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ANALYSIS OF THE ORIENTATION DIFFERENCE DISTRIBUTION FUNCTION IN

THE TWO-PHASE MATERIAL USING MODEL FUNCTIONS

ANALIZA FUNKCJI ROZKEADU ROZNIC ORIENTACJI W MATERIALE DWUFAZOWYM PRZY

POMOCY FUNKCJI MODELOWYCH

Model representation of the texture in two-phase material was concerned in the pa-
per. The orientation distribution function (ODF) can be interpreted as the superposition of
Gauss-type distributions in the surroundings of preferred orientations. These model func-
tions describe the main texture components with their parameters: volume fractions and
scattering widths.

There exists a mathematical relation between the ODF and the orientation difference
distribution function (ODDF). The ODDF can be analysed by relating its components and
their parameters to the ODF component parameters. Such analysis of the ODDF demon-
strates its statistical features, provided the ODF characteristics are known. Relations between
ODF and the ODDF component parameters was determined and discussed in this work.

Keywords: texture, two-phase material, model orientation difference distribution func-
tion.

W pracy rozwazano modelowe przedstawienie tekstury w materiale dwufazowym.
Funkcja rozkiadu orientacji (FRO) moze byé przedstawiona w postaci superpozycji rozkta-
d6éw typu Gaussa wok6l wyréznionych orientacji. Takie modelowe funkcje opisujg gtéwne
skiadowe tekstury przy pomocy parametréw, ktérymi sa udzialy objetosciowe i szerokoSci
rozmycia woké6t wyréznionych orientacji.

Pomigdzy FRO i funkcjg rozkiadu réznic orientacji (FRRO) istnieje matematyczna
zaleznos¢. Na jej podstawie mozna analizowaé zwiazek pomigdzy sktadowymi FRRO oraz
FRO. Taka analiza - przy zalozeniu, ze znana jest FRO - pozwala poznaé wlasciwosci FRRO.
W pracy okrelono i przeanalizowano zwigzek pomiedzy parametrami FRO i FRRO.
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1. Transformation of Orientation Distribution Function components into
Orientation Difference Distribution Function

The orientation difference distribution function (ODDF) depends only on texture
of material. The ODDF can be considered as a reference distribution function when
grain boundaries have been characterized, in particular the crystallographic relations
between grains. It concerns the all possible orientation relationships between grains in
the material ( ODDF is called the “uncorrelated” misorientation distribution [1, 2] ) not
only the relationships between neighbouring grains ( the “correlated” misorientation
distribution ).

The ODDF analysis using its model representation is helpful for the better un-
derstanding the relationships between the orientation and the orientation difference
distributions.

The orientation distribution function (ODF) in two-phase material — £ (g) con-
sisting of @ and B phases may be presented as the following sum:

@@= @+~ e, (1)

with the conditions

$rr@=1. $r@=v $r@=v.

Ve vh =1,

where V@, VB represent the volume fractions of @ and B phases.
The orientation difference distribution function (ODDF) — f*#(Ag) corresponding
with f®A(g) is described by the following relation:

Fo9 = P @+ ) Qe+ 1 (829)] ds = @
= F* (Ag) + FP (Ag) + F (Ag) + FF* (Ag),
Fee 9 = § 12 @ 1 Bep)ds
P (89) = 17 @)1 (Bgs)de
F a9 = $ 7@ Bgads

% (Ag) = 95 5 (9) * (Agg) dg
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Let us assume that the functions f* and f# can be expressed as a superposition of
Gaussian type distributions with the parameters [g:' V208 i=1,1 } for phase a and
{&, V2,0 j = 1,7} for phase B, where V* + Vi=1

I I
F@=) 1@y ve=v" (32)
i=1 i=1
J J
FP@=)1er) Vi=Vv. (3b)
j=1 j=1

The components g; and g; defined by Gaussian type distributions have the

parameters V7, @7, Vf : CIYj representing volume fractions, and scattering widths around
the positions g; and g;.
Such model distribution around position g; may be represented by the equation

[3]:

fi(8) = Hyexp(-0?/[@}), @

where

Hy = Vi2 V(@ [1 - exp (02/4)])

®=lg-g|.
To carry out an analysis of the relationship between ODF and ODDF let us rep-
resent them as expansions into a series of generalised spherical functions ( ™))

B3]

OED Wi vl & 5)
Lmn

FAg)= D) CP™T™ (Ag). ©)
Lmy,my

The coefficient of a series expansion of ODDF- C/"™ and the coefficients of
ODF - C™ are connected by the relation [1]:

I
1
mymy __ MmN ~*mon
CP™ = s DL Crne™, €
n=-|
For the function F**, FP#, F°# and FP* we obtain respectively:

1 i
"ty m; - mn *myn
C,'"(aa) = Tl EIC,‘ @ C™ (@) (8a)

n=—
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B = oy Z crBC™ ) (8b)
C"™ (Be) = 2l | Z (B C™" (@) (80)
Cl™ (@p) = 21+1 Z CP™ () ™" (B). 8d)

n=—1
If the orientation distribution around the position g, is described by the relation
(4), then we can consider approximately [4]:

2
C’""~(2l+1)Zexp 1@+ 1)+ ]VT,*'""(g,) )

i=1

Basing on the relation (8) and taking into consideration (9) we obtain the following
expressions defining the coefficients of the series expansions of the functions F**, F##,
FB and FFe:

=l + 1)—-—-———-—-((1) ) (d)“)

C/'"™ (aa) = (21 +1) Z VIVy exp T (Ag" ) (10a)

4

cmm (BB) = (21 + 1)'21“ VAVE exp -—l(l+ 1)%—’2— 7™ (AgS,)  (10b)
W ]

CM™ (Ba) = (21 + 1) IZJ: VeV exp -—l(l + 1)(—%4-@;-)—1 T*mm (AgeF)  (10c)
iJj L ]

cmm (aﬂ)—(2l+1)ZVﬂV"exp l(l+1)@—)‘-’i)4—(l ™™ (M), (10d)
N

s =gt ()" ady = (&) ady = () Ae = 81 ()"

Hence, if the ODF components are described by f* {g‘:’ JVEO8i=1,1 }

and f* {gf ,Vf ,(De yj=1J }, then the ODDF components have the following parame-
ters:

i JJI’

8 e\ (@) + (@) ade v (@) + (@1)5i= 117 =17},

Agr vivs, (d)“)2+(<l>°f)2,A ﬂv;ﬂ oo (d>f)2+( ,)211 =1,1jj7=1J}
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2. Exemplary ODDF models

Example 1
Let us consider the simplest case for two components belonging to different phases

g, & (Fig. 1):

gl gr

O+——»®

Fig. 1. Scheme of the possible relations between two texture components: one in phase a and one in
phase 8

Let us assume that:
g1 =1{107.5,35.5,111.5},V* = 0.7, * = 10°,
g ={107,26.5,42},V# = 0.3,0F = 5°,

where g = {1, D, 02}, ¢1, P, 92 — Euler angles.
The corresponding differences of orientations may be defined with reference to the

coordinates of the rotation axis (#,y) and the angle of rotation w about this axis

AgY = (w,8,¥)
Ag?® ={22,243,599) VF=021; ¢=11.18°
Adly =1{22,243,30.1) VA2 =021, ¢=11.18°

Agiy =10,0,0} Vee =049, ¢=14.14°
Agll =10.0,0) VA =0.09;, ¢=7.07.
 =22°

| o—
G\_

Y =45

T A

Fig. 2. Model ODDF
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Fig. 3. ODDF profiles

The cross section (w = 22°)of the model ODDF is shown in Fig.2 and the ODDF
intensity profiles in Fig.3:

Example 2
Let us now consider the case where the phases a and S consist of two components
(Fig. 4):

af
1l

Agl?

g 82

Fig. 4. Scheme of the possible relations between four texture components: two in phase a and two in
phase S

g% = (107.5,35.5,111.5), V& =04, @¢=10°
g5 =(55,14,0), VE=02, ®3=8°
& =(107,26.5,42), Vi=02, of=5°
& = (62,42,12), VE=02, ®=8
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then the corresponding orientation differences are, as follows:

Agyy =(22,24.3,599)V]7 =021,9=11.18" Agir={34.7,34.1, 783}ViF =0.12, p=12.8°
ALT=122,24.3,30.1}VF* =0.21,¢=11.18° Ag5¥={34.7,34.1,11. 7}V =0.12,$=12.8°
A ={52.3,34.2,404VF =0.08,¢=12.8° Ag% =(36,53.3,47.9}V/ =0.06,$=9.43°
A ={(52.3,34,2,49.6)V5 =0.08,$=12.8° A ={36,53.3,42.1}VE = 0.06,$=9.43°

AgF ={20.9,9.6,66) V¥ =0.09,$=9.43°  Agiy={0,0,0} Vi =0.16;¢=14.14°
ALZ=(209,9.6,24) VP¥ =0.09,$=9.43°  Agl={0,0,0} V{7 =0.09;¢=7.07°
Ag¥ ={335,325,88.8) VF=0.6,0=943° A8y ={0,0,0}V3;'=0.09;4=11.31°

AL =(335,325,12) VE°=06,$=943° Agh; ={0,0,0}V7=0.04;¢=11.31°

The scheme of the ODDF in this case is shown in Fig.5 and the corresponding ODDF
intensity profiles in Fig.6.

Ag;': ©=335)
o0
Agy @=34.7)
9 —»
v

/— Ag21 ((D = 523)

Agly ©=209) 1
/——— Ag¥® (©=36)
? =22) @/ wia ¢5°

Agl:(m=zz) j?@@?\@\\; Ag (@=36)

Ags (©=209) <

Aglf @=523)

Aghy' (@ =34.7)
Ag (@=33.5)

Fig. 5. Model ODDF
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Fig. 6. ODDF profiles
3. Discussion and conclusions

Let us consider the case where ODF* is composed of K components in the posi-

tions {g; k = 1, K}, the volume fractions V; and the scattering widths ®;, while ODF?
is composed of L components in the locations {g;;! = 1, L}, the volume fractions V,
and the scattering widths @;.

Analysis of equations (10) leads to the following conclusions as far as the ODDF

is concerned:

K components of ODF® and L components of ODF® generate 1+(K + L) (K + L — 1)
components of ODDF.
In the position Ag = e the maxima generated by each of the components of ODF*

2 2

and ODF® are superimposed with fractions (V,‘c’) X (V‘IB ) and scattering widths
ﬁ¢k, ﬁ¢l.

In the positions Agy =g, - g,:,l (k,k=1,K;k # k') and Agyp =g1g,‘,1 LU=1,L;1#0)
the ODDF has local maxima generated by the components belonging to the same
phase. There are K (K—1) + L(L—1) of such maxima, where the volume fractions
are equal to V;Vy, V,V, and the scattering widths are ‘/d)% + @2, ‘/<I>,2 + @7
For the components belonging to different phases there are (2 - K - L) local maxima,

where the fractions are V;V; and the scattering widths are equal to ,dﬁ + @2,
The presented analysis of ODF and ODDF models allows to conclude that the

structure of the ODDF is more complex than that of ODF, which generates it.

The scatters around local ODDF maxima are bigger than the scatters around ODF

maxima ((Dkd)k, < ,/(Df + @2 and &P, < ,/dﬁ + <I>12) and the corresponding volume

fractions are smaller: (V2)’, (VE)’, ViV,
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