
700 u

q) Py =0 =T, =t X —
5 sook Do /O_/J‘/ F EIESTES
= =500t B VR o oo : J
(ﬁ %J F i v =0 17T = *
B@E 400 i :‘a:ﬁ'\' BT+ / 9
o [ i)
300 F w1 Y (U+ua,1— rz—yz} HV-y)Pew? 5

= AOGRTE (W | sk o=, L”ZﬁeA—ar 1+ r?y yzdldr
o 200f ~ v cp(4nar -
I_ 100

0 Ry ot oy (U+0,7—r2—y?)2+(V -y)?+W? 2

0.3 0.6 0.7 o=["[ | [ S dar 1+ diddr

R Y09y cp(dnar) rr—y



4 Rail grinding
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4 Rail grinding

Grinding heat
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Grinding heat

4 Rail grinding
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W 5 Summary

1. Wear and RCF of wheel/rail under complex environment
O Low temperature: brittleness & RCF ./
0 Windblown sand condition : CoA & Wear

2. Microstructure evolution of wheel/rail materials

3. Wear and RCF prediction
d Wear rate-Ty/A
d Shakedwon map

4. Rail grinding

Grinding parameters VS. grinding efficiency and quality



Thank you for your attention !

Email: wwj527@163.com
dinghaohao520@163.com
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