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Effects of Carbon and Silicon on Static/Dynamic Mechanical Properties of 780 MPa Grade Dual Phase Steel

Keiichi TAKATA, Kazutoshi KUNISHIGE and Rintaro UEN

Synopsis :

Key words:

Various types of high strength steel have been developed to improve the impact safety and reduce the weight of cars. For the steels used in
anti-crash equipments, mechanical properties, especially, at high strain rates such as 10%s is of importance. In this study, 0.110%C~—
1.44%Si-1.29Mn-0.65%Cr-0.29%Mo containing hot rolled dual phase steel with 780 MPa grade in tensile strength was employed as a base
steel and the effects of carbon and silicon on static (strain rate: 107°/s)/ dynamic (strain rate: 10%/s) mechanical properties of the dual phase
steel were investigated. Carbon and silicon contents were changed in a range of 0.076—0.190% and 1.44-2.39%, respectively. Grain size of
the steels was varied by hot rolling reduction: 53% (named coarse grain process), 73% (middle grain process) and 88% (fine grain process).
Dynamic absorbed energy up to 10% tensile strain had a linear relationship with tensile strength, regardless of microstructures, i.e., neglect-
ing carbon and silicon contents, and hot rolling conditions. All absorbed energy to fracture had a close relationship with tensile strength—
ductile balance parameter (tensile strengthXtotal elongation), reflecting microstructural change through chemical and rolling conditions. All
the processed 0.190% C steels, and the fine grain processed 1.93% Si and 2.39% Si steels showed the highest all absorbed energy of all the
steels tested. The 0.190% C steel was characterized by almost 100% martensite with some content of retained austenite, and the 1.93% Si
and 2.39% Si steels were fine grained ferrite+martensite. It was found that carbon improves all absorbed energy through increase in volume
fraction of martensite and silicon raises it through solid solution hardening of ferrite matrix.

hot rolled products; high strength steel; dual phase steel; high strain rate properties; stress—strain curve; absorbed energy; microscopy; auto-
motive materials.
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Table 1. Chemical compositions of the steels used
(mass%).
Steel C Si Mn P S Cr Mo Al N
Base 0110 144 129 0010 0001 065 029 0048 00030
Low C 0076 145 134 0018 0001 068 032 0037 00021
High C 0190 146 139 0018 0002 068 031 0039 00020
High Si 0100 193 137 0016 0002 067 033 0043 00021
Extra high Sif 0110 239 136 0017 0001 067 033 0044 0.0025
1250°C X 20min.
air-cooling
20°C/h

furnace-cooling

room-temperature

(a) Coarse grain process (53% rolled)
30—22—18—14mm

1150°C

(b) Middle grain process (73% rolled)
30—22—16—11—8mm

1100°C

(¢) Fine grain process (88% rolled)
30—20—13—8—5—3.5mm

950°C

Fig. 1. Schematic illustration showing rolling conditions.
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Fig. 2. Optical microstructures of all the steels. FGP: 88% rolled, MGP: 73% rolled, and CGP: 53% rolled.

Table 2. Microstructural properties of all the steels.

of martensite (um)

Steel Base Low C High C High Si Extra high Si
Process FGP [ MGP | CGP | FGP | MGP | CGP | FGP [ MGP ] GGP | FGP | MGP | CGP | FGP ] MGP | CGP
Mean grain diameter | 1y o | 195 330 | 88 | 168 285 | 41 | 205 [330 | 104 | 247 {287 | 01 | 229 [ 397
of ferrite(Lim)
Mean grain diameter | o 5| o4y | _ | 114|107 266 - | - | = V112l 175] 226 ] o1 | 194] 2086

Volume fraction of
ferrite(%)

76 52 34 87 75 68

26 5 5 A 68 61 72 70 66

Volume fraction of

retained austenite(%) 46 ] 51

45 | 341 3.1

45

8.2

84 1100 )24 (48 | 23 |15 [ 16 | 32

- Mean grain diameter of martensite is not measured because the volume fraction of

martensite is smaller than about 50%.
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Fig. 3. Nominal stress—nominal plastic strain curves for all the steels: Top shows low strain rate (107%/s) and bottom shows high
strain rate (10°/s) for fine grain process, middle grain process, and coarse grain process. The size of test piece is 1.2 mm'X
2.0mm"xG.L. 6.0 mm.

Table 3. The mechanical properties (dimensions of test piece: 1.2 mm"x2.0 mm*XG.L. 6.0 mm).

Steel Base Low C High C
|Strain rate(/s) Process FGP [ MGP | CGP | FGP | MGP | CGP | FGP | MGP | CGP
YS(MPa) 320 480 470 345 375 420 580 600 715
TS(MPa) 731.4 |1 7705 | 794.3 | 676.0 | 653.1 | 670.8 | 1071 [ 982 | 1002
U.EL(%) 190 | 145 | 11.7 | 194 | 17.1 148 | 13.9 | 14.1 13.6
107 L.EL(%) 130 | 144 [ 139 | 159 [ 152 [ 16.0 9.6 116 | 11.7
T.EL(%) 320 [ 289 | 256 | 353 | 323 | 30.8 | 235 | 25.7 | 253
10%ab(MJ/m*) | 60.5 | 665 | 703 | 55.0 | 556 | 595 | 943 | 886 | 915
AllabMJ/m% | 206.8 | 189.2 | 184.6 | 206.1 [ 182.7 [ 1784 | 216.1 [ 215.3 [ 2231
YS(MPa) 650 661 732 605 650 690 770 890 915
TS(MPa) 857.2 1877.8 {9093 | 791.0 {7975 [817.1 | 1182 [ 1090 | 1094
U.EL(%) 158 | 154 | 142 | 173 | 168 | 168 | 146 | 154 [ 135
10° L.EL(%) 17.8 | 16.1 160 | 218 | 8.1 19.0 | 138 | 143 [ 175
T.EL(%) 336 | 315 | 302 | 39.1 349 | 358 | 284 | 297 [ 310
10%abMJ/m3 { 71.7 | 775 [ 886 | 67.7 | 71.0 | 755 ]107.9 | 1000 | 99.4
Allab(MJ/m®) | 252.1 | 241.0 [ 231.6 | 263.6 | 234.3 | 2422 | 2643 | 272.2 | 285.6

Steel High Si Extra high Si

| Strain rate(/s) Process FGP [ MGP | CGP | FGP | MGP | CGP
YS(MPa) 410 410 | 385 442 430 380
TS(MPa) 774.0 | 742.7 | 764.6 | 800.0 | 756.3 | 777.1

U.EL(%) 19.7 | 162 | 165 | 19.7 [ 178 [ 16.9
107° L.EL(%) 133 | 137 9.7 139 | 127 | 126
T.EL(%) 33.0 | 299 | 262 | 336 | 305 | 295

10%ab(MJ/m°®) | 65.0 | 62.8 | 668 | 66.2 | 65.1 64.3
Allab(MJ/m®) | 222.1 | 195.3 | 174.2 | 231.8 | 203.6 | 200.2
YS(MPa) 681 670 758 760 732 760
TS(MPa) 895.2 | 869.1 | 940.8 | 934.2 | 888.7 | 908.2
U.EL(%) 188 | 168 | 155 | 193 | 177 | 16.9
10° LEL(%) 16.9 | 16.1 15.6 | 15.1 17.2 | 16.2
T.EL(%) 357 | 329 | 311 344 | 349 | 331
10%ab(MJ/m°) | 77.6 | 79.7 [ 836 | 82.1 835 | 817
AllabMJ/m®) | 273.0 | 240.7 | 246.2 | 275.2 | 263.1 | 253.4

* Y8 is 0.2% proof stress. TS is tensile strength. U.EL is uniform elongation. L.EL is local elongation.

T.EL is total elongation. 10%ab is absorbed energy deformed up to 10% strain. Allab is absorbed energy

to fracture.
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Fig. 4. Effect of volume fraction of martensite (¥,,) on TS and TSXT.EL in static strain rate through carbon content (a)—(c) or sili-

con content (d)—(f).
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strength for all the steels.
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Fig. 11. Cell structures formed by 15% tensile strain for
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show elongated cell walls, which have a fairy
large misorientation.
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