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Effect of Spheroidizing Annealing Condition on Plastic Deformability

in Case-Hardening Steel

Makoto Haritani, Toshiyuki Morita

Synopsis
Cold forging has been widely used for forming of automotive parts. In the cold forged parts, spheroidizing annealing (SA) is

applied to the parts to obtain a high plastic deformability before the cold forging. In this paper, the effect of SA condition on the

plastic deformability of case-hardening steels is investigated. The obtained results are as follows ;

1) When microstructure before SA was composed of ferrite-pearlite, hardness after SA is not changed by SA temperature. On the
other hand, when microstructure was tempered martensite, hardness after SA decreases with increasing the SA temperature.

2) Hardness and tensile strength after SA increase with increasing Si content and change in microstructure before SA from
ferrite-pearlite to tempered martensite. The increase in tensile strength accompanied by increase in hardness due to the change
in microstructure is smaller than that due to the increase in Si content.
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Table 1. Chemical composition of steels. (mass%)
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Fig. 2. SA conditions.

Table 2. Heat treatment conditions.

900 CA [900 ‘CA {1200 ‘CA |900 CHT {900 ‘CHT

No. —760 CSA[—790 ‘CSA[—790 CSA|—760 “CSA[—790 ‘CSA

Steel A(0.2Si)| O O O O O

Steel B(0Si) O O O O O

Steel C(0.5S)| O O O O O

No. C Si Mn Ni Cr Mo

Steel A(0.251) | 0.20 | 0.21 | 0.85 | 0.01 | 1.00 | 0.02

Steel B(OSi) | 0.20 [<0.01| 0.86 |<0.01| 1.00 [<0.01

Steel C(0.5Si) | 0.20 | 0.50 | 0.85 | 0.01 | 1.00 | 0.02

1200 °C
900 °C
F.C. F.C.
 lhr 1 hr
(a) Annealing (b) Annealing
900 °C
650 °C
. lhr  1hr A.C.

(c) Quenching and tempering

Fig. 1. Heat treatment conditions before spheroidizing
annealing (SA).
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Fig. 3. Microstructures as annealing at 900 °C and after SA.
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Fig. 4. Microstructures as annealing at 1200 °C and after SA.
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Steel A(0.2S1)

Steel C(0.5S1)

900 °C HT

Steel B(0S1)

900 °C HT
—1760 °C SA

900 °C HT
—T790 °C SA

F [

Fig. 5. Microstructures as quenching and tempering (HT) and after SA.
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Fig. 6. Rockwell hardness after SA.
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(a) SteelA
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(b) Steel B
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Fig. 7. Nominal stress - strain curves of steel A, B, C
after SA.
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Fig. 8. Relation between rockwell hardness and tensile
strength after SA.
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Table 3. Chemical compositions of steels. (mass%)

C Si [Mn| Ni [ Cr [ Mo | Ti | T-N

Steel I (Non-Ti) |0.18(0.05|0.80(0.10| 1.15|0.05 [<0.002| 0.017

Steel II (Ti) 0.18|0.05[0.81[0.10[1.15]0.05]0.034]0.009

Table 4. Heat treatment conditions.

900 CA—>790 CSA | 1200 CA—790 CSA
Steel I (Non-Ti) O O

Steel II (Ti) O O
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Fig. 10. Rockwell hardness after SA.
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Fig. 11. Nominal stress-strain curves of steel |, Il after
SA.
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