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ABSTRACT

One of characteristic feature of stress determination by X-ray diffraction technique is the possibility to analyze stress state
in individual phases of a multiphase material. Duplex steel widely used in chemistry and oil refinery equipments is an
example of this kind multiphase material consisting of approximately equal quantities of ferrite and austenite. These phases
have different mechanical properties that cause a different stress distribution under loading. In the present paper mechani-
cal behavior of a duplex steel and their ferrite and austenite phases have been studied by X-ray diffraction technique. Stress
distribution has been analyzed both in elastic and plastic region.

1. INTRODUCTION

Duplex steel used in this paper is a standard stainless steel composed of approximately equal volume fractions of ferrite and
austenite. Stress distribution of this kind multiphase material can be expressed by the following equation:

O—dup:Ga*fa+ay*fy (l)

where Oy, is the applied stress, 0, 0, are the stresses acting, respectively, in ferrite and in austenite; fu, f, are the frac-

tion volumes of o~ and »- components. But this equation is not sufficient to predict stress distribution in a duplex steel be-
cause its mechanical behavior depends of initial residual stress state of components. Therefore, a study of stress-strain de-
pendence described by equation (1) is important to understand the mechanism of plastic deformation of the multiphase ma-
terial and to evaluate the contribution of each component in formation of mechanical properties. Stress determination by X-
ray diffraction method can be used for this aim because it allows to measure individual stress state both in ferrite and in
austenite.

The aim of the present paper is to study mechanical behavior of each component of a duplex steel under loading in
elastic and plastic regions using X-ray diffraction method.

2. MATERIAL AND EXPERIMENTAL TECHNIQUE

The studied duplex steel, fabricated by hot rolling and
quenching at high temperature, contents approximately
equal volume fractions of ferrite and austenite. After
machining the analyzed surface was polished by electro-
Iytic method to remove 0,15 — 0,20 mm of distorted sur-
face layer. Loading of samples was made by pure bending
test using portable loading device allowing to control the
applied stress and to measure the sample strain. The
scheme of loading device is shown in Figure 1. Portabil-
ity of this device permits to mount it on X-ray diffracto-
meter and to carry out in-situ measurements of individual
stresses in each phase during loading.

Diffraction measurements were performed using
portable diffractometer [1] developed by authors with
position sensitive detector. Reflections (211), and (220),
with Cr - K, wavelength were used for X-ray stress
analysis. The magnitudes of X-ray elastic constants were

taken from [2]. Fig. 1. Scheme of a loading device: 1 — analyzed sample,
2 — sample support, 3 — loading spring I.
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3. METHODOLOGY AND EXPERIMENTAL RESULTS

In accordance with the definition of principal parameters of bending test the following equations were used to calculate the
applied stress and strain of surface layer of sample:

F = k*Aly, o)
Ouppi. = 6k ALy, *(L+h/2) *cosa/bh®  (3)
&= h*sina/Lyase )

1902 = 26/lyuse ®)

where £ is the load coefficient of the spring, used for loading of samples; & is the deflection of a banded sample; o is the
distance between contact points to measure the magnitude of deflection; L is the arm of an applied force creating a bending
moment. Testing of the bend loading device was made on a sample of the duplex steel. Figure 2 shows the elastic region of
a stress-strain diagram.
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Fig. 2. Stress — strain diagram for duplex steel.

The value of modulus of elasticity for duplex steel determined from this diagram is equal to £ = 205300 Mpa that corre-
sponds to the value of modulus obtained on a Instron loading machine. This fact means that portable loading device and
experimental technique have high accuracy and precision to be used stress-strain analysis. Stress determination by X-ray
diffraction technique was made by traditional sin’ - method for unidimensional stress state. Principal equation for calcula-
tion of stress component in axial direction both for ferrite and austenite is the following [2]:

G=E*ctg6(990- 60) /(1+ V), ©6)

where E, v are the X-ray elastic constants, respectively for ferrite and austenite components; €is the magnitude of a diffrac-
tion angle; #° and & are the magnitudes of diffraction angles calculated by a linear regression from the experimental de-
pendence 20 = f{sin’y), where v is the angle between the normal to a surface and the normal to reflecting lattice planes.

Diffraction experimental data contain determination of residual stresses in post-fabrication samples of the duplex steel
and measurements in-situ stress distribution in elastic and plastic regions of the stress-strain diagram. Figure 3 represents
the experimental stress-strain curves obtained by bend testing and by X-ray diffraction technique. Initial residual stresses
obtained for ferrite and austenite phases are equal to 0, “= - 120 Mpa and o, = +110 Mpa. Stress measurements in
each phase under loading in the elastic region can be characterized by linear functions with quasi — parallel slopes of the
stress-strain diagram. This means that ferrite and austenite phases have similar values of elastic constants. Yield stresses for
components of duplex steel from the stress-strain curves obtained by X-ray diffraction method are equal to 490 MPa for
austenite and 650 MPa for ferrite.
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Fig. 3. Stress — strain curves: 1 — duplex steel; 2 — ferrite; 3 — austenite.

4. CONCLUSION
Stress state in ferrite — austenite phases of duplex steel have been analyzed before and during loading. Initial residual stress
state in the phases is characterized by compressive stress in ferrite phase and tensile — in austenite. Elastic region is charac-
terized by quasi-parallel linear functions both for ferrite and austenite. Plastic region has shown difference between applied
— and phase stresses. This difference increases with an increment of plastic deformation.
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