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Conclusions

Fig. 1   Wear mass of joint and wheel specimens 

before and after LPQ treatment

 LPQ can significantly enhance the wear resistance of FWJs

WHA+20000 r

WHA+40000 r

WHA+60000 r

WHA+80000 r

BM+20000 r

BM+40000 r

BM+60000 r

BM+80000 r

QWHA+20000 r

QWHA+40000 r

QWHA+60000 r

QWHA+80000 r

QBM+20000 r

QBM+40000 r

QBM+60000 r

QBM+80000 r

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

0.018

0.04

0.056

0.049

0.011

0.022

0.038

0.05

0.038

0.098

0.158

0.227

0.058

0.165

0.25

0.339

Wear mass of wheel specimens 

corresponding to TWJs (g)

(b)

0.250

0.050

0.040

WHA+20000 r

WHA+40000 r

WHA+60000 r

WHA+80000 r

BM+20000 r

BM+40000 r

BM+60000 r

BM+80000 r

QWHA+20000 r

QWHA+40000 r

QWHA+60000 r

QWHA+80000 r

QBM+20000 r

QBM+40000 r

QBM+60000 r

QBM+80000 r

0.00 0.02 0.04 0.06 0.08 0.10 0.12

0.004

0.021

0.034

0.027

0.023

0.041

0.059

0.08

0.021

0.063

0.077

0.12

0.011

0.028

0.052

0.105

Wear mass of TWJ specimens (g)

(a)

0.120

0.080

JZ
US-A



Conclusions

0 6 12 18 24 30 36
-60

-40

-20

0

20

40

H
e
ig

h
t 

(μ
m

)
Distance (×102 μm)

0 6 12 18 24 30 36
-90

-60

-30

0

30

60

H
e
ig

h
t 

(μ
m

)

Distance (×102 μm)

(c)

(f)

(i)

(a)

(d)

(g)

2566.607 μm

2566.607 μm

0

0

0

2571.606 μm

2571.606 μm

2571.606 μm

2566.607 μm

0 6 12 18 24 30 36
-90

-60

-30

0

30

60

H
e
ig

h
t 

(μ
m

)

Distance (×102 μm)

Height 

(μm) −63 0 35

−65 0 45

−50 0 35

(b)

(e)

(h)

Height 

(μm)

Height 

(μm)

Fig. 2  Morphological analysis of surface damage on the QTJ specimens

 LPQ can suppress the formation of cracks in welded joints.
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Conclusions

Fig. 3  EDS line scans of two types of quenched welded joints 

perpendicular to the transition zone: (a) EDS line scan of the 

physical image; (b) TWB; (c) THA; (d) FWB; (e) FHA; (f) BM. 

 Significant oxidative corrosion occurs within the cracks of 

the transition zone in QFJ.
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Conclusions

Fig. 4  IPF maps of QTJs and QFJs in different zones: 

(a) TWB; (b) THA; (c) FWB; (d) FHA

 The proportions of HAGBs presents an overall distribution 

law of “HA>WB” and “QFJs>QTJs”.
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Insights

Further work 

should be 

conducted on a 

full-size test 

bench or in field 

tests, 

considering the 

coupling effect 

of environmental 

and train loads.

Outdoor environments ≫ laboratories

Complex load conditions and rail vibration

Train load

Thermal load
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