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Development of Pb-free Free-cutting Microalloyed Steel with High Toughness for Crankshaft of
Small Multipurpose Engine
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ABSTRACT

A ferrite-pearlite type microalloyed steel has been
developed for use in the crankshafts of small multipurpose
engines. Although the thermal refining process after hot
forging has been diminated, this steel possesses equivalent
strength and toughness to thermally refined steel, and can
also be induction hardened. The design of the alloy sought
to ensure toughness by increasing the ratio of ferrite in the
structure of the steel and refining the structure through the
use of intragranular ferrite and, at the same time, to ensure
strength by strengthening of solid solution and precipitation
strengthening and increasing hardenability while still
employing a carbon content within the range enabling
induction hardening. In addition, conditions for the
temperature of heating during hot forging and for cooling
after hot forging were established to control coarsening of
the structure and optimize the characteristics of the aloy.
At the same time, the design ensured that while no lead
was added, a level of machinability equivalent to that
conventional free-cutting steel with added lead was
achieved. This has reduced the cost of crankshaft
manufacture by eliminating the thermal refining process
and done away with the necessity of adding lead, an
environmentally harmful substance.
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Fig. 1 Layout of lawn mower
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Table 1 Chemical composition of newly developed

steel
(Wt.%)
C Si Mn P S Cr \% Pb Ceq
<
0.33 0.68 1.33 0.020 0.055 0.20 0.08 - 0.80
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Fig. 4 Hot forging conditions
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Fig. 5 Charpy impact value of newly developed and
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— 193 —



Honda R&D Technical Review

Vol.16 No.2 (October 2004)

4.1.2. ZOOMHWAIEE

Zofth, 5IEREE, 7R S ORGSR, g
MEfFET Table 2 IRY. HEAEE, g &ZAM
DIEWENELNT WD, Fiz, ErA v 7o X7 ERER
BICBWTE, BIRMOBERRIIICM LIRS TH -T2,

Table 2 Mechanical properties of newly developed
and conventional steels

Newly developed| Conventional

Hardness (HRC) 20 20
Tensile strength

(MPa) 813 764
Yield point (MPa) 549 549
Elongation (%) 19 23
Rotating-bending fatigue

strength (MPa) 412 372
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Fig. 7 Hardness of crank pin surface after induction
hardening
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Table 3 Result of various fatigue tests for crankshaft

Fig. 6 Result of low temperature blade-hit test for

Newly developed

Newly Conventional
developed
Bendin Without induction 402 402
1ding hardening for fillet (HRC24) (HRC20)
fatigue
strength
of crank | with induction 647 666
pin hardening for fillet (HRC52) (HRC60)
(MPa)
Torsion fatigue strength of 182 106
power take-off shaft (MPa) (HRC20) (HRC20)

Conventional

crankshaft
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Table 4 Comparison of amount of tool wear between

newly developed and conventional steels

Newly developed Conventional
Amount of wear of
. 0.07 0.18
tip flank after 30 (HRC19.4) (HRC21.2)
min. turning (mm)
Amount of wear of
drill flank after 0.08 0.09
drilling 200 holes (HRC22.6) (HRC20.1)
(mm)
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(a) Newly developed steel

(b) Conventional steel

Fig. 9 Chips of newly developed and conventional
steels produced by 30 min. of lathe turning

(a) Newly developed steel

(b) Conventional steel

[30mm]

Fig. 10 Chips of newly developed and conventional
steels produced by drilling 200 holes
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