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Charts for Analysing Crystallite Distribution Function Plots for Cubic Materials
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Charts are given which provide a rapid and unambiguous way of attributing ideal orientations to regions
of crystallite orientation distribution plots for materials having cubic symmetry. C
©

¢ USE of the crystallite orientation distribution func-

pintextural studies is becoming wellestablished (Roe,
466, Bunge & Haessner, 1968; Morris & Heckler,
68; Bunge & Roberts, 1969; Kallend & Davies, 1969).
fhe crystallite distri.bution function expresses the prob-
sility of a crystallite having the orientation described
 the Euler angles y, 6 and ¢. These angles relate the
systallographic axes of the crystallite to chosen axes
n'lhe sample sheet material, e.g. normal direction,
pling direction, transverse direction (Fig. 1). Fig. 1
gves the normal mathematical convention for Euler
pgles (Mathews & Walker, 1965) as adopted by
poe (1966) and subsequently by Morris & Heckler
1968) and Kallend & Davies (1969). Bunge & Haess-
«r (1968) and Bunge & Roberts (1969) on the other
und have taken the f-rotation about the crystallo-
mphic a axis. The two conventions are related by

W Roe = /|, Bunge — 7T/2
[ Roe = (pBunge
® Roe =2, Bunge +77/2

nd the necessary conversions must be made in com-
aring the results from the different sources.
 The results of analyses of crystallite orientation distri-
wtions are normally represented graphically by plot-
ng the probabilities in Eulerian space and taking
onstant sections of one of the Euler angles, most usu-
illy constant-¢ sections.

Using these sections the textural elements can be
ansidered in terms of ideal orientations (hkl) [uvw],
shich correspond to Euler angles given by

w (h2+k2+]2)1/2

Y @FaErwyE ey Wk #0)
/

s = Cyy; 2_)1/_2

tos p= [y (h, Kk #0)

For the special case in which h=k=0 then
u
These ideal orientations are those commonly used in

Olling Studies in which (hk/)refers to a crystallographic
e lying in the plane of the sheet specimen and [uvw]

cos (y +¢) =

JAC 4 _ 5«

i
is a crystallographic direction in this plane grﬁ pa‘rallel '
to the rolling direction.
Alternatively, an ideal orientation can be found from
known Euler angles using

h=—sinfcosp k=sinfsing I=cos0

U= cosy cosfcosp—sin ysin ¢ C
v = —cos y cos 0 sin p—sin y cos p -1
w= cos y sin 0

and rationalizing the resulting indices.

In most cases this analysis is unnecessarily time-
consuming and to facilitate the analysis of crystallite
distribution plots a set of charts has been prepared for
cubic materials. These charts show all the textural
components (hk!) [uvw] for cubic materials formed by
permuting A,k,/,u,v,w through 3 to —3. The resulting
Euler angles are taken within the ranges

O<y<rn2 0<0<n/2 O0<¢p<n2

which are adequate for a complete description of
textures with cubic symmetry.
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Fig.1. Diagram illustrating the three successive rotations
through the Euler angles w, 8 and ¢ which relate the crystal
axes to the sheet reference axes. Axes a, b, ¢, coincident with
the sheet reference axes are rotated successively by y about
ctoa’, b, ¢’; by 0 about b’ to a”, b”, ¢”’; by ¢ about ¢” to
a,b,¢. a,b,¢ represent the final position of the crystal ‘axes.
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Fig.2. Constant-¢ sections through the Eulerian space (a) ¢ =0°, (b) p=20°, (c) p=25°(d) p=35°, (¢) p=45°, (f) o =55
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Fig 2. (cont.)

(&) 9=65°, (h) 9p=70°, (i) p=90°".
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Fig.3. The section §=0°.
010 20 .30 40 °50 6070 80 90
(103) (102)'(203) (i01) (302)(201) (301) ' (100)
10 4
(313) (312) (311 (310)
20- ~ L] L ] L] 3
(213) (212) (231) (210)
30F 5 - - J
(323103220 (321 5,
40+ ) L o J
. (113) (112)(223) (i11) (332)(221), (i10)
50k . ) ~(331)_ ]
(233) (232) (231) (230
601 (123) (122) (121) (1207}
| (133) (132) 131
70 S A
80r all « 7
90 , (013), (012),(023) (011) (032)(021) (031) , (010)
Fig.4. The positions of the lines representing (hkl) for all

v values.

Each ideal orientation, (hk/) [uvw], is represented by
a unique point in the region of Eulerian space con-
sidered.

Fig. 2(a) to (i) gives constant-p sections through the
Eulerian space. As can be seen from the expressions
given above, specifying (hk/) determines 6 and ¢, while
[uvw] is needed to determine w. Hence the (hk/) are
represented by lines of constant 6 in the constant-g sec-
tions and the corresponding [uvw] as points along these
lines. Each point in the charts thus represents a com-
ponent (hkl) [uvw]. It is not practical to produce con-
stant-p sections for every ¢ value and hence where the
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actual ¢ value differs by a small amount from the value
on the section this is given on the chart. In practice
this means that the point representing the appropriate
(hkl) [uvw] lies either just above or just below the given
section.

As referred to earlier, some ambiguity exists for the
ideal orientations (001)[#v0] and these appear as
points on all sections. Fig. 3 shows the =0 section
which gives the lines representing these orientations.

Fig. 4 shows the positions of (4k/) lines for all y
values. These are the lines which appear as constant-0
on the constant-p sections.

Using these sets of charts, ideal orientations can be
attributed to the high density regions of crystallite orien-
tation distribution function plots both rapidly and un-
ambiguously. This will enhance theunderstanding of the
data contained in the plots as well as permitting com-
parison with textural data obtained by more conven-
tional methods (Dillamore & Roberts, 1965).
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