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INTRODUCTION

The method of X-ray measurement of volume fraction of
residual austenite in steels has been investigated for a

powdered specimen as well as randomly oriented sheet spec-
men I-6} The volume fraction of austenite, V y, is deter-
mined by the following equations

Vy Re/ Ry) Iy / Ie + Re / Ry Iy (I)

where Iy and Ie are the intensity of diffraction lines of
austsenite and martensite phases,respectivesly, Ry and Re
factors are given empirically or theoretically for various
kinds of combination of diffraction lines of both phases.

In the case of textured specimen, however, it is
necessary to take the preferred orientation of the auste-
nite and the martensite phases into account. Morris tried
to make a correction of diffraction intensities through
the measurement of the pole figures of both phases 6).

As there are number of studies on the transformation
texture, orientation relationship and the variant selection
due to the stress state i0-8), it is possible to estimate
the transformation textures of martensite if the initial
texture of austenite and the stress state during transfor-
mation is given.

In the present paper, the authors have tried to make
clear the effect of transformation textures of the mar-
tensite on the determination of volume fraction of the
residual austenite by the use of equation (i).

SPECIMEN AND EXPERIMENTAL METHODS

Specimen Commercial austenitic stainless steel sheet,
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Table i. Chemical Composition of the Steel

Steel C Si Mn Ni Cr Cu N Fe

SUS301 01 62 99 7.52 17.56 02 Bal

was used for the test specimen. The chemical composition of
the specimen is shown in Table i.

Texture measurement For the texture measurement of aus-
tenite phase the cold rolled and annealed sheet was used,
and for the martensite phase, the specimen was taken from
the elongated and fractured test piece. The tensile test
was carried out with the strain rate of 0.167/sec at 77K.
It was confirmed that the region near the fractured edge
was all transformed into martensite.

Pole figures were measured by the Schulz refcection
method using Co Ke. radiation. And three dimensional analy-
sis was carried out by the use of Vector methoda,9) from
the (iii) pole figure of austenite phase and the (ii0)
pole figutre of martensite phase.

SIMULATION OF TRANSFORMATION TEXTURES

Caluculation of Transformation Texture For the simula-
tion of the transformation textures the program developed
by Furubayashi was used, and the following stress criteria
were appplied
(i) Rolling stress criterion (RSC): Combination of the

simple compressive stress along the sheet normal direction
(ND) and the simple tensile stress along the rolling direc-
tin (RD). The ratio of compressive and tensile stresses,
(2) Anti-rolling stress (ARS) Stress is reverse direction
as the RSC, i.e., the combinatiaon of compressive stress
along RD and the tensile stress along ND.
(3) Pure tension stress (PTS) In this stress mode, the
tensile stress along certain direction is unity but the
stresses along other directions are zero.
(4) Plane strain tensile stress (PST) In this case, ten-
sile stresses are applied along the minor principal axis is
half value of the one of the major principal axis.

The variant selection is determined as follows:
(I) Active slip system model*,12,*a): It is assumed that the
resolved shear stress concerned with each slip system is
proprtional to the Tucker factor, TF. In the "Strong Selec-
tion", the slip system that has the largest TF is selected
as the active slip system. In the "Weak Selection", active
slip system is determined by Monte-Carlo method from all
the slip systems that have the TF larger than the maximum
work factor, MWF, which is given as one of the boundary
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conaltlOn.

(2) Twinning shear model* 0, When Nishiyama’s rela-
tionship is applied for transformation, the variant selec-
tion due to twinning shear model can be easily treated.
(3) Lattice distorsion model,*s) By the use of
Bain’s distorsion mechanism, the variant selection due to
this model can be easily calculated.

RESULTS

Texture of Austenite and Martensite Phases The measured
(iii) pole figure of austenite is shown in Fig.l(a). By
means of Vector method analysis, it was clarified that the
major texture components are (235)[Iii], (112)[iii], (368)
[656], (166)[665]. The recalculated (iii) pole figure is
shown in Fig-l(b), which is well agreed with Fig.l(a).

The (Ii0) pole figure of martensite phase was measured
and is shown in Fig. 2(a). Transformation texture was cal-
culatead under pure tensile stress models (PTS) along RD
TD and ND, and only the PTS model along ND well agreed with
the observed result, as shown in Fig. 2(b).

Intensity of Diffraction Lines of Martensite It is
clear that the intensitiy of each diffraction lines varies
due to preferred orientation even if the volume fraction
of the martensite phase. As the calculation of equation (i)
the intensity of austenite and martensite was measured by
the various kinds of combinatoin, such as 220+311+222, 220
+311, 200+220 or 220 for austenite and 200+211+220, 200+220
200+211 for martensite,S,) The intensity of pole density
if i00,ii0,iii and 211 of martensite was detemined from the
ND inverse pole figure and was given in Table 2. The exam-
ples of ND inverse pole figure is shown in Fig. 3.

Change in Austenite Volume Fraction Due to Texture The
change in calculated austenite volume fraction was compared
with the observed and calculated textures. The models such
as pure tensile stress along ND, tensile stress along ND
with compressive stress along RD. The result is shown in
Table 3.

DISCUSSION AND CONCLUSION

Simulation of Transformation Texture In the present
study, the authors further calculated under various types
of stress state, such as (i) RSC, tension along RD and
compression along ND, (2) ARS, tension along ND and Compre-
ssion along RD; (3) PST, RD (1) -ND (0. 5) i.e., tensile
stress along RD(unity) and tensile stress along ND(0.5)
(4) PST, ND (1) -RD (0. 5) the reversed stress state as the
case (3) and (5) PST, ND (1) -TD (0. 5) Among these stress
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Table 2. Pole Intensity* of Major Lattice Plane

Stress state (i00) (ii0) (iii) (211)

Tensile specimen (obs)
Pure tension (calc)
Anti-rolling (calc)

1.4 0.5 1.6 2.0
1.7 0.0 0,0 2.5
2.0 0.0 0.0 3.2

*Intensity is given by the ratio of pole density of each
stress state and the one of no variant selection.

Table 3. Change in Austenite Volume Fraction Due to
Preferred Orientation

Diff lines Obs* Anti-rolling Pure tension (calc)

Nominal volume 0.20 0.20
200 0.20 0.11
220 0.38 1.00
211 0.20 0.07

200+211 0.20 0.09
220+211 0.26 0.14

0.20 0.40 0.60 0.80
0.12 0.28 0.47 0.70
1.00 1.00 1.00 i.00
0.09 0.21 0.38 0.62
0.23 0.44 0.64 0.82
0.17 0.35 0.55 0.76

*Obs: Calculated from the ODF of martensite in the
deformed specimen

models, (2) and (4) showed very good agrement and (5)
gave nearly the same result as the observed ones.

These results agree with Furubayashi’s calculation,
who confirmed that the transformation after cold rolling of
austenitic stainless steel agrees with the simulation under
anti-rolling stress state

Calculation of Austenite Volume Fraction by X-Rays As
Morris stated ) in order to estimate the exact volume
fraction of residual austsenite in textured specimen, it is
necesary to measure the texture of both austenite and
martensite phases, and the diffractaion intensity should be
corrected.
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Fig. i. (lll) Pole figure of initial austenite phase.
(a) Measured, (b) recalculated from ODF.
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Fig. 2. (ii0) Pole figure of martensite phase.
(a) Measured, (b) calculated from ODF of y.
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Fig. 3. ND pole figures of martensite phase.
(a) Measured, (b) calculated from ODF of y.
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