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Cold Forgeability in Medium Carbon Steel with Insufficiently Spheroidized Microstructure
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: Cold forging has been widely used for forming of machine structural parts. Steels have been usually softened by carbide spheroidizing treat-

ment before cold forging. In recent years, it has been demanded to shorten or to eliminate spheroidizing because it has usually needed many
hours. The cold forgeability of medium carbon steels with insufficiently spheroidized microstructure made by shortened spheroidizing was
studied. The cold forgeability was evaluated by cold upsetting test in which the end surfaces of cylindrical and flanged specimens were fric-
tionally constrained. The effect of strain path on the cold forgeability was also investigated by measuring the surface strains both parallel and
circumferential at the midheigh of the specimens during upsetting.

The cold cracks initiated from voids formed at cementites just below bulged free surface in insufficiently spheroidized steels. On the other
hand, the surface micro-cracks generated in proeutectoid ferrite, where strain concentrated, in the as—rolled steel with ferrite—pearlite mi-
crostructure. The decrease in cementite length caused the better cold forgeability in the insufficiently spheroidized steels. Fracture limit de-
creased with the increase in strain-path slope in the circumferential strain versus axial strain diagram, namely the shift in strain path from ho-
mogencous compression to plain strain condition. The more improvement in cold forgeability by shortened spheroidizing was observed in the
specimens with larger strain-path slope. This result means that the cold forgeability of insufficiently spheroidized steels can be improved by
the suitable design of the strain path during cold forging.
medium carbon steel; cold forging; cold forgeability; cold upsetting test; shortened spheroidizing; insufficiently spheroidized microstructure;

cold cracking; cementite; void; fracture limit; strain path.
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Table 1. Heat treatment conditions.

Type Temperature () Time (h) Cooling rate ( ¢ /h)
A 740 0.5 25
B 740 0.5 12
¢ 740 1.0 12
D1
ket
L [ Tz v

Fig. 1. Dimension of specimens. (a) D=33mm, L=
49.5mm, L/D=1.5 and D=33mm, L=66mm, L/
D=2, (b) D1=32mm, D2=24mm, L=30mm,
Z=6mm.
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steel (type A), (c) Heat treated steel (type B), (d) Heat treated steel (type C).

Table 2. Carbide length of heat treated steels.

Fraction of cementite length (%)

Type Max. length( ¢ m)
<1 1-2 2-3 3-4 4-5 :5um
A 68 18 6 3 2 3 12.5
B 56 21 10 ] 3 5 13.0
¢ 56 20 9 E) 3 b 19.0
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Fig. 3. Results of cold upsetting test in specimen with
L/D=1.5 in as-rolled (ferrite—pearlite, F-P) and
heat treated steels.
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Fig. 4. Microstructures near surface after 65% uppsetting
(e=1.05) in specimen with L/D=1.5. Horizontal
direction is parallel to axial direction of specimen.
(a) As—rolled steel (ferrite—pearlite), (b) Heat treat-
ed steel (type C).

Fig. 5. Microstructures (a) near and (b) at surface after
65% upsetting (€=1.05) in as-rolled steel (ferrite—
pearlite) with L/D=1.5. Horizontal direction is par-
allel to axial direction of specimen.
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Fig. 6. Mictostructures just below surface after 65% upset-
ting (e=1.05) in specimen with L/D=1.5. Vertical
direction is parallel to axial direction of specimen.
(a) Heat treated steel (type B), (b) As—rolled steel
(ferrite—pearlite).
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Fig. 7. Relationship between length of cementite with void
and upsetting ratio in heat treated steel (type C)
with L/D=1.5. 0, 70 and 100% mean the fraction
of cementite with void.
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Stress—strain curves at surface of specimen with
L/D=1.5 during upsetting. ¢ is measured equiva-
lent stress, Oy is calcutated circumferential stress
and o, is calculated axial stress.
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Fig. 9. Strain paths (thin lines) and fracture limits (thick
lines) in as-rolled steel (ferrite—pearlite, F—P) and
heat treated steel (type A) with three different di-
mensional (L/D=1.5, L/D=2 and flanged) speci-
mens. Broken lines mean that axial stress (o, in
Fig. 8) is compression stress.
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