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Study of Warm Forging Process for Non-Heat-Treated Steel
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Abstract

As a part of efforts to examine feasibility of warm forging near-net-shape process for non-heat-treated

steel to replace quenched and tempered S45C

steel, the optimized process condition has been

determined to be 820°C for heating, 10/sec for strain rate of forging and approximately 250MPa for
flow stress from observed results such as the A; transformation temperature of about 790°C, the fully
dynamic recrystallized behavior between 8007C and 850C when compressed up to 63% engineering
strain at 10/sec strain rate, and the high temperature microsturctural stability. ‘Also, controlled cooling
rate of 6.3C/sec by water-spraying at a rate of 0.10cc/sec-c’ for 60seconds followed by air-cooling
right after forging process has been considered in this study as a feasible approach based on
examination of the microsturcture of mixed «-ferrite and pearlite, the hardness and tensile properties
meeting specification, and the reduced total cooling time to room temperature. Successive works would
be carried out for the impact strength, machinalility, and forgeability at this process in the near future.
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Table 1 Chemical composition of non—heat-treated steel{w/o)

Element C Si Mn P S v Ti Mo N> Fe
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Table 2 Summary of cooling conditions.
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(Size ; 67mnl X 48mmW X 20mnT, Weight ; 500g, Heating condition ; 800°C-2.5hr)

Cooling condition Summary

Air-cooling
Fan-cooling

Water-spray/A.C.
(Imm dia. hole-60sec)

Water—spray/A.C.
(2mnm dia. hole-10sec)

Water—quenching

Natural cooling in air to room temperature.
Air-flow cooling by using an industrial fan to room temperature.

Water-spray cooling for 60sec through lmm dia. holes” under
atmosphere pressure, followed by air-cooling to room temperature.

Water-spray cooling for 10sec through Zmm dia. holes™ under
atmosphere pressure, followed by air-cooling to room temperature.

Water-quenching to room temperature.

* Each hole is located by a continuous equilateral triangle arrangement at every 10mm distance.
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Table 3 Result for volume fraction of e« -ferrite phase and transformed 7y -austenite phase,

hardness, and equiaxed grain or particle size after water—quenched from various heating

temperatures.

Heating temperature(C)

As-received

750 e 800 825 850 900

a phase volume fraction 053 0.30 0.14 0.00 0.00 0.00 0.00
7y phase volume fraction 0.47 0.70 0.86 1.00 1.00 1.00 1.00
Hardness(HB) 198 360 480 492 487 456 412
Equiaxed grain or a —ferrite 73 5.2 2.6 - - - -

particle size(zm) Transformed- 7 79 6.8 77 | 113 | 123 | 133 | 139

Fig. 1 Microsturcture water—quenched

from 775TC
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Fig. 2 Microsturcture water—-quenched
from 800°C
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0.1/sec, 1.0/sec, 10/secZ ZW&o T =A% # 33T o JIANME EHED
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Table 4 Summary of flow stress-true strain A3E Table 5.9 detliglch o] oA
relation YO ETE By golMe SAAet wlasy)

o Flow_stress(MPa) st S HATS

Strain rate| Temperature [ ™ Trye strain WhEEe e HAAE L Fdgele A%
06 | 08 | 10 JAo] Qobd Table 6014 HoFE npgh 2o
01 850 - 135911487 Wabe vt wahigel wel  12C/secEFE
2N 1086 1002 1202 11C/sec F7H8e) et 45 8 e 37t
1.0 900 1477 1 1500 | 161.4 sAov dage gasidnt vAz HAa2
800 266.0 | 2585 | - A7 dAEE He HellMe 3EHe=
10 850 2281 | 2243 - a —ferrite®} 7 -austenite’} WZt=% WEld
900 1961 | 1932 | -~ pearlited] THEE RoFAon 47 Ao

Table 5 Summary of cooling rate at various cooling conditions.
(Size ; 67munL X 48mmW X 20mnT, Weight ; 500g, Heating condition ; 800°C-2.5hr)

- - Ar'temp. | Ar'temp. |Cooling rate |Water-spray rate Amount of
Cooling condition (C) (C) ('C/sec) (ce/sec—cnr) sprayed water
Air-cooling ~6507C N/O* 1.2 - -
Fan-cooling ~633TC N/O 1.8 - -
Water-spray/A.C. ~ A H
(lan dia hole - 60sec)| VO N/O 6.3 0.10 197cc/60sec- A1 H
Water-spray/A.C. _AA
Om dia hole ~ 10sec)| MO N/O 11.1 0.65 210cc/10sec- A H
Water—-quenching N/O 100°C 66.7 -

* Not observed at the cooling curve.
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Table 6 Result of hardness and tensile property at various cooling rates

: i Cooling rate Tensile property
Cooling condition ('C/sec) HB o oMPa) [UTSMPa) | EI%) | RA.C)
As-received - 198 - - Z -
Air—-cooling 1.2 185 483 714 31.0 58.2
Fan-cooling 1.8 202 531 736 306 584
Water-spray/A.C. -
(Imm dia. hole - 60sec) 6.3 F 232 552 781 268 588
Water-spray/A.C.
(2m dia. hole - 10sec) 11.1 247 687 863 255 63.3
Specification - 200~ 269 441Min. 735Min. 20Min. 45Min.
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Fig. 3 Typical microstructure at a cooling
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Fig. 4 Room-temperature flow stress at various cooling rates.
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