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FEATURE : Wire Rod and Bar Steels
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Influence of Microstructures and Drawing Reduction on Softening
Behavior during Annealing of Case-hardened Steels
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The small parts for automobiles are usually manufactured by cold forging. Cold forged steels are needed to
reduce the hardness and flow stress which in turn extends the lifetime of the relatively expensive metal dies
used. The hardness of the steels after soft annealing is dependent on steel microstructures (ferrite pearlite,
bainite) and wire drawing reduction before annealing. In this paper, the influence of microstructure and wire
drawing reduction on case-hardened steels was investigated to obtain increased softening during one-time

annealing.
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Table 1 Chemical compositons of steels

(massO)

C Si Mn

Cr

Mo Al N Nb

Steel A 0.19 0.17 0.78

1.18

0.16 0.028 0.0109 0.001

Steel B 0.21 0.21 0.76

113

0.27 0.035 0.0127 0.038

Steel C 0.15 0.18 0.73

1.10

0.00 0.032 0.0104 0.001
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Table 2 Process conditions of samples

No. Steel

Process condition[1] O [1TJ Target microstructures [

Soft annealing

m ¢ 15mm wire rod

1 | Steel A - @ 15mm wire rod

m ¢ 30mm wire rod

Heating temp.[ 1,04000 /155mm square billet

- Finish rolling temp.00 950 O

- Cooling 3 0 /s O Bainite microstructure O
0000D00.250/s00 Ferrite pearlite microstructure O

- Drawing reduction:0, 17, 280
Heating temp.[] 8900] /155mm square billet

- Finish rolling temp.00 840 O - ¢ 30mm wire rod
- Drawing reduction] 0 O 600

Fig.0 alJ

m ¢ 34mm bar

2 Steel B

- @ 34mm bar
0 No reduction

Heating temp. 90000 /155mm square billet
- Finish rolling temp. 930, 900, 860 [J

000000000000 O Increase ferrite fraction O

Fig.D bO

m ¢ 15mm wire rod

3 Steel C

- @ 15mm wire rod
- Drawing reductiond 17.80

Heating temp.O 1,0250 /155mm square billet

- Finish rolling temp.[0 1,020 0 - Cooling 3 O /s
00000000000 O Bainite main microstructure O
- Finish rolling temp.00 800 O - Cooling 0.8 O /s
000000000000 O Ferrite pearlite microstructure O

Fig.0 cO

(a)7600 x 5h
(b)7600 x 6h

(a)130 /h (c)7300 x 2.5h

(b)100 /h

(2)6850 Air cooling

sou/hf YT (b)6800 500 /h

Air cooling
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Fig. 1 Soft annealing heat treatment
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(a) Rapid cooling.sample

(Cooling rated 30 /s)
02 Steel ADODOODOODO@ 15mmOD/4 000

Fig. 2 Microstructures of Steel A (¢ 15mmD/4 position)

(b) Slow cooling sample
(Cooling rate] 0.250 /s)

180

@ Bainite
O Ferrite pearlite | |

170 steel A
160 [ B
150 - B
140 - i
130+ B
120+ B
110+ B

100 : .
Nodrawing 170 drawing 280 drawing
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Fig. 3 Influence of drawing reduction and microstructures on
hardness after soft annealing (D/4 position)

Vickers hardness after annealing
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Bainite

No drawing |

Ferrite pearlite

160 [ . .

155 [
r Steel B 1
150 | ]

145 | 1

140}

Vickers hardness after annealing

170 reduction N
i 135 L

Finish rolling
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040000000 SteelADDDOOOOOOOOOOO Dal™d
Fig. 4 Microstructures of Steel A after spheroidizing annealing
(Annealing condition Fig.1 (a))

(c) Finish rolling temp.0 8600

05 SteelBOOOOOOOe 3d4mmOD/4 000
Fig. 5 Microstructures of Steel B (¢ 34mm[ID/4 position)
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Fig. 6 Influence of ferrite fraction on hardness after soft annealing
(D/4 position)
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(a) Rapid cooling sample (30 /s) (b) Normal cooling sample (0.800 /s)
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Fig. 7 Microstructures of Steel C (D/4 position)
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Fig. 8 Hardness after each process (D/4 position)
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Fig. 9 Influence of microstructures and drawing reduction on
hardness after annealing
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Fig.10 Influence of ferrite grain size D, on hardness after annealing
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Ferrite pearlite Bainite
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g A

Case A

Case B

Case AL (a) 280 drawing sample of ferrite pearlite microstructure
(b)170 drawing sample of bainite microstructure

Case BO (c) 170 drawing sample of ferrite pearlite microstructure
(d) No drawing sample of bainite microstructure
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Fig.11 Substructure of ferrite grain after annealing

- -0 - Ferrite pearlite 280 drawing
—&— Bainite 170 drawing
— A — Ferrite pearlite 170 drawing

300 —><— Bainite no drawing
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F O Holding timed 1 hour at each temperature
120 C_1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Temperatured (O)
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Fig.12 Hardness at each temperature during heating in soft annealing
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