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Development of Pb-free Free-cutting Steel Enabled to Omit Normalizing for Crankshafts
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ABSTRACT

Pb-free free-cutting steel for crankshaft which
simultaneously enabled to omit the normalizing process
was developed. In order to omit the normalizing process,
it is necessary that adequate hardness and fine
microstructure of the free-cutting steel by air-cooling
after hot forging are equal to that by normalizing. We,
therefore, solved the requirements by adjusting chemical
composition of steel. For the Pb-free free-cutting steel
developed based on Ca-S free-cutting steel, its
productivity equal to the conventional Pb-S free-cutting
steel was aimed. As a result of examination on a non-
metallic inclusion’s composition, volume, shape and
dispersion in steel, it was found that its shape and
dispersion contributed for an improvement of free-
cutting. By manufacturing a crankshaft with this steel,
the cost of normalizing process was eliminated and
reduction of Pb by 13g became possible for a motorcycle
equipped with 954cm? engine.
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Fig. 1 Production process for crankshaft

Fig. 2 Chips of sulfur free-cutting steel generated
by lathe turning
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Fig. 4 Influence of carbon and manganese on
ferrite area fraction
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Table 1 Target of chemical composition of developed steel

mass (%)
C Si Mn S Cr N Pb Ca
Developed steel 0.40 0.20 0.70 0.017 0.050 0.06 0.017 — 0.0020
Table 2 Chemical composition of developed and conventional steels
mass (%)
C Si Mn S Cr N Pb Ca
Developed steel 0.40 0.19 0.72 0.017 0.049 0.06 0.017 — 0.0022
Conventional steel 0.47 0.18 078 | 0025 | 0047 | 017 | 0010 | 0.07 —
S48CL1LS1 * : : : : : : : :
Comparison steel o
S40CS1U * 0.40 0.18 0.70 0.010 0.049 0.07 0.016 0.0017
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Fig. 5 Geometry of crankshafts for motorcycle
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Fig. 6 Cooling curve of air-cooled crankshafts after
hot forging
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Fig. 7 Influence of cooling speed on hardness after

hot forging
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Fig. 9 Geometry of cutting test specimen and
cutting condition
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Table 3 Mechanical properties of developed and
conventional steels

TS | YP | EL |Impactvalue |Impact value
(MPa) | (MPa) | (%) (J/em2) Ratio C/L

Direction

Developed L 660 | 311 | 23.8 52.0
Vi
steel 0.35

C | 638|303 |10.9 18.4

L 699 | 455 | 28.6 76.0
Conventional 0.31

steel C | 704 | 448 | 146 23.6

Weight of chips (g)

1.0
Non-metallic inclusion index

Developed steel

Fig. 10 Influence of non-metallic inclusion index on weight of chips generated by lathe turning
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Fig. 11 Geometry of rotating-bending fatigue test
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Fig. 12 Result of rotating-bending fatigue test
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Fig. 13  Microstructure of developed steel after
hot forging
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Fig. 14 Chips of developed and conventional steels
generated by lathe turning
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Table 4 Comparison of nitrocarburized properties
between developed and conventional

crankshafts
Normalized
Developed steel conventional steel
Compound layer
depth after lapping | ™M 0.008 0.008
Surface hardness Hmv 630 639
Practical case depth | mm 0.35 0.26

Test condition
6.5 Hz

Fig. 15 Bending fatigue test method for crankshaft
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Fig. 16 Result of bending test for crankshafts
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