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Mechanical Properties of Two-Ductile-Phase Steels
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. Geometrical features of two-ductile-phase
steels and parameters to represent them®:

(a) Three possible classes : (i) two discon-
tinuous phases, (il) two continuous phases,
and (iii) onec continuous and one discon-
tinuous phases. (b) Mean free path (17
or 2;;) and mean particle spacing (D).
(¢) Grain boundary length (S;; or Syp)
and interface length(Syy1) in Eq. (2)
(contiguity parameter).
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Fig. 2. Nominal stress-strain curve of Ni-W dire-
ctionally solidified eutectic, showing the four
stages of deformation!?). The insert shows
the carly portion of the stress-strain curve
where transition points (i) and (ii) are
indicated.
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Fig. 3. True stress-strain curves of a-y Fe-Cr-Ni steels (measured and calculated)!3).
FEM : Finite Element Method, f : volume fraction of the hard phase, C* :
yield strength ratio (=¢%'/c}) and g5 :0.2% proof stress.
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. Typical aspect of slip lines by tensile de-
formation (g,=0.03) in a ferrite~marten-
site steel with large C* (>6.7) and
small £ (=0.26). Symbol M indicates
martensite colony.
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Photo. 2. Typical aspect of slip lines by tensile
deformation (§,=0.1) in a ferrite-marten-
site steel with small C* (=4.5) and
small f(=0.26). Photo. (b) is an etched
patternof Photo. (a). Symbol M indicates
martensite colony. .
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Fig. 4. Effect of plastic strain on the hardness of
austenite in austenite-martensite Fe-Ni-C
steels1®.  Effects of volume fraction of
martensite  (f) and the yield strength

ratio C¥(=g¢g'/al) are also shown.

——- Nakamura-Wakasa
400k| — Tomota et al.

Gor (f=032)

300+ 633R(f=051)

MPa

200

o)

5

\
N

% G3R(f =
Tensile plastic strain  067)

7001002 003 004 00 006
& — G2 R(1=051)

Residual stress
(=]

-100}

1 e
200k Oxin(1=048-.

Fig. 5. Residual stresses in each constituent phase
produced by plastic deformation in a~y Fe-
Cr-Ni steels measured by X-ray technique
19200, f: volume fraction of ferrite (a).
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Fig. 6. Effect of volume fraction of ferrite (f)
on the mechanical properties in @~y Fe-

Cr-Ni steelsz1) ~23),
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Fig. 7. Effect of volume fraction of the hard phase
(f) on 0.29, proof stress (gs) compared
under nearly the same grain size(d ).
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Fig. 8. Effect of volume fraction of the hard phase
(f) on yield strength (o5) calculated by
GURLANDI® : (a) schematic representation
of the variation of yield strength with com-
position for three typical structure cases :
curve a : discontinuous hard phase in con-
tinuous soft matrix, curve b : discontinuous
soft phase in continuous hard phase, and
curve ¢ : continuous fiber reinforced mate-
rial. (b) an example of calculation by

this method.
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Fig. 9. Effect of volume fraction of the hard phase
(f) on work-hardening rate in a-y Fe-
Cr-Ni steels2?.
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Fig. 10. Results of tension-compression tests in a-
v Fe-C-Ni steels ( f=0.51)2®,  Reverse
flow curves are replotted in tensile domain
for comparison by dashed lines (---).
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Fig. 11. Monotonic and cyclic stress-strain curves

for the various conditions of pre-strain in
a dual phase steel30).
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Flcia,

= .. — II

PG=PGl+PGz=Crb€d—pI+Cz"l{_f——(epbd:p )

- (9)
EHBEIRTWAS. mlm%€Mhﬁ,pm@2mﬁﬁ
DEECRHRTZSDTHY, C, Co TR, bix- -
=AY pLOKREIRFT. BWEMHLZ OERAEE
DI X v L L, T DL Bailey-Hirsch X%

AT,

C —
V. 7
i
% 1 siusan \ T
dr L // ‘TTT
1 1§77 >
A A,L ha
#\ 2ty
TS T T
I I ~L'L 4
I L oLy
4 /f‘}/
YAY .
i 1
7 L

a4

Fig. 12. Schematic illustration to show the inho-
mogeneous plastic deformation in a two-
ductile-phase steel and to explain AsHBY’s
geometrically necessary dislocations®.
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Fig. 15. Examples of plastic strain distribution cal-

culated by FEM29) : (a) Model A, small
C*(=3.3), (b) Model A, large C*(=6.5)
and (c¢) Mocdel B, large C*(=6.5). The
hatched area in models shows the hard
phase.
The model A consists of islands of the hard
phase within a continuous soft phase net-
work, while the model B is just the reverse,
that is, the hard phase is continuous.
The volume fraction of the hard phase
(f) is 0.3 in both models.
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Fig. 17. Average internal stresses in each constituent phase calculated from a self-
consistent continuum model and by FME analysis?®, f : volume fraction

of the hard phase.
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Fig. 18. Tension-compression flow curves calculated by FEM analysis (a) and from

a self-consistent continuum model (b
in tensile domain by dashed lines.
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Fig. 19. Schematic illustration on the relation bet-
ween m* and flow stress. The inserted
figures, A, B and C refer to equal strain
model, four element one and equal stress
one, respectively.
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Fig. 20. Effect of tensile deformation on the hard-
ness of pearlite (JI[) in the all pearlitic
steel and in ferrite (T )-pearlite (J[) low
carbon steel (a) and stress-strain behavior
of I, II, and the aggregate (I +1[)%.
Arrows show how to predict the deforma-
tion states of two component phases in the

aggregate.
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perimental curve (by rolling) by Mima and
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by a continuum model3® are also shown.
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at the interface in a ferrite~-martensite steel

(473 K tempered), (b) fracture of marten-

N site colony in a ferrite-martensite steel(873

K tempered), and (c) fracture of pearlite
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M and P show martensite colony and pearl-
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Fig. 24. Effect of volume fraction of the hard

phase( f) on endurance limit (fatigue
strength at 107 cycle) compared under
nearly same grain size (d) in a-y Fe-
Cr-Ni steelss®, Effect of d; is also
showns2),
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