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Effects of Strain Rate and Temperature on Ductility of Interstitial Free Steel Sheet

Seishi Tsuvama, Hiroyuki Tsunopa and Yoshihiro Hosova

Synopsis

: Effects of strain rate and temperature on tensile ductility of an interstitial free ultra low carbon steel sheet, which does

not show dynamic strain aging have been studied. Total elongation of this steel decreases with an increase in strain
rate up to 5X1072/s and contrarily increases in the higher strain rate region. This increase of total elongation is due
to a drastic increase of post-uniform elongation, which can be explained neither by heat generation due to plastic

deformation nor by equivalency of temperature to strain rate.

The possible mechanism for large post-uniform

elongation in the high strain rate region is an increase in diffusion of local necking area due to grain boundary sliding.
Key words : ultra low carbon steel; interstitial free steel; plastic deformation; ductility ; grain boundary sliding ; strain rate;

temperature.
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Table 1. Chemical

(mass%%).

composition of steel tested

C Si | Mn | P S |sol.All N Nb | Ti |Ti*/C
0.0021] 0.02 | 0.15{0.004|0.002{0.046 (0.0020{0.009|0.083] 8.71

Ti*=Ti— (48/14) N — (48/32)S

Table 2. Specimen size and condition of tensile test.

Specimen size Strain rate Test temperature

(mm) (s C)
1 25w X 50GL 1.4X104—1.4X10* | Room temperature
2 12.5w %X 25GL 1.4%1073 20—300
3 6.25wXx25GL | 1.4%X1073 1.4X10* 20, —100

w . width, GL : Gauge Length

Frk 5469 A22H T4+ EM 642 B 4 BRE (Received on Sep. 22, 1993 ; Accepted on Feb. 4, 1994)
*  NKKSBAMEHLATHFZAT (Materials & Processing Research Center, NKK Corporation, 1 Kokan-cho Fukuyama 721)
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Fig. 1. Effect of strain rate on strength and elonga-

tion.
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Fig. 2. Change in strain dependence of n-value with
strain rate at room temperature.
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Fig. 3. Effects of strain and strain rate on tempera-
ture increase during tensile deformation.
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Fig. 4. Effect of test temperature on elongation.
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Table 3. Effects of strain rate and temperature on
tensile strength and elongation.

Uniform [Post-uniform
strength |elongation |elongation | elongation

Number [Strain rate|{Temperature| Tensile | Total
of (s™) §©)

_ condition MPa) | (%) (%) (%)

1 1.4X107® 20 261 50.6 29.3 21.3
2 1.4X10! 20 381 55.9 26.6 29.3
3 1.4x1073 —100 399 34.2 18.4 15.8
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Fig. 5. Transmission electron micrographs showing
the morphological change of dislocation with
different strain rate of a) 1.4X10"3and b) 1.4
X10'/s! (tensile strain: 0.1).
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Fig. 6. Change in strain distributions of width and
thickness with strain rate.

AL TR OEELIN D DERE A = X EHL T
B LEEREL TS,
HBERLCIR G T OSRME c s T Y, 2) —
THRBPUIZBRFETROPHELTOBI LD HONTL 59,
IFSTIRARIBEIACEVBESI N TG 5 2 Lok bR
DRULI N T B2, BEOHMMETIZEI vz (v
SILRMTFEHCTHERRET O 2EZ 2 WHEMEYH £
6B, 22T, USSP ANTHKEBRIT 2N S ¢701%
CERMETFHEMEETBIE T A I LICL b, ZOMAERIT

Strain rate (s-1)
__1.4x10"

1.4X10° |

Distance from fractured point {mm)
18 ‘

35

Fig. 7. Surface appearances of tensile specimens with
scratched line after deformation. Arrow mark
indicates an evidence of grain boundary sliding.
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