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Motivation

• NIST Center for Neutron Research’s (NCNR) BT8 Stress and Texture 
Diffractometer Upgrade

• x30 increase in performance and data production
• Requires increased processing capability and quasi-real-time processing of 

experimental data
• Texture Analysis

• Prerequisite for optimal stress measurement strategy
• Allows for prediction of elastic and plastic properties of materials
• Important to material manufacturing
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The NCNR is currently upgrading their BT8 stress and Texture diffractometer with a x30 increase in its performance and data production. 

*This increase requires enhanced processing capability and quasi-real-time processing of experimental data. 

* for the prediction of elastic and plastic properties of materials



What is Texture?

• Crystallographic texture is the 
preferred orientation of grains 
or crystallites in polycrystalline 
materials

• Result of thermo-mechanical 
processing and its interaction 
with the crystal structure of the 
constituent grains

• Allows for the identification of 
the material’s anisotropic 
properties

• Represented qualitatively by 
pole figures
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Crystallographic texture is any bias in the crystal orientations with respect to a reference frame in polycrystalline materials. 

Texture is the result of thermo-mechanical processing and its interaction with the crystal structure of the constituent grains, 

*and allows for the identification of the material’s anisotropic properties. 
* We can show texture qualitatively by the use of pole figures.





Pole Figure Measurement with Neutrons

T. Gnäupel-Herold, et. al., Neutron Measurements of Stresses in a Test Artifact Produced by Laser-Based Additive Manufacturing 4

Eulerian Cradle

Presenter
Presentation Notes
This is the experimental rig used to collect texture data at the neutron beam line and its called an Eulerian Cradle.

which is another definition of the Euler angles.

 And a closer look * shows the incident neutron beam hitting the sample and being reflected to the detector.

 The intensities of the reflected neutron beam at various angles is then read by the detector.

 So to analysis a PF at a certain miller index, the 2theta will be set and then it will rotate in psi and phi. The reflected beam intensities can then be used to produce a PF for that specific 2theta value. 

2theta can then change to gather data for a new PF. 



• Graphical representation of texture 
with respect to a sample frame of 
reference

• Data collection methods
• X-ray diffraction
• Electron Backscatter Diffraction
• Neutron Diffraction

• Of all measurements methods, 
neutron diffraction samples the 
largest number of grains (106-108

grains)

Pole Figures

Stereographic Projection
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Pole figures are a graphical representation of texture with respect to a sample frame of reference. 

and * neutron diffraction which allows for the collection of 10^6 to 10^8 grains which is more than the other two methods can collect at one time.

 Now, most anisotropic material properties depend on the complete orientation from all three Euler angles, not just a 2D graphical representation, and thus texture needs to be shown in 3-dimensions, which is when an ODF becomes benefial. 



Orientation Distribution
• Density of grains in particular 

orientation
• Three-dimensional statistical 

description of the texture, f(g)
• g={ɸ1,Φ, ɸ2}

• Requires two or more pole figures
• Generalized spherical harmonics

www.ebsd.com

6

Presenter
Presentation Notes
OD is just the density of grains in a certain orientation. 
But this wont work since this method only shows a limited number of grains, thus it is not useful for a comprehensive model. 

Therefore, we need a 3D statistical description of the texture

So a PF is a projection of the ODF, and if you want to go from a PF to an ODF, 

Now, we will use the series expansion method for fitting coefficients of the generalized spherical harmonics to pole figure data. These harmonics and coefficients then describe a mathematical function that represents a pole figure at any index and thus represents texture  3-dimensionally. 

This method was discovered since a PF can be represented as such, where this 3D shape is the same as the projection here, and the intensities is just the radius out of the shape, so these are the intensities here, and the dip here is the center here. So this gave rise to the idea that several * PFs can be placed into a function by the use of these spherical harmonics.



Sections Though OD Space
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Remember that a ODF is a 3D representation of texture, which can be represented by this unit cell here. 

If we cut sections through it, we can plot it to the graphs here. 

* So when phi2 equals zero, the OD looks like this. 

* Now it is common to move in units of 5 degrees, so we can continue to cut the 3D texture representation into sections * *. We can then use this to predict the PF for any orientation without running any expensive experiments.



Iron (211) fibers in Euler space –
one point in a pole figure is the 
integral over the ODF intensities 
along a fiber in Euler space, with 
the intensity at each coordinate 
(φ1,Φ, φ2) representing the 
probability (in units of random 
density) of a particular grain 
orientation

𝑃𝑃ℎ𝑘𝑘𝑘𝑘 𝛼𝛼,𝛽𝛽 =
1
2𝜋𝜋

�𝑓𝑓 𝑔𝑔 𝑑𝑑𝜙𝜙1𝑑𝑑Φ𝑑𝑑𝜙𝜙2
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This is Iron 211 fibers in Euler space. 

Now if we did a path integral, 

So that’s why having a function describing texture is useful, since we can integrate it to produce numerous PF predictions. 



• Pre-existing code
• Library of 

Coefficients 
• Programs & 

Subroutines

Fortran IV

• Modernization
• Validity Check
• Optimization

Fortran 95
• Graphical User 

Interface (GUI)
• Integration into 

existing code base

Modern 
Language

Procedure
www.cyber-tec.org

www.ibm.com
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Given all of the background information, the procedure we followed is displayed here. We had a pre-existing code written in the Fortran IV language, which made use of a deck of punch cards, magnetic tape, and was run using this IBM computer. This process used programs and subroutines to generate an ODF and a library of coefficients. This code should then be transcribed into Fortran 95 language * which allows the use of modern text file editors and a computer terminal. This code can then be optimized and run on modern computers with the outputs checked for accuracy. The last step in the integration of this code into the code data base is to transcribe the working Fortran 95 code into a modern language * and construct a graphical user interface to make the program more user-friendly.



www.cyber-tec.org
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this is a segment of one of the subroutines found in the reference book used. 

Now the low quality print is not from the scan, it’s the fact that this was printed as output on  the old IBM computer, shown here *, and then published in the reference book. 

If we zoom in *, we see the full extent of the lack of print quality that was found in these printers.

So the typography analysis was a big concern when transcribing the code. 



Coefficient Equations
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1.This coefficient is defined by i and P, which is the polynomials associated with the Jacobi polynomials. 

2.These are the Legendre functions where phi is from 0 to 90 at increments of 5 degrees. These are calculated using Fourier sums. 

3.This is the cubic spherical harmonics, where h is the angle characterizing the normal to the HKL plane.

4.These are the symmetry coefficients for cubic symmetry. A is another symmetry coefficient. 

5.,6.Next is the Fourier coefficients of the Legendre Function
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This is the flow chart for the Fortran IV code. Here is all the library coefficients what were * successfully calculated and verified by a separate code that was transcribed in Fortran 95 for cubic symmetry. These coefficients will then be used by the subroutines in the flow chart. So as a brief overview, to run the program, you input three different pole figure data here, and specify the transmission and reflectant regions. However since we are using neutron diffraction data and not XRD, we do not need to specify the two regions. Also, since we are dealing with neutron data, there is no need for a correction factor or normalization. So we move on to calculating the F_experimental coefficients for each miller index. After that, the coefficients for the ODF, C. After these are known, it is possible to predict pole figures of any miller indices and conduct error analysis with experimental data, or predict the properties of the material, or find the texture index J, the ODF f(g), and inverse pole figures. 



Summary

• All programs and subroutines were transcribed into text files
• Work was started in transcribing, debugging and updating Fortran IV to 

Fortran 95 syntax
• The following coefficients were confirmed from the library program output 

transcribed in Fortran 95:
• Symmetry Coefficients, ̇�̇�𝐵𝑘𝑘

𝑚𝑚𝜇𝜇 for cubic symmetry
• Fourier Coefficients, 𝑄𝑄𝑘𝑘𝑚𝑚𝑠𝑠

• Cubic Spherical Harmonics, ̇�̇�𝑘𝑘𝑘𝑚𝑚(ℎ𝑘𝑘𝑘𝑘)
• Fourier coefficients, 𝑎𝑎𝑘𝑘′𝑚𝑚𝑠𝑠 of the associated Legendre function 𝑃𝑃𝑘𝑘𝑚𝑚 Φ
• Fourier coefficients, 𝑎𝑎𝑘𝑘′𝑚𝑚𝑚𝑚𝑠𝑠 of the associated Legendre function 𝑃𝑃𝑘𝑘𝑚𝑚 Φ
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To reflect, all the Fortran IV codes were transcribed into modern text files. 

Work was started in transcribing the code into Fortran 95 syntax and debugging the codes. 

However, * the library program was successfully run for cubic symmetry and we confirmed the following outputs: 
the symmetry coefficients, 
* Fourier coefficients, 
* cubic spherical harmonics, and 
* * the Fourier coefficients associated with the Legendre function. 



• Center for High Resolution Neutron Scattering 
(CHRNS)

• Summer Undergraduate Research Fellowship 
(SURF)

Future Work 
• Continue debugging Fortran 95 programs and subroutines

• Optimize code
• Ensure validity of output data

• Transcribe Fortran 95 programs and subroutines into a modern language
• Produce a user-friendly GUI

• Integrate into NCNR code data base for future neutron data analysis and 
simulation
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Future work includes debugging the Fortran 95 codes, 
* optimize them, and 
* then ensure the outputs are accurate. 

Next, * the fortran 95 code still needs to be transcribed into a modern language so a graphical user interface can be produced. 

Finally, this software will still need to be integrated into the existing code data base for future neutron data analysis and simulation *. 
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