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An investigation has been carried out utilizing model and experimental pole figures
made by X-ray technique in order to examine the use of the vector method as a
means of the texture analysis. The main findings are as follows:

From crystal symmetry considerations positions and magnitudes of peaks along
the angle can be predicted. There are discrepancies in these intensity peaks
and in some cases the peaks are missing altogether.
This problem was solved by the allocation of intensities such that equal
intensities are obtained at the crystallographic symmetry positions.
Even a slightly mismatched combination of the reflection and transmission pole
figures caused an increase in residual vector (R) resulting in the failure of the
analysis for the minor textural component.
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1 INTRODUCTION

The Vector method (VM), the Harmonic method (HM) and the
WlMV method are used to invert pole figure. Several investigations
have been done on the comparison of these methods (e.g. Kitagawa
et al., 1982; Pospiech et al., 1984, Matsuo et al., 1985, Esling et al.,
1987).
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The HM is the most commonly used pole figure inversion
technique. The present authors, however, have used the VM for
about 2000 pole figure inversions during research and development
of the engineering materials. In VM analysis, it is possible to invert
from only one complete (100) pole figure. However, if accuracy is
not of prime importance, it is also possible to invert from an
incomplete (110) pole figure (a’max>-- 75).

In the inversion of pole figures, the VM is very efficient during
preprocessing stage compared with that of the HM, however, the
time required for the calculation in the VM is considerably longer
than in the HM. The need for larger computers to handle the VM
has restricted its use, whereas minicomputers can be used in HM
analysis. As an illustration of this for the case of the VM, using an
iteration of 150, the time required for the calculation is about 12 hr,
1 hr and 6 min for analysis on IBM 4341, on IBM 3083 and on IBM
3090, respectively. In this work the analysis is done on IBM 3090,
the primary rate determining factor in the texture analysis by the
VM, becomes the collection of the required X-ray data. The VM is
therefore efficient in the time required to measure and analyse of
the pole figure, however, the accuracy of the VM compared with
other methods remains uncertain.
During preliminary experiments to compare the VM and the HM,

the present authors found that the intensities analyzed by the VM
and the HM are not always in good agreement. Also for the VM,
the intensities of some textures which from crystallographic sym-
metry considerations should be equal, were found to be dissimilar
within the same values (Kitagawa et al., 1982; Shimizu et al.,
1984)). In order to evaluate the characteristics of the VM and to
improve the method to make it a practical means of texture
analysis, investigations have been done utilizing both model and
experimental pole figures made by the X-ray measurements.

2 INVESTIGATION OF THE VM UTILIZING MODEL POLE
FIGURES

The model pole figures utilized are shown in Table 1. They consist
of 8 basic orientations and combinations of these basic orientations.
A and B in Table 1 means that either of them has sign in any of
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Table 1 Model (100) pole figures used for the investigation of the VM

Orienta- {001}011 {112}011 {111}112> {111}01> {133}011 {011}<001> {012}001> {134}111
Combi-x’tions A=B A A B A B A- B A A

a 0 0 o , ol
B 0 0 0 0 0

a+B 0 0 0 0 0 0 0 0
I+ o o
+ 0 0
+ 0 0
+I 0 0

+ 0 0
+ 0 0

I+V 0 0 0
+++I 0 0 0 0
I+++ 0 0 0 0 0 0 0+ + +]

10denocs orientations usl in the investigation.
$ A nd B in he Tnble im either of hem Ires negative sign in any of

direction (u w). The uM orionion relationship is sho in he eh pi.

the indices u, v, w, of the (uvw) direction and the mutual
orientation relationship is shown in the shape of etch pit.
Two examples of (100) model pole figures are shown in Figure 1.

In the preparation of the model pole figure from (hkl)[uvw], the
intensity distribution around exact (a, fl) was given a Gaussian
distribution. Here angle te denotes azimuth angle and fl denotes
rotation angle from the rolling direction (RD). A clockwise rotation
is assumed to be positive. The intensity distribution is given at each
5 degrees from both a and fl, and the spread of the intensity
distribution is about 2 degrees for the half width.
Among the eight basic orientations, orientations 2, 3, 4, and 7

have been selected and model pole figures composed of these

lAD RD

TD TD

() {02}00 (b) 1.111)<ll2>

Figure 1 Examples of (100) model pole figures.
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T2 T1
Model "Counter clockwise-- --- Clockwise
Orientations _360 180 0 180 360’

{001}<011>

011 <001>

1121<011>

112} <011>

1121<011>
113}<011>

Figure 2 Inversion results of model pole figures by the vector method. Digits in the
circle denote corresponding Box No. , indicates the position where the intensity
peak should appear. indicates that a slight discrepancy in the intensity value exists.

indicates the position where no peak intensity appears in a position where an
intensity peak is expected.

orientations have been made. The mark C) in Table 1 indicates the
specific orientations selected for this purpose. Some of the inversion
results obtained by the VM are shown in Figure 2. In the VM, the
orientation of the given texture is represented by the Box number
(Box No) and angle . The Box No is a function of W and to. The
figures in the circle denote the Box No and the intensity distribu-
tions are shown schematically as a function of in regions T1 and T2
defined in the VM. value 0 to +360 and 0 to -360 corresponds
to T1 and T2 region respectively. Here the equivalent orientation
group is shown schematically in Figure 3. It is defined as the
orientation group in which the intensity peak appears periodically at
specific intervals at values corresponding to the crystallographic
symmetry.
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Equivalent orientation group A

Equivalent orientation group B

9 180 210o 360

Rotation angle

Figure 3 Schematic illustration of the definition of the equivalent orientation group.
This is an example of the 4 fold symmetry.

As shown in Figure 2, the model orientation has its specific
intensity peak position spaced periodically at the specific angle
according to its crystallographic symmetry. For example,
{001}(011) (model No1) has four fold symmetry and its angle for
the peak value should be -315, -225, -135, -45, 45, 135,
225, 315. The mark , in Figure 2 denotes the position where the
intensity peak of the direction [uvw] should appear. (R) and (R) (R)
denote that the analyzed results are different from expected,
namely, (R) indicates a discrepancy in the intensity level and (R) (R)
indicates that no intensity peaks appear in the position where they
are expected from symmetry considerations.

In the model orientation 2, the peak height is smaller in region T
compared to region T2.

In the model orientation 3, the three intensity peaks in T are not
the same magnitude and they are different from the single intensity
peak in T2. In the T2 region, two of the expected intensity peaks are
missing completely.

In the model orientation 4, 6 and 7 the magnitudes of intensity
peaks in T1 and T2 are different. In model orientations 5, only the
expected peak at [111] is observed. From these observations, it is
concluded that the VM method is not correct in the allocation of
intensities when the model pole figures are used.

3 INVESTIGATION UTILIZING EXPERIMENTAL POLE
FIGURES

Figure 4 shows experimental pole figure utilized for the investiga-
tion on the VM. It was made from a primary recrystallized
Fe-3% Si. The typical orientations are shown with the marking of
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TD

AOO: {001}<(025, C ,: {011}227>
Bva {111}112, DW#: {114} RD225011

Figure 4 A complete (100) pole figure made from the X-ray measurement of a
primary recrystallized Fe-3% Si, polycrystalline material.

A, B, C, D. An inversion of this pole figure by the VM is shown in
Figure 5. The marking A, B, C, D are the same as in Figure 4. The
intensity distributions of A, B, C, D along the are shown in
Figure 6. Figure 6 shows the discrepancies in the analysis of the
results at equivalent orientations. The discrepancies are recognized
within T or T2, or between T1 and T2. The discrepancy is especially
large in the orientation A with 4 fold symmetry and B with 3 fold
symmetry.

Figure 7 shows the intensity of the inverse pole figure made from
the X-ray measurements plotted against that obtained by the VM
obtained by averaging the intensity within the same Box. In this
case the residual vector R is less than 10% and the pole figure
inversion inverts even the minor texture component. The (111),
(112), (001), (011) orientation in the inverse pole figure corresponds
to Box No 36, 15, 1 and 29 in the VM respectively. Good
agreement was obtained between intensities obtained directly from
X-ray measurement and the average VM intensities in the cor-
responding Box No.

4 ALLOCATION OF THE INTENSITY USING
CRYSTALLOGRAPHIC SYMMETRY CONSIDERATIONS

The main problem with the VM analysis concerns the intensity
distribution along the angle. It appears necessary to adjust the
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Figure $ VM-Inversion results from the experimental pole figure shown in Figure 4.

intensity distribution along the angle by taking into account the
periodicity of the intensity peak due to the crystal symmetry. This
can be done as follows:

(1) The periodicity of the intensity peaks depends on the crystal
symmetry of the given orientations. For a 4 fold symmetry, the
intensity peak is present at each 90 period. For 3 and 2 fold
symmetry, the intensity peak is present at each 120 and 180
period respectively. In the case of one fold symmetry, it changes
depending on the representation mode. Here the term repre-
sentation mode is the mode representing the final results analyzed
by the VM and consists of symmetrical and asymmetrical modes.
The symmetrical mode is shown by analyzing results between 0 to
180 in angle. The asymmetrical mode is shown by analyzing the
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4 fold sym.)(8 fohl sym.) 2 fold sym&l(1 .fold s.)
12

10-
A

8 (025 D
K.D22.5

12-

10

(025>

gare 6 A schematic representation of the intensity distribution around the angle
demonstrating a discrepancy in the magnitude of the intensity peak value among the
equivalent orientation groups.

7

R:

2 ,/9" Orientation Box No

o 0 :(II) 15
o :(001)

0 2 8 4 5 6

Intensity calculated by VM

Figm’e 7 The relationship between the inverse pole figures obtained directly from
the X-ray measurement and that calculated from the results by VM.
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Calculation
dure

-860 -1 ] 90 180 270 30Step Meth
Averaging
180 periicity

Symmetrization
45and 135 V

A ging of

Figure $ Schematic illustration of the calculation procedure and its representation
method, for the allocation of the intensities of the equivalent orientation groups for
the case of one fold symmetry.

results between 0 to 360 in angle. In both cases they are shown
in the TI region. Using this terminology a direct comparison with
the harmonic method can bc made (Nagashima et al., 1981).

(2) The method of the allocation of the intensities in the case of
one fold symmetry is shown in Figure 8. In this figure, the left side
column indicates the section of representation which is the same as
the HM, namely, p 45 section. The representation mode of the
next column is as explained above. Orientations chosen as one fold
symmetry are (116)-(334). The calculation procedure is as follows.

(i) Symmetrical mode
Step 1: The intensity is averaged at a periodicity of 180. I(i)=
[I(i) + I( + 180)]/2 for =0- 180, =0- -180 in the re-
gion of T and T2 respectively. Here I(i) denotes the intensity at

--" i" Then I(i ave)’" (I(i)+ I(--i)}/2 is calculated and they are
displayed in the region of T (1) for 0- 180.
Step 2: The result obtained at step 1 is processed so that the
intensity distribution between =0-90 becomes symmetric
around 45, and the intensity distribution between 90- 180
becomes symmetric around 135 in the following manner,

I(45- O) 1(45 + O) [I(45- 0) + 1(45 + 0)]/2
1(135- 0) I(135 + 0) [I(135 Oo) + 1(135 + 0)]/2

(ii) Asymmetrical mode. The average intensity of point A (
-270) and point B( 0) is assigned the intensity of point B and
continuing the same calculation by increasing the value, the new
intensity at 0 can be expressed as follows,

i(o) [i(0) + i(_270 + o)]/2
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Calculation T2 [ T. Procedure Counter lockwise^rotati^ng----Clockwise rqtation
-8 -0

Setrization2 at 4
Use data of 0 -3 90Oat 90180
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Figure 9 Schematic illustration of the calculation procedure and its representation
method for the allocation of the intensities of equivalent orientation groups
(symmetrical mode).

Here point A jumps to =-360 when point A comes to the
position where 0. By this calculation, all the intensity distribu-
tions are shown in the T region between 0 and 360. So far the
case of one fold symmetry at the p 45 section only has been
explained. The case of the co 45 section is shown in Figures 9 and
10.

(3) The whole scheme of the allocation of the intensities along the
angle is shown in Figures 9 and 10. One fold symmetry is the most

complicated case. In the case of the symmetrical mode shown in
Figure 9, the value for the center of the symmetry is slightly
different according to the orientations in the one fold symmetry at
the co 45 section.

In the case of the asymmetrical mode shown Figure 10, the
starting point A in region T2 is different according to orientation
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Figure 10 Schematic illustration of the calculation procedure and its representation
method for the allocation of intensities of the equivalent orientation groups
(asymmetrical mode).

when dealing with the to 45 section. Markings * and ** in Figure
10 denote that the positions of similar marks have equivalent
intensities. The results of the analysis by the VM taking into
account an allocation of the intensities as described above are
shown in Figure 11 and Figure 12 for symmetrical and asymmetrical
modes respectively. The pole figure utilized was the one shown in
Figure 4. A comparison of the analyzed results obtained by HM and
those obtained by the VM after the allocation of the intensities is
shown in Figure 13. The section of 45 in the HM corresponds
to the shaded parts of the results obtained by VM (Nagashima et
al., 1981). Good agreement is obtained.

5 THE RELATIONSHIP BETWEEN THE RESIDUAL VECTOR
R AND THE CONSISTENCY OF THE INTENSITIES IN THE
INPUT POLE FIGURE DATA

It is known that the number of iterations IN used in the VM is
closely associated with the values of residual vector R and Y max
(e.g. Shimizu et al., 1984).
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ZETA1 3 6 101521283635 34 32 31309 22 1611 7 4 2
175

Figttre 11 Inversion results of pole figure by VM using an allocation of intensities of
equivalent orientation groups (symmetrical mode).

ZETA! 8 6 10 15 21 3534 38 32 3130 29 1611 7 2355,,,

9.70

3 6103116117 4 2

A

180
ZETA

175

90

Figare 12 Inversion results of pole figure by the VM using an allocation of
intensities of equivalent orientation groups (asymmetrical mode).
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figure 13 Comparison of the inversion results by VM and HM.

In general, R decreases and Y max increases with increasing IN,
and when R is less than 10%, Y max becomes nearly 100%. In this
situation, the minor texture components are detected and the
analyzed results by the VM become useful for the engineering
purpose. In some cases this R value doesn’t decrease in spite of the
increase in IN. This is sometimes associated with the combination of
the reflection and transmission pole figure in order to make the
complete pole figure. It is known that a given single orientation
gives 3 points (c, fl) in the (100) pole figure and if their intensities
are not consistent, the R value doesn’t decrease in spite of the
increase of IN
An example is shown in Figure 14, where the pole intensity

distribution is shown as a function of angle fl for each angle c
instead of the pole figure more usually presented. The main texture
component is (110)[001] and it contains cube texture as a minor
component. In the as measured condition (as in ’Before correc-
tion’), the intensity of the cube component at c=0 is slightly
stronger compared to the component at c=90. The intensity
distribution for c 0- 25 is taken only from the reflection pole
figure measurement and c=75-90 is taken only from the
transmission pole figure measurement. The corrected value (’After
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After
correction

Before
correction

0 o0ooo 0o o/oooo’o oo’o0o
Figure 14 Intensity distribution obtained by reflection and transmission x-ray
measurements, tr 0 -25 range was determined from the reflection x-ray meas-
urements in this case. ’Before correction’ denotes the results from the reflection x-ray
measurement without any correction and ’After correction’ denotes that the
intensities were slightly reduced to be consistent with the intensities obtained by the
transmission x-ray measurement.

correction’) for a 0- 25 is shown in the left hand side of the
original results. The corrected intensities are slightly reduced. A
new pole figure was made utilizing this value and the original value
for c 30- 90. Y max and R values are shown in Figure 15 as a
function of I using the original and the corrected pole figures. It
can be seen from Figure 15 that even the very small discrepancy in
the intensity, which is very difficult to recognize from the pole
figure, gives a very large effect when analyzed by the Vector
method. It is therefore most important to have a consistent
complete pole figure if the vector method is to be applied to the
analysis of the data (Schaeben, 1984).

6 CONCLUSIONS

The main problem with the Vector method concerns the
intensity distribution along the angle.
Using modified peak intensity allocations, determined by
crystal symmetry considerations, improved inversion results
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Figure 15 The relationship between the number of iterations and the values of R
and Y max for the two different pole figure inputs shown in Figure 14.

have been obtained using the Vector method analysis. The
modified technique has been successfully used as a means of
texture analysis of silicon irons and in the research and
development of other engineering materials.
Good agreement has been obtained, using the improved VM
and the HM, in the analysis of experimental pole figures of
polycrystalline specimens.
The inversion of the pole figure by the VM is however very
sensitive to the consistency of the pole figure. Very well
prepared pole figures with a residual vector R less than 10%
are required if the minor textured components are to be
determined correctly by a vector method inversion.
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