Spring 2008 27-750; Advanced Characterization and Microstructural Analysis

A. D. Rollett & P. Kalu

Homework 6. Due Mar. 26" 2008.

1. [10 points] Read the paper by Barton et al. entitled “Pole figure inversion using finite
elements in Rodrigues space”. Answer the following questions. (Taken fromLin®
answer.)

a. What is the main point or objective of the paper?

The objective of this paper is to present a methodology using finite elements over Rodrigues
space for inversion of pole figures using a different combination of basic functions quantifying
the ODF than has been reported previously and to demonstrate some of the advantages of this
combination.

b. Why did they use Rodrigues space?

Rodrigues space possess following convenient properties: the straight-line integration paths for
pole projections, easy determination of the asymmetric domain, well-behaved metric throughout
the asymmetric domain and straightforward enforcement of crystal symmetries.

c. What is the connection between this work and the “harmonic” and “WIMV” options in

popLA?
A basic comparison among the three methods:
“Harmonic” Method “WIMV” Method The method in this work
Orientation .
o Euler angles Euler angles Rodrigues vectors
Parameterization
Piecewise . . .
. . ; : Piecewise interpolation
Global interpolation interpolation .
. . functions;
functions; functions; The ODF is continuous
Interpolation The ODF is The ODF is constant over the orientation space
Of the ODF continuous and has within the bin but P
. but possesses
continuous possesses . . .
. . . discontinuous derivatives
derivatives. discontinuous at the .
.. at the element interfaces.
bin interfaces.

d. What does figure 2 show us?

The figure 2 shows the paths of integrals through the fundamental region for locations y
distributed on a 45° grid over the upper hemisphere (13 non-redundant pole figure locations) for
{123} diffraction.

e. What do they mean by “MUD”?

MUD stands for multiples of a uniform distribution. It defines the probability of the orientation
occurring divided by the probability of its occurring in a sample with no texture (all orientations
present to uniform extent).

f. What texture component corresponds to the intensity in the center of Fig. 13b?

The (near-) cube texture component.

2. [15 points] The objective of this questionis to showyou howto perform calculations
of volume fraction given an Orientation Distribution (andvice versa in Q3).

A discrete OD is defined on a grid that has cells at every 10° in (Bunge) Euler angles in
cubic-orthorhombic symmetry with a range of 0-90° in each angle. The cells are centered
on their coordinates, as discussed in the slides and as used in popLA, so be careful of
how to treat the cells at 90° and at 0° because the volume associated with cells at the
edges is different. The intensities are in multiples of a random intensity.




(0,,9,0,) Intensity

( 0, 10, 0) 540.
(30, 60, 20) 9.05
(40, 70, 30) 8.3

a) Calculate the number of cells [9 x 9 x 9=729. But be careful here, the cells are split at edges
at 5 degree increments. Therefore, they are just half cells. ].

b) Calculate the total volume of the space (units of degrees®) [/ =8100].

c) Calculate the volumes associated with each cell (units of degrees®)

This is given by d/ =10°xAcos(®)x10°, except for the first one which is divided twice by two
because both phi-1 and phi-2 are equal to zero, i.e. they are at the edge of the space =
[0.756721795, 15.1, 16.4, respectively].

d) Calculate the volume fractions associated with each cell

This is given by dV =1f(g) x d/ /! =1[0.050,0.017,0.017, respectively].

e) Compare the ratios of the intensities to the ratios of the volume fractions — what do
you notice? [The ratio of intensities is about 60:1:1 whereas the ratio of the volume fractions is
3:1:1.]

Note: other cells in the OD must have non-zero intensity because the three volume
fractions calculated do not add up to one. You might want to amuse yourself by
calculating how large the intensities would have to be in order for these 3 cells to account
for all the volume.

The answer is f(g) = [6421.0, 107.6, 98.7]

3. [15points] Theobjective of this questionis to showyou howto perform calculations
the Orientation Distribution given values of volume fractions(andvice versa in Q2).
Sone of the values are given so that you can check your work. It isimportant, therefore
to showyour working. (Taken fromLin Hu® answers.)

You have performed an analysis of electron diffraction patterns in the transmission
electron microscope from a polycrystalline specimen. The orientations and areas that you
indexed are as follows. Later on in the course we will see from a study of stereologythat
area fractions are equal to volume fractions.

(0,,D.0,) Area of grain
(31, 1) 3.2

(31, 3)
(28, 2)
(33, 0)
(10, 31, 38)
( 8, 29, 42)
(14, 27, 41)
(12, 31, 43)
( 1, 81, 50)
( 3, 78, 48)
(71, 46, 11)
(68, 53, 13)
(70, 51, 8)
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Using the same 10°x10°x10° grid as above, bin the areas (remember that we use cell-

centered coordinates) what are the intensities in the corresponding OD cells? Also list
the angles of the cells that contain the points.
For example, some of the points fall into the cell for {70°, 50° , 10° }, for which the

intensity is 142 (MRD).

| (30,0,0) Cell | (31,3,1)
(31,4,3)
(28,0,2)
(33,3,0)

| (10,30,40) Cell | (10,31,38)
(8,29,42)
(14,27,41)
(12,31,43)

| (0,80,50) Cell | (1,81,50)
(3,78,48)

| (70,50,10) Cell | (71,46,11)
(68,53,13)
(70,51,8)

3.2 Volume fraction Volume
1.4

2.8

7.1

14.5 0.27 0.19

3.3

5.2

1.6

10.3

20.4 0.38 8.72

3.8

2.4

6.2 0.12 8.58

5.6

1.5

5.5

12.6 0.23 13.35

Intensity (MRD)

11507

353

109

142

Note that these are very large (intensity) numbers, which would give very strange looking (noisy)
OD plots because of the small number of observations.

4. [40 points] The objective of this question is to have you practice calculation of
misorientationsandto partition orientation space (Euler angles) into the varioustexture
componants (for volume fraction determination).

On a 5°x5°x5° (cell-centered coordinates) grid, calculate which cells belong to (1) the
cube component, (2) the brass component, (3) the copper component, and (4) the S
component ({123}<63-4>). Use misorientation (the smallest available rotation distance)

to determine orientation distance between each cell and each of the four texture

components specified; include sample symmetry. Perform the calculation only for the
",=0° and ",=45° sections so as to minimize the work (such that ", and # take the values
{0,5,10,15...90}). Use an acceptance angle of 15°. You may show your results in
whatever form is most convenient, but it should be similar to what was shown in the
slides in the lecture on volume fractions, i.e. a tableau of numbers, one for each cell,
where the number indicates which component that cell belongs to, with zero indicating
that the cell is further than 15° from any of the components. Write out the tableau in the

same way as in popLA, with phi-1 increasing from O to 90 in each row, and Phi

increasing from O (top) to 90 (bottom) in each column (you can write out the component
numbers without needing to write out the angles themselves). See slide 23 in the lecture
on volume fractions for an example. You must also submit the pseudo-code that shows



your algorithm, and a copy of the program that shows how you calculated the

misorientation (or Excel spreadsheet).

Pseudo-code:

0 and 45.

Loop over phi-2

from 0 to 90.

Loop over each value of phi-1,

from 0 to 90.

Loop over each value of Phi,

Loop over each of 4 components.

Calculate and save misorientation between the cell values

and the component.
If all misorientation values > 15°,

assign zero;

assign the component number with lowest value.

With phi-1 and Phi loops complete, write out/print out tableau

Repeat for both phi-2 values.

else,

Copper-3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

List of Symmetry Operators for the 432 Point Group in Matrix Form:
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[Note that the hard cover version of the Kocks book has two errors (1* column, 3" matrix
down should have -1 in the 33 position; last column, 3™ matrix from the bottom, should
have a +1 in the O,, position (instead of the -1 shown). The soft cover version has three
errors in Table II: the same two noted and an additional error in the very last matrix, last
column, at the bottom. ]

(Copied from subroutine by D. Raabe)
Matrix number 1

[ 1. 0. 0.]
[ 0. 1. 0.]
[ 0. 0. 1.]
Matrix number 2
[ 1. 0. 0.]
[ 0. 0. -1.]
[ 0. 1. 0.]
Matrix number 3
[ 1. 0. 0.]
[ 0. -1. 0.]
[ 0. 0. -1.]
Matrix number 4
[ 1. 0. 0.]
[ 0. 0. 1.]
[ 0. -1. 0.]
Matrix number 5
[ 0. 0. -1.]
[ 0. 1. 0.]
[ 1. 0. 0.]
Matrix number 6
[ 0. 0. 1.]
[ 0. 1. 0.]
[ -1. 0. 0.]
Matrix number 7
[ -1. 0. 0.]
[ 0. 1. 0.]
[ 0. 0. -1.]
Matrix number 8
[ -1. 0. 0.]
[ 0. -1. 0.]
[ 0. 0. 1.]

Matrix number 9



Matrix
0.

0.

-1.

Matrix
0.

-1.

0.

Matrix
0.
0.
1.

Matrix
0.
1.
0.

Matrix
0.

0.

-1.

Matrix
0.

-1.

0.

Matrix
0.
0.
1.

Matrix
0.
1.
0.

1. O.
0. 0.
0. 1.
number
-1. 0.
0. 0.
0. 1.
number
-1. 0.
0. 1.
0. 0.
number
0. 1.
0. 0.
-1. 0.
number
-1. 0.
0. -1.
0. O.
number
0. -1.
0. O.
-1. 0.
number
1. O.
0. -1.
0. 0.
number
0. -1.
0. 0.
1. O.
number
1. O.
0. 1.
0. 0.
number
0. 1
0. 0.
1. O

. .
—_
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Matrix number 19
[ 0. 1. 0.]
[ 1. 0. 0.]
[ 0. 0. -1.]

Matrix number 20
[ -1. 0. 0.]
[ 0. 0. 1.]
[ 0. 1. 0.]
Matrix number 21
[ 0. 0. 1.]
[ 0. -1. 0.]
[ 1. 0. 0.]

Matrix number 22
[ -1. 0. 0.]
[ 0. 0. -1.]
[ 0. -1. 0.]

Matrix number 23
[ 0. 0. -1.]
[ 0. -1. 0.]
[ -1. 0. 0.]

Matrix number 24
[ 0. -1. 0.]
[ -1. 0. 0.]
[ 0. 0. -1.]

quat.symm.cubic file with 24 proper rotations in
quaternion form
24

0 0 0 1

1 0 0 0

0 1 0 0

0 0 1 0

0.707107 0 0 0.707107

0 0.707107 0 0.707107
0 0 0.707107 0.707107
-0.707107 0 0 0.707107
0 -0.707107 0 0.707107
0 0 -0.707107 0.707107
0.707107 0.707107 0 0
-0.707107 0.707107 0 0



0
0

0.707107
0.707107

0.707107
-0.707107

0
0

0
0

0.707107
0.707107

0.5
0.5
0.5
0.5

0
0

0.5

0.707107
-0.707107

0.5

0.5
-0.5 -0.5 -0.5

0.5

0.5 -0.5

-0.5

0.5 -0.5

0.5 0.5
0.5 -0.5 -0.5 0.5

0.5

-0.5

0.5
0.5

0.5

0.5 -0.5

-0.5 -0.5

0.5



