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A Study on the Fatigue Behavior of Forged Steel
Shaft Reclaimed by Built up Welding
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Abstract

In this paper, a series of experiments were conducted for the purpose of clarifying the
fatigue fracture behaviour of the reclaimed shafts which were made by building up
welding method according to various welding and heat-treatment procedures.

Moreover, those behaviour was compared with that of original SF60 class forged steel.
The obtéined results from the above experiment are summarized as follows:

1) The surface crack growth rate, dl/dn, in a round bar subjecting to cyclic tension-
compression stresses can be evaluated with the stress intensity factor value,K,which
was calculated in this paper.

2) The crack propagation rate of the reclaimed shaft appears to be less than that of
original SF60 class forged steel shaft.

3) The surface hardened forged steel after built up welding shows the superiority in
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crack resisting behaviour over original SF60 class forged steel.
4) The fatigue strength of surface hardened steel even having a weld defect is the same
as that of original SF60 class forged steel, or greater.
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Fig. 1 Configuration of a flat and a round bar.
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Q=[ %{1—(c’—az)/cz-sinqu}”z-qu]—“z
0

=[z/8-{3+(a/c)?}]}
={z/8-(3+1%)}? (3)

22 sy, Fe BRMEEES (boundary correction factor) 2 4]

F={M+M,(a/t)*+Ms-(a/t)*}f; -8 fo (4)

2 3@, A7A, B M, M, M, f, g f.v 247
M, =1,13-0.09A
M,=-0,54+0,89/(0.2+2)
M;=0,5-1.0/(0.65+21) +14(1.0-1)*
g=1+{0,1+0, 35(a/2%)?} (1-singp )?
fé=(A%cos’p +sing )4

fo=sec(mc/2%- a/2%n)
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Table 1. Chemical composition & mechanical properities of material

Material Chemical composition Mechanical properties
Y.S T.S E.L R.A
C Si Mn P S Hs
SF60 ‘ (MPa) | (MPa) | (%). (%)
0, 32 0.25 0.71 0. 008 0.01 345 640 24 50 28
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Fig. 2 Configuration and dimension of specimens.
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Table 2 Chemical cpmposition of weld deposit

C Si Mn P S Cr Ni Ti A\
0.16 0,44 1.30 0. 009 0,016 0. 04 0. 05 0,014 0,012
Table 3 Welding condition
Welding Voltage Speed Heat input
procedure (V) (Cm/min) (KJ/Cm)
SAW 29 40 3.263
10 minutes ’
] ! | quenching
850°C——————--
put specimen into
furnace O° C
water

Fig. 3 Schematic illustration of heat treatment of test specimen.
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Table 2 Chemical cpmposition of weld deposit

C Si Mn P S Cr

Ni Ti A\
0.16 0.44 1,30 0, 009 0,016 0. 04 0,05 0,014 0, 012
Table 3 Welding condition
Welding Voltage Speed Heat input
procedure (V) (Cm/min) (KJ/Cm)
SAW 29 40 3,263
10 minutes
) ! i quenching

850°Cl-—-————---

put specimen into

furnace 0° C

water

Fig. 3 Schematic illustration of heat treatment of test specimen.
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Fig. 5 Surface crack growth properties of round bar specimen for SF60.
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Fig. 13 Fatigue strength of weld hardened specimen.
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