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Tensile Deformation Behavior at High Strain Rate for Ultrafine-grained Ferrite—cementite Steels

Noriyuki TSUCHIDA, Yo TOMOTA and Kotobu NAGAI

Synopsis

: We performed a high-speed tensile test at a strain rate of 10°s™! below room temperature for ultrafine-grained ferrite—cementite (FC) steels

with ferrite grain sizes of 0.47, 0.7, 1.1, and 1.5 um, which were obtained by using a low carbon steel. In the high-speed tensile tests, with de-
creasing of ferrite grain size, flow stress increased but uniform and total elongations decreased. When the effects of temperature and strain
rate on flow stress between the FC steels and the FP steels are compared at the investigated range of temperature and strain rate, thermal
stress component of the FC steels is bigger than that of the FP steels. The effect of ferrite grain size on flow stress of the FC steels is almost
independent of temperature and strain rate including the high strain rate. That means the ultrafine-grain strengthening depends on the increas-
ing of athermal stress component. The effect of ferrite grain size on absorbed energy obtained by the high-speed test was discussed in various

steels.

Key words: ultrafine-grained steel; low carbon steel; high-speed tensile test; temperature; strain rate; ferrite grain size.
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Fig. 1. SEM micrographs of ferrite—cementite steels used in this study; (a) D=0.47 um, (b) D=0.7 um, (¢) D=1.1 ym, and (d)

D=1.5 um.
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Fig. 2. Nominal stress-nominal strain curves of the ferrite—

cementite (FC) steels and the ferrite—pearlite (FP)
steels? obtained by high-speed tensile tests with a
strain rate of 10°s™! at 296K (a), 210K (b), and
77K (c).
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Table 1. Tensile properties obtained by high-speed tensile
tests at 296K for the ferrite—cementite (FC) steels
and the ferrite—pearlite (FP) steels (strain rate=

10°s71).
D (um) Microstructure | TS (MPa) U.El (%) T.El (%)
0.47 FC 994 129 327
I 2 942 116 344
1 FC 8s4 | 4o | 82
15 FC 779 12 432
36 P 692 18.6 488
9.8 FP 656 na | 509
462 FP 608 17.7 50.5
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Fig. 3. 7% flow stress as a function of strain rate between

10° and 107%s™! for the ferrite—cementite gFC)
steels¥ and the ferrite—pearlite (FP) steels'” at

296K.
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4. 7% and 10% flow stresses at 10°s™' as a function
of those at 10™*s™! for the ferrite—cementite (FC)
steels and the ferrite—pearlite (FP) steels at 296K.
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Fig. 5. Difference of 7% and 10% flow stresses between
10° and 107*s™' (40,y0+s) as a function of
those at 107*s™' for the ferrite—cementite (FC)
steels and the ferrite—pearlite (FP) steels at 296K.
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Fig. 6. Difference of 10% flow stress between 10° and
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Fig. 7. 7% flow stress as a function of the inverse square

root of ferrite grain size (D~"?) for the ferrite—ce-
mentite (FC) steels® and the ferrite—pearlite (FP)
steels'? at various temperatures and strain rates.
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Table 2. 7% flow stress (o, 237) summarized by using the
Hall-Petch equation® at various temperatures and
strain rates for the ferrite-cementite (FC) steels
and the ferrite—pearlite (FP) steels.

Microstructure T (K) Strain rate (s‘]) G007 (MPa)
FC 296 10° 360+540D"'"
" FC 210 10 285+540D 7172
FC 296 10° 245+540D"2
FC 296 10 200+540D°'7
FP 296 10° 590+158D'"
FP 210 10 535+158D°"2
""""""" P 296 109 500+158D7
FP 296 10 455+158D7""?

Table 3. Absorbed energy for the ferrite-cementite (FC) steels and the ferrite—pearlite (FP) steels at 206K (MJ/m?).

D (um) Microstructure 7% 10 % 20 % 30 % Total
0.47 FC 63 93 191 273 283
0.7 FC 60 88 180 260 278
1 FC 58 83 167 244 286
1.5 FC 50 73 149 220 284
3.6 FP 46 65 131 196 304
9.8 FP 38 55 119 183 288
462 FP 35 52 12 172 266
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