A NEW METHOD TO DETERMINE
SINGLE CRYSTAL ELASTIC
BEHAVIOR FROM POLYCRYSTALS
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M odern engineering analysis techniques, used to ensure tFIGURE 1. Dependence of Young’s modulus E (a) and c)) and Poisson’s
: : : . . - ratio v (b) and d)) on the direction hk/ in the cubic crystal lattice for Ni.
parts in e.g. b”dges' alrplanes, O_r automobiles YVIH S_urVI\The case of the single crystal is represented by a) and b), whereas c) and
the stresses of use, rely on understanding the proportionality —d) show E(hk/) and n(hki), respectively, as they would be obtained from a
: P . .._set of crystallites which have been selected out of an aggregate of
between stress and strain. For many applications the descriptity,y oy oriented grains. The selected crystallites have in common that
of the proportionality between stress and strain in terms of ~ for a certain hk/ their lattice vectors are parallel.

isotropic, i.e. independent of direction, elastic constants is still

sufficient, the knowledge of these constants for anisotropic cas@gh'_eved by d|ffract.|on which provides mformatiqn about the .
becomes increasingly important for manufacturing processes, Afrain and the elastic response of the crystal lattice for a particu-

micromechanical modeling of materials behavior, as well as fopar direction [hkl] - _
custom tailoring new composite materials. For materials which These S0 ca_IIed diffraction elastlt.: constant§ (DEC)_
are crystalline on some length scale, anisotropy begins at the describe the elastic response of a particular family of lattice

grain size level (single crystal elastic constants) and extends aglanes ina certam group of grains with the apprapriate orienta-
far as anisotropy can be introduced into the material. tion to an applied load. Although the DEC are a feature of the

This macroscopic anisotropy is induced by two basic polycrystal they can be readily compared to the directional
effects — a preferred orientation of the crystal lattice of the ~ d€Pendence of the elastic constants in a single crystal (Fig. 1).

constituent grains and/or a preferred grain shape distribution. A The smoothing effect for'the.‘aggregate’ constgnt is a result
preferred grain shape distribution means that grains or inclusioﬂgthe fact that each of the grains in the polycrystal is surrounded

have a non-spherical shape on average and they are aligned t(py other, not necessarily randomly oriented grains. The elastic
some common axis as well. This effect is not necessarily response of the selected grains is therefore somewhat obstructed

connected to the first one in comparison to the single crystal. Thus, probing the DEC can

The anisotropy of elastic properties on a macroscopic Sca@wde a wealth of information about the average local condi-

(=1 mm) can be readily measured by straining the specimen opons or.1 the'gram S'Z? Igve!. ' .
by ultrasonic resonance. However, these methods fail in cases in ~ SINCe its commissioning the residual stress diffractometer

which the microscopic scale is of interest. Examples are precip‘?—t the thermal beamline BT8 has been used for a variety of engi-

tations or inhomogeneities of other phases whose elastic neering-applications-related measurements as well as for basic
constants are unknown but determine nonetheless the strengthSHfdies of the elastic behavior of materials. In the course of these
the composite or alloy as a whole. The goal can therefore be €XPEfiments a method has been developed which allows the
formulated as the determination of the anisotropic or single determination of single crystal elastic constants from measure-
crystal elastic constants on the microscopic scale. This can be ments on polycrystals. This is done experimentally by loading a
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FIGURE 2. Schematic of the stress rig.

specimen in a sss iy and measimg the ldtice response
nomal and paallel to the load dection (Fg.2 and fg. 3).

1  stepping motorresolution 1:360

2 gear reduction 1:2500

3 tensile bar

4 10 kN load cell

5 beam in tansmission (¥ungs modulus)

6 beam in eflection (Pissons ratio)

7  stainless steeldme

8  compession sample in conmgssion adater

| ‘m  Load parallel surface

0.0008 E 4 Load normal surface
0.0006 |

£ 0.0004 -
0.0002 -
0.0000 -

0 20 40 60 80 100 120 140 160 180 200
applied stress o [MPa]

FIGURE 3. Lattice strain response in a transmission-compression
setup for a y-Al,0, plasma sprayed thermal barrier coating. Load
experiments have heen carried out normal and parallel to the coating
surface. The difference in the slopes is due to the anisotropy of the
sample
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These gpetimental esults can be compat to models
which calculde the DEC fom the single grstal constants [1].
These models can beversed in a ey which consides the
single cystal elastic constants as unkmopaametes [2,3]. This
way the poblem can be xpressed as a least sgesitoop in
which the single grstal elastic constantsearefinable
paametes.

Possilie gpplicaions of the method arto maerials which
cannot or can ogllunder ged difficulties be synthesexl as stif-
ciently large single cystals. Examples ar’ precipitaions in
v/v' hadened supeailoys or metastale phases as plasma
spryedy-Al,O,. v' precipitaes &ist, strictly speakingonly
within the equilibium of the tvo phase compoundvhich thee-
fore also equirs the deteninaion of their elastic constants
from the compositeThus,in these cases the methodynpaovide
the ony available tool for detemining their single grstal elastic
constants.
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