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Effect of Duplex-grained Structure on Yield Stress of IF Steels

Riichirou MATOBA, Nobuo NAKADA, Yuichi FUTAMURA, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis

: The “nominal grain size” (average grain size) is generally applied to Hall-Petch relationship to evaluate grain refinement strengthening in

polycrystalline materials. However, the steels with wide grain size distribution (duplex-grained structure) may not deform uniformly but

yield preferentially from larger grains to finer ones. This phenomenon is called “micro-yielding”. In this study, the effect of duplex-grained

structure on the yield stress was investigated by using some IF steels with different grain size distribution. As a result of tensile testing, the

yield stress of duplex-grained steels could be conventionally plotted on the Hall-Petch relationship as a function of (nominal grain size)

172

in the range from 100 to 10 um, even though the micro-yielding phenomenon occurred within the coarse grains at a lower stress than the

macroscopic yield stress. When the volume fraction of grains with identical size is summed from larger-sized ones, the summated volume

fraction (defined as the integrated volume fraction) always reaches 70-80 vol% at the nominal grain size irrespective of the difference in

grain size distribution. These results suggest that polycrystalline materials including duplex-grained structure materials cause the macroscop-

ic yielding when the grains of 70-80 vol% are micro-yiclded.
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Fig. 1. Dispersion of nominal grain size measured with
different observation area size in severely duplex-
grained IF steel.
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Fig. 2. Optical micrographs and crystallographic orientation imaging maps of normal-grained IF steel (a), lightly duplex-grained

IF steel (b) and severely duplex-grained IF steel (c).
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Fig. 3. Number fraction of grains with different grain size
as a function of their sectional grain size in normal-
grained IF steel (a), lightly duplex-grained IF steel
(b) and severely duplex-grained IF steel (c).
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Fig. 4. Volume fraction of grains with different grain size
as a function of their sectional grain size in normal-
grained IF steel (a), lightly duplex-grained IF steel
(b) and severely duplex-grained IF steel (c).
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Fig. 5. Nominal stress—strain curves of normal-grained IF steel (a), lightly duplex-grained IF steel (b) and severely duplex-grained

IF steel (c).
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Table 1. Nominal grain size and yield stress of normal-
grained IF steel, lightly duplex-grained IF steel
and severely duplex-grained IF steel.

Nominal grain size Yield stress
(um) (MPa)
N I-grai
ormal-grained 15 96
IF steel
Lightly duplex-grained 21 92
IF steel
Severely duplex-grained
IF steel 38 84
Nominal grain size, d, /um
200 100 50 30 20 10
150 T T T T T T
172463
.= 0.13d
8 100 - y
=
B
@
4
s 50 r b
() L
O Normal-grained (d, = 15,69,78 um)
A Lightly duplex-grained (d,, = 21 um) |
O Severely duplex-grained (d, = 38 um) |
0 1 ] ] I 1 1
0 50 100 150 200 250 300 350

1 1 i -1/2 -
(Nominal grain size, d,)"2 / m-12

Fig. 6. Hall-Petch relationship in the normal-grained and
duplex-grained IF steels.
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Fig. 7. Optical micrograph observed with differential in-
terference microscope showing micro-yielding phe-
nomenon. Specimen was loaded under the elastic
limit.
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Fig. 8. Change in integrated volume fraction as a function
of the sectional grain size in normal-grained IF
steel (a), lightly duplex-grained IF steel (b) and se-
verely duplex-grained IF steel (c).
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