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Development of Non-normalized Nitrocarburized High Strength Crankshaft
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ABSTRACT

A non heat-treated nitrocarburized crankshaft was
developed by designing the material composition so as
to maximize the effectiveness of the strength increase
due to nitrocarburization. This crankshaft has a fatigue
strength that is approximately 16% higher than that of
a conventional crankshaft of the same material hardness,
while possessing the same workability and straightening
ability. Strengthening ferrite by adding a relatively small
quantity of molybdenum (Mo) gave the developed
material both high fatigue strength and excellent
straightenability. The mechanism of strengthening by the
addition of Mo is thought not to be the secondary
hardening due to the precipitation of molybdenum
carbonitride, but the formation of a Mo cluster consisting
of several atoms during the nitrocarburizing process. This
results in a greater strengthening effect compared to solid
solution strengthening, thus contributing to higher yield
strength. It was found that compared to the conventional
high strength crankshaft, the elimination of the
normalization process and so on reduced CO, emission
during and after the hot forging process by
approximately 22%, and costs by approximately 8%.
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Fig. 1 Optical micrographs of as-forged state:
(a) Conventional high-strength steel
(b) Developed steel
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Fig. 2 Correlation diagram between content of
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Table 1 Chemical composition of Mo-added and Mo-free steel, in mass %
C Si Mn P Cu Ni Cr Mo Ti N
Mo-added steel | 0.35 | 0.21 | 0.76 | 0.016 0.01 0.02 0.08 0.16 0.008 0.0180
Mo-free steel 0.41 | 0.19 | 0.58 | 0.014 0.01 0.02 0.06 0.01 0.009 0.0190

600°C for 2 hours

Table 2 Variation of mechanical properties of Mo-added and Mo-free steel, before and after heat treatment at

Before 600 °C x 2h After 600 °C x 2h
Material Trensile Yield point | Elongation Yield ratio Trensile Yield point | Elongation Yield ratio
strength (YP/TS) strength (YP/TS)
Mo-added steel | 668 MPa 387 MPa 23.2% 0.579 658 MPa 402 MPa 23.2% 0.611
Mo-free steel 676 MPa 352 MPa 22.4% 0.521 653 MPa 340 MPa 22.8% 0.521
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Table 3 Chemical composition of developed and conventional steel, in mass %

C | si|[Mm]|P s o [ M| N Ti|Pb
high?se{‘r’;%‘fﬁiteel 0.37 | 0.20 | 0.82 [0.015 | 0.07 0.16 |0.015 | 0.01
Sonventional | 040 | 0.25 | 0.52 |0.015 | 0.05 0.015 | 0.01
Conventional

high-strength steel | 048 | 0.30 | 142 [0.015 | 005 ) )
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Fig. 12 Transmission electron micrograph taken from
diffusion layer of developed steel containing
0.2mass% Mo, after nitrocarburization
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Table 4 Bending fatigue strength and strain for
cracking of crankshafts
(Conventional standard crankshaft = 100)

Bending fatigue strength Strain for cracking
Developed HS 116 90
Conventional STD 100 100
Conventional HS 113 73
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Fig. 15 Hardness distribution of crankshafts
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Fig. 16 Comparison of the total CO, emission and
its constituents during production between
developed and conventional high-strength
crankshafts
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