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Abstract Several attempts have been made to assess the damage induced in materials
by crystal orientation distributions identified using electron backscatter diffraction (EBSD).
In particular, the local misorientation, which is the misorientation between neighboring
measurement points, was shown to correlate well with the degree of material damage such
as plastic strain, fatigue and creep. However, the damage assessments conducted using the
local misorientations were qualitative rather than quantitative. The local misorientation can
be correlated theoretically with physical parameters such as dislocation density. However,
the error in crystal orientation measurements makes quantitative evaluation of the local
misorientation difficult. Furthermore, the local misorientation depends on distance between the
measurement points (step size). For a quantitative assessment of the local misorientation, the
error in the crystal orientation measurements must be reduced or the degree of error must
be shown quantitatively. In this study, first, the influence of the quality of measurements
(accuracy of measurements) and step size on the local misorientation was investigated using
stainless steel specimens damaged by tensile deformation or fatigue. By performing the
crystal orientation measurements with different conditions, it was shown that the quality
of measurement could be represented by the error index, which was previously proposed
by the author. Secondly, a filtering process was applied in order to improve the accuracy
of crystal orientation measurements and its effect was investigated using the error index. It
was revealed that the local misorientations obtained under different measurement conditions
could be compared quantitatively only when the error index and the step size were almost
or exactly the same. It was also shown that the filtering process could successfully reduce
the measurement error and step size dependency of the local misorientations. By applying
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the filtering process, almost identical local misorientations distributions were obtained under
different measurement conditions. Finally, for standardization of the measurement procedure
of the local misorientation, present knowledge and points to note about measurements were

summarized.
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# 1 Summary of conditions for EBSD measurement.

Number of maps for each quality of measurement
Step size . . .
d Number of Tensile strain (%) Strain amplitude in
points per map | Undamaged ° fatigue testing (%)
(pm) sample
22 | 64 | 78 | 1.0 | 0.8 | 0.6
0.3 500x500 2 2 2 2 2 2 2
0.5 500x500 2 2 2 2 2 2 2
0.6* 250%250 2 2 2 2 2 2 2
1.0* 250%250 2 2 2 2 2 2 2

d=0.3 pm and 0.5 pm

* : obtained data was reduced (d was increased) by skipping every one point.

d=0.6 pm and 1.0 pm
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72 Conditions for orientation identification in
pattern processing of EBSD.

Quality of Symbol Number of pixels Parameter settings
Measurement of CCD camera | for Hough transform
High QH 640 x 480 Fine
Medium QM 160 x 120 Medium
Low QL 106 x 80 Coarse
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1 EBSD pattern obtained by CCD camera of different number of pixels.
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3 Definition of points for calculation of extended
local misorientation for origin point p,.
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4 A schematic drawing of the smoothing filter for
crystal orientations.
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50 pm 1 Loading

axis

M, (° M, (° M,
0.0 L) 0.5 0.0 L) 0.5 0.0 L) 1.0
Q| M, B, V|| Q| M SN Q| M, B, | sN
QH | 0141° | 0.105° | 0342 | | Qu | 0243° | 01140 | 113 QL | 0.533° | 0438° | 0218

(@) &,=2.2%

(b) 5, = 7.8%

(c) &="17.8%

5 Local misorientation distribution of tensile samples (d = 0.3um).
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(a) &, = 0.6%

(b) & = 1.0%

6 Local misorientation distribution of fatigue samples (d = 0.3um).
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13 Local misorientation distribution of tensile samples.
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[X[14 Change in error index B, with M,,.~B, for
various measurement conditions.
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[X]15 Local misorientation distribution of tensile samples (applying the smoothing filter, d = 0.3um).
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