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Induction hardening surface treatment

❑Surface heat treatment.

❑Metal material is induction

heated and quenched.
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Residual stress determination
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❑Layer removal based method (LRBM) ❑Sectioning based method (SBM)
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Residual stress determination
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❑Axial residual stress estimation for the whole railway axle



Residual fatigue lifetime estimation
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❑NASGRO approach, 𝑣 =
𝑑𝑎

𝑑𝑁
= 𝐶
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❑NASGRO approach,

❑Loading condition.

𝑣 =
𝑑𝑎

𝑑𝑁
= 𝐶

1 − 𝑓

1 − 𝑅
∆𝐾

𝑛 1 −
∆𝐾𝑡ℎ
∆𝐾

𝑝

1 −
𝐾𝑚𝑎𝑥
𝐾𝑐

𝑞

1) Bending load (B) 2) Press-fit load (PF) 3) Residual stress load (RS)



Residual fatigue lifetime estimation
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residual stress effects 

to mileage

considered initial crack length

2 mm 3 mm 5 mm 10 mm

no RS 128 000 km 43 000 km 19 000 km 10 000 km

RS due to standard 

hardening
46 813 000 km 376 000 km 42 000 km 13 000 km

RS due to induction 

hardening
infinite infinite infinite infinite

Final crack length 25 mm.



Thank you for your attention!
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