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Estimation of Flow Stress by the Kocks—Mecking Model at Strain Rate of 10%/s for an Ultra Low Carbon Steel

Jong-Ho PARK, Yo TOMOTA, Shusaku TAKAGI, Shin ISHIKAWA and Tefsuo SHIMIZU

Synopsis : Tensile flow stress of an ultra low carbon steel was investigated at temperatures between 77K and 293K with strain rates from 2X107%s to
2X10%s. Stress—strain curves were described by using the Kocks—Mecking model in which several parameters were determined from the ex-

perimental data obtained by conventional tensile tests with lower strain rates less than 2X 10%s. It is found that the flow stress at 2X 10%/s esti-
mated by the Kocks—Mecking model agrees well with the stress measured by Hopkinson-bar method. The decrease in work-hardening rate at
2X10%s was discussed from the viewpoints of temperature rise and microstructural evolution during high speed tensile deformation, leading

to a conclusion that the former was a main reason.
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Table 1. Chemical composition of a ultra low carbon steel
used (mass%).

C Si Mn P S
0.003 0.04 0.18 0.01 0.008
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Fig. 1. Schematic illustration of thermal activation model
for dislocation motion.
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Fig. 2. True stress—true strain curves for the ultra low car-
bon steel at various temperatures and strain rates
from 2X107%s to 2X10%s.
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Fig. 3. True stress—true strain curves for the ultra low car-
bon steel at various temperatures and strain rate of
2X10%s.
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Fig. 4. Relationship between Larson—Miller parameter and
flow stress at various strains.
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Table 2. Parameters for the Kocks—Mecking model.
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Fig. 5. Determination of parameters in Egs. (5) and (9): (a) determination of &, and g,; where p,=0.5 and ¢,=1.0, (b) determina-

tion of 6, and g, where p,=0.5 and g,=1.5.
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Fig. 8. Estimated plots and measured flow curves at vari-
ous temgeratures with strain rates from 2X107%/s

to 2X10"s.
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Fig. 9. Estimated plots and measured flow curves at vari-
ous temperatures with a strain rate of 2X10%/s; es-
timations were made for adiabatic and isothermal
deformation.
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Fig. 10. Optical micrographs for the ultra low carbon steel
strained by 10% with different strain rates: (a)
2X107%/s and (b) 2X10s.
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Fig. 11. TEM microstructures for the ultra low carbon
steel strained by 10% with different strain rates:
(a) 2X10™%s and (b) 2X10%/s.
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Fig. 12. Flow curves obtained with a strain rates of
3.33X107%s for an IF steel, where test tempera-
ture was changed either from 77K to 296K or
296K to 77K. For comparison, the results at con-
stant temperatures were drawn by solid lines.
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Fig. 13. Flow stress with strain of 5% calculated by the

KM model at 77, 153, 223 and 293K where plot-
ting was done in order to find strain rate sensitivi-
ty exponent (m*).
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