
Part II: 
Chapter 5. Evaluation and representation 
of macrotexture data

Texture and Anisotroy



Normalization and contouring of pole figures

The standard unit of orientation intensity is in m.r.d., i.e., the intensity 
of a random standard sample = 1. 
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Contouring of pole figures







Contouring of pole figures



Inverse pole figures

for the extrusion axis of titanium



Definition of orientation distribution function

• Literature: mathematical function is always 
available to describe the (continuous) 
orientation density; known as “orientation 
distribution function.” 

• From probability theory, however, remember 
that, strictly speaking, distribution function 
is reserved for the cumulative frequency 
curve (only used for volume fractions in this 
context). 



Orientation distribution function (ODF)
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dV is the volume of crystallites that 
have the orientation g within the 
element of orientation dg, and V is 
the total sample volume.
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Fundamental equation of ODF computation
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Relation of PFs to OD

• A pole figure is a 
projection of the 
information in the 
orientation 
distribution. 

• Equivalently, can 
integrate along a line 
in the OD to obtain 
the intensity in a PF.
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How to determine f

The computational methods for OD analysis: 
(a) Series expansion method 
(b) Direct method 



Series expansion method
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Definitions of parameters

The        coefficients can be determined up to l=L if the 
coefficients           are known for 2L+1 pole figures. 

h: the number different pole figures 

m: the different crystal symmetry 
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Solution of series expansion method
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Truncation error
The truncation error is to truncate the series expansion of pole 
figure and ODF expansion. This is controlled by the index l. 

This truncation error leads to broadening of the texture 
components as well as to minor artifact intensities in the vicinity 
of the strong texture components. 

The truncation error is determined by the maximum value of lmax. 

The higher the degree lmax of the expansion the sharper the 
function.



Truncation error



Ghost error
Ghost error is that intensities in the ODF may be missing (negative 
ghosts), or wrong intensities may appear (positive ghost). 

These ghost errors are caused by the lack of the odd-order series 
expansion coefficients        .  
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The even-order C coefficients can be derived from diffraction pole 
figures.

The odd-order C coefficients cannot .



Example of ghost error



Ghost error



Direct method
Direct methods is to derive the ODF values f(g) directly from the 
pole figure data.
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Direct method (WIMV)



Comparison of series expansion and direct 
methods

Series expansion method:  
 - a fast, reliable method 
 - determine texture-related properties – elastic modulus, 
    elastic and plastic anisotropy  

Direct method: 
 - no truncation error 
 - no ghost error 
 - for low-symmetry materials



Definition of Euler space
Euler space is 3D orientation space 
and its axes is composed of three 
Euler angle in an orthogonal 
coordinate system. 

Definitions of Euler angles: 

-Bunge 

-Roe 

-Kocks

),,( 21 ϕϕ Φ

),,( ΦΘψ

),,( φΘΨ



Distortions in Euler space

The resulting spheres in the Euler 
space are far from being isotropic and 
show strong distortions for small 
angle.



Representation of Cartesian Euler space

ODFs of fcc:              sections 

ODFs of bcc:             sections  

ODFs of hex:             sections

2ϕ

1ϕ
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Intensity distribution of Euler space sections



Representation of Cylindrical Euler space

COD SOD



Example of COD: rolling texture



Example of COD: shear texture 



Rolling texture of pure Cu: PF

3 main texture components: 
- Cu: {112}<111> 
- S:   {123}<634> 
- Bs: {011}<211>



Rolling texture of pure Cu: ODF

3 main texture components: 
- Cu: {112}<111> 
- S:   {123}<634> 
- Bs: {011}<211>



Orientation tube of pure Cu

α- fibre: {011}//RD 
 Goss-Bs 
β–fibre: Bs-S-Cu 

At low deformation: 
      α-fibre 
At high deformation: 
      β-fibre



Typical fibers in fcc metals and alloys



Rolling texture of brass (Cu-37%Zn)

1 main texture components: 
-Bs: {011}<211> 

Alloying changes the materials’ 
stacking fault energy (SFE). 

Typical SFE: 
Al, Ni: >200 mJ/m2 

Cu, Au: 50-60 mJ/m2 

Alloys: 20 mJ/m2



Rolling texture of brass: ODF

1 main texture components: 
-Bs: {011}<211>



Skeleton line of brass
BsSCu



Effect of second phase particles (Al-1.8% Cu)

BsSCu



Effect of texture changing

1. Stacking faulting energy 

2. Second phase particles 

3. Initial texture 

4. Deformation modes 



Effect of initial texture



Effect of deformation modes



Effect of deformation modes



Rolling texture of Ti-Nb IF steel



ODF section for bcc IF steel (cold rolled) 



Orientation intensity of low C steel



Texture evolution of Fe-17%Cr steel

α-fiber{001}<110>



Effect of c/a on hex texture

The rolling texture is influenced by the c/a ratio and the slip systems.

Mg: ideal c/a Zinc: high c/a Ti: low c/a

Basal plane Basal plane Basal plane + twin

20-30°

30-40°



HCP texture 



Hot-rolling texture of Mg alloy AZ31



Rolling texture of Ti sheet 

50% 90%



Rolling texture of 80% cold-rolled ZnCuTi 
alloy



RX texture of cold-rolled fcc metals



RX texture of cold-rolled Cu alloys

Cu-37%ZnCu-8%Mn



RX texture of fcc metals and alloys



Cube-RX texture of hot-rolled aluminum 
AA3104



RX texture of cold-rolled aluminum alloys



RX texture of Ti-alloyed IF steel



RX texture of ferritic stainless steel Fe-17%Cr



RX texture of cold-rolled Ta



RX texture at section 45 for IF steel

The recrystallization texture is similar to the rolling texture, but much 
of α-fibre is eliminated on recrystallization, especially in the range of 
(001)[1-10] to (112)[1-10]. The  γ-fibre is unchanged.

α-fibre

γ-fibre

Recrystallization texture Rolling texture



RX texture of Zr


