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Effect of Alloying Elements on Cold Forgeability

of 0.53%C Steel
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Synopsis:

The efects of alloying elements on bath forgeability and harden-
ability were investigated in order to apply a 0.53-mass% C steel toa
cold forging use. Deformation resistance of a spheroidized 0.53-
mass% C steel by applying the cold forging was observed to increase
with alioying elements in the order of silicon, manganese, chromium
and molybdenum. Addition of silicon reduced formability and in-
creased deformation resistance even in the case of small amount of
0.1-mass percentage. The effects of manganese, chromium and
molyhdenum on formability were closely related to changes in mor-
phology of spheroidized carbides. The hardening depth of the sphe-
roidized steel by the induction hardening was controlled by adjusting
the amounts of manganese, molybdenum ard silicon. Chrormium de-
creased the hardening depth of spheroidized steel, since chromium
atoms were dissolved into cementite during the spheroidizing anneal-
ing, resulting in stabilizing the cementite. In thiscase, the cementite
was not fully dissolved in an austenite phase by a rapid induction-
heating. The 0.53-mass% C steel can be applied to the cold forging
use by optimizing the chemical composition of steel on the hasis of

these resulits.
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Table 1 Chemical compositions of steels {mass2)

steel | C Si Mn P S Cr Mo Al N
Al [ 0.83 0.02 .75 0.016 0.010 0.16 — 0,043 0.0057
A2 1053 010 076 0.016 0010 0.16 — 0.044 0.0058
A3 0.54 022 075 0.016 0.009 0,15 — 0.046 0.0063
A4 {053 049 074 0.015 0.010 0.15 — 0.044 0.0067
Bl | 0.53 0.01 0.29 0.005 0.008 — — (.046 0.0036
B2 |0.53 001 0.50 0.008 0.009 —  — 0.043 0.0040
B3 | 0,53 0,01 075 0.009 0.010 — — 0041 0.0052
C1 0.53 0.0l 0.48 0.008 0.010 — 0.1 0.040 0.0041
C2 | 0.52 0.01 0.48 0.006 0.009 — 0.3 0.049 0.0042
D1 | 0.53 0.01 0.49 0.006 0009 0.15 0.1 0.048 0.0056
D2 | 053 0.01 047 0006 0010 029 0.1 0.048 0.0045
D3 | 0.53 0.01 049 0005 0.00%9 0.70 ¢.1 0.048 0.0047
S30C | 0.29 0.22 0.75 0.016 0010 0.18 — 0.044 0.0061
$45C | 0.47 0.22 0.75 0.017 0.008 0.17 — 0.045 0.0059

18°C/h

745°C

BRO°C
Furnace cooling

s00°C
Air cooling

Fig. 1 Shematic diagram of spheroidizing annealing
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Photo 1 Electron micrographs after spheroidizing annealing of
steels examined
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after spheroidizing annealing with change of various
alloying elements on the basis of steel B2
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Fig. 7 Effects of content of various alloying elements on the
overall hardness and local ferrite-phase hardnesses of
spheroidized steels
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Fig. 9 Variation of deformation resistance of spheroidized
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