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Abstract 

Tracking texture evolution during in situ loading is critical to understand and simulate the 

dynamic behaviour of microstructure in polycrystalline materials, yet conventional texture 

quantification methods are sometimes restricted due to various factors, such as acquisition time, 

sample environment and complex setup. To address this, a novel approach to extract texture 

information from single shot Time-Of-Flight neutron diffraction pattern has been developed. Another 

texture analysis approach based on single shot synchrotron X-ray diffraction has also been 

demonstrated. The effectiveness of two methods is assessed for polycrystalline Nickel-based 

superalloy polycrystalline samples possessing different textures. Both methods feature a moderate 

acquisition time of ~10mins and 30 seconds respectively, as well as a simplified setup which allows 

adding complex sample environments and the use of additional equipment. Comparison with the 

referential EBSD texture suggests that both approaches achieve a satisfactory  match, though some 

details of the complex contour profiles in inverse pole figures may be missing. Besides that, a novel 

metric has been proposed to quantify the matching quality of pole figures. By employing the EPSC 

modelling approach, it is shown that the texture deviation due to the technique chosen for its evaluation 

exerts a subtle influence on th macro- and mesoscale simulation results, highlighting the significance 

of this approach for underpinning robust computational modelling. 

 

1. Introduction and objectives 

Preferred crystal orientation, also known as texture, are often present in polycrystalline metallic 

components as a consequence of their thermomechanical history [1,2,3]. Undoubtedly, the presence of 

texture exerts a very strong influence on the thermomechanical and functional properties of alloys of 

all kinds [4], and is therefore considered as a crucial material input in dynamic modelling approaches, 



such as Finite Element model [5], Crystal Plasticity Finite Element model (CPFE) [6], Visco-Plastic 

Self-Consistent model (VPSC) [7], Elasto-Plastic Self-Consistent model (EPSC) [8], Elasto-Visco-

Plastic Self-Consistent model (EVPSC) [23]. 

Acquiring texture in a bulk polycrystal is usually time-consuming and requires specific 

instrumental setup. Conventional methods mainly include large area EBSD, synchrotron X-

ray/neutron polycrystalline diffraction, and laboratory XRD diffractometry. Each of these methods has 

one or several drawbacks. Large area EBSD is time consuming. Prevailing EBSD systems can reach 

the acquisition speed of 10 frames per second (e.g. Oxford Instrument Nordlys 2013), therefore an 

EBSD map of adequate size for texture quantification (~105 frames) takes ~2.8 hours. In addition, 

EBSD technique needs strict surface preparation, and the sample surface must be kept pristine 

throughout measurement, thus restricting the use of sample environment such as pressure, corrosion, 

vibration, etc. What is more, EBSD is not applicable to materials that contain large amount of 

amorphous phase or nano-sized grains [9], so that only well-crystalized materials (e.g., after annealing 

treatment) can be used. Last, but not least, EBSD is a surface probing technique, therefore for 

large/bulky samples, more than one map would be necessary to confirm the texture quantification 

result. Complete texture determination using synchrotron X-ray/neutron polycrystalline diffraction can 

be achieved either by applying sample rotation [10], or by enhancing the pole figure coverage area of 

the detector array, like HIPPO at LANSCE [11] and GEM at ISIS [12]. The terminology “powder 

diffraction” is also often used to refer to the scientific technique of collecting X-ray or neutron wide 

angle scattering data from polycrystalline samples, so that the two terms “polycrystalline diffraction” 

and “powder diffraction” can be used interchangeably. Sample rotation requires a range close to 180°, 

within which no obstacles should be blocking the path of the X-ray/neutron beam. At facilities 

dedicated to texture analysis like HIPPO and GEM, detector array is arranged in such a way that covers 

the whole spherical space around the sample. Apparently, these two methods restrict the use of 

additional equipment, e.g. in situ loading machine, because any equipment that contacts or surrounds 

the sample is likely to block the diffracted beam from sample to the detector. The same principle 

applies to laboratory diffractometer (XRD). Therefore, in conventional SXRD/ND/XRD texture 

measurement setups, only initial and post-mortem texture quantification is readily feasible [11,12]. 

To resolve the dilemma described above, techniques have been developed to extract texture from 

single exposure synchrotron X-ray diffraction pattern [13,14,15,16,17,18]. In this setup, the relative 

position between the incident X-ray beam and the sample is fixed. The diffracted beam transmits 

through the sample thickness and finally reached an area detector at the back, as illustrated in Fig.1(b). 

Since the incident beam and the diffracted beam is small (~200µm cross-section lengths) and their 

travelling paths are fixed, this experimental setup gives plenty of space for additional equipment such 



as in situ loading machine. Besides that, the 2D Debye-Scherrer ring diffraction pattern contains other 

valuable information such as microstrain, phase fraction, lattice strain and so on [4]. Most importantly, 

the acquisition for a single Debye-Scherrer ring diffraction pattern is vastly rapid owing to the high 

energy / flux of X-ray beam at Synchrotron facilities. For instance, the typical acquisition time for a 

2mm thick Nickel-superalloy, which is considered as a high attenuation material, is merely 30 seconds 

at I12 JEEP beamline at DLS [13] or at ID15A beamline at ESRF [19]. The analysis routine for texture 

analysis based on a single Debye-Scherrer ring diffraction pattern has been partially integrated in 

analysis software such as MAUD [15] and GSAS-II [20]. 

Nevertheless, to the best of author’s knowledge, the accuracy of texture being refined from such 

technique has rarely been verified through one of those conventional yet more reliable texture 

measurement methods, considering the fact that error occurs more or less due to the incomplete pole 

figure coverage of a single exposure synchrotron X-ray diffraction pattern [21]. Namely, there are 

potentially differences in Orientation Distribution Function (ODF) obtained by these texture analysis 

methods. Furthermore, though critical, the discrepancy in computational modelling results caused by 

such texture deviation (error) has never been examined. Besides that, this technique [13,14,15,20,22] 

is based on 2D synchrotron X-ray diffraction pattern, however, many neutron diffraction facilities for 

engineering strain measurement are only equipped with one detector, such as SALSA at ILL and 

POLDI at PSI, or two detectors, such as SMARTS at LANSCE and ENGIN-X at ISIS, capturing one 

or two 1D diffraction pattern(s) in a single acquisition period of ~10 minutes. An example of Time-

Of-Flight neutron diffraction setup is shown in Fig.1(d). In these cases, the technique is no longer 

applicable. 

Having identified the knowledge boundary and limitations of existing studies, the first objective 

of this work is to develop a novel technique that can extract texture information from a single shot 

Time-Of-Flight neutron diffraction (ND) pattern [23]. This novel texture analysis technique is 

applicable to any neutron diffraction facilities as mentioned above, viz SALSA, POLDI, SMARTS 

and ENGIN-X, and also other worldwide facilities that are not mentioned here. It enables texture 

quantification from a single shot diffraction pattern (single acquisition period), which takes around 10 

minutes, without even the slightest alteration to the current diffraction setups at these facilities. This 

ensures the maximal flexibility of the use of any additional setups, such as sample environment 

equipment, loading rig, and so on. As the second objective, the texture analysis routine based on a 

single shot synchrotron X-ray diffraction pattern is demonstrated. This ultra-fast method allows texture 

quantification in ~30 seconds, depending on the X-ray energy and flux of the facility. Similarly, this 

method can be utilised at any beamlines with transmission diffraction capability, such as I12 at DLS, 

ID15A at ESRF, 1-ID at APS, and many more. Mostly importantly, the experimental setup is simple 



to operate, as has been discussed above and illustrated in Fig.1(b). Advancing from previous relevant 

studies, the third objective of this work involves the assessment of accuracy of the texture refined from 

the two methods. Large area EBSD is employed to quantify the texture as reference, and being 

compared with textures refined from both the single shot Time-Of-Flight neutron diffraction pattern 

and the single shot synchrotron X-ray diffraction pattern. Pole figure matching errors are quantified 

by introducing a novel metric Ep, and a more intuitive evaluation has been made based on the plot of 

complete Orientation Distribution Function (ODF). Finally, as the fourth objective, the effect of texture 

deviation (error) on computational modelling results is examined via the texture sensitive EPSC model. 

The significance of this present work is the development and verification of two ultra-fast analysis 

routines for texture quantification based on simple experimental setups at synchrotron X-ray facilities 

and neutron facilities respectively. The application of these ultra-fast analysis routines allows in situ 

texture quantification under complex sample environment. In the present study, a newly invented 

polycrystalline Ni-based superalloy that has great potentiality in aerospace applications is chosen as 

the sample for demonstration, while the analysis routines are universally applicable to all 

polycrystalline materials. 

 

2. Experimental methods and preliminary analysis 

2.1 Material 

The specimen material used in this study belongs to a family of recently invented polycrystalline 

high-temperature Ni-based superalloy [24], referred to as Alloy 11. Pancake forging was conducted 

by isothermally and isostatically pressing a cylindrical ingot. Extracted from different locations in the 

pancake forged bulk, the two miniature bar samples (nominal size of 30 ×  2 ×  1 mm3) present 

contrasting textures. Two samples are named as Sample 1 and Sample 2 in the text below. Like other 

types of Ni-based superalloys, the major gamma (γ) phase of Alloy 11 has a face-centred cubic 

structure of H-M space group F m -3 m, of which the composition is provided in Table 1. 

Table 1 

Chemical composition of Alloy 11 (wt. %). 

Ni Co Cr Ta W Al Ti Mo Nb Fe Mn Si Zr C Bo 

bal 15.1 12.7 4.8 3.2 3.2 2.8 2.1 1.4 1 0.5 0.5 0.06 0.03 0.02 

 

2.2 Single shot Synchrotron X-ray diffraction 

The single shot synchrotron X-ray diffraction measurements were carried out at I12 JEEP 

beamline at Diamond Light Source, UK. The bar sample(s) was mounted statically with its largest area 



surface perpendicular to the incident beam, as illustrated in Fig.1(b). Monochromatic beam energy was 

set to 93.7 keV with a spot size of 200µm×200µm. By moving along X and Y axis, large area 

diffraction mapping was conducted covering the central volume of the samples. Debye-Scherrer ring 

patterns were recorded by a large 2D area diffraction detector Pilatus 2M CdTe (1475×1679pixel, 

pixel size 172µm×172µm) sitting behind the sample. All 2D patterns from the mapping area were 

merged to a single pattern that represents the averaged texture of the whole area. Based on the setup 

calibration from Data Analysis WorkbeNch (DAWN) platform, the Rietveld analysis was performed 

using GSAS II [20] and visualised by MTEX [25]. For peak indexation in Fig.1(c), the 

Crystallographic Information File of the major γ phase refers to database code ICSD-102819. 

 
Figure 1. (a) Mapping scheme for X-ray diffraction and EBSD. (b) Overview of synchrotron X-ray 

diffraction setup at I12 DLS. (c) An example of integrated, indexed and refined diffraction pattern. 

(d) TOF neutron diffraction setup at ENGIN-X ISIS. Right hand side is a top view. The photo on the 

left hand side was captured from the side. Lab coordinate systems are given for both setups. 

 

2.3 Single shot Time-Of-Flight neutron diffraction 

The single shot Time-Of-Flight (TOF) neutron diffraction measurements were carried out at 

ENGIN-X hutch at ISIS, UK. As illustrated in Fig.1(d) right hand side, the bar sample was mounted 

horizontally at 45° relative to the incident beam. Polychromatic beam was delivered at a frequency of 



50Hz with a spot size of 6mm×6mm. The beam is diffracted from lattice planes parallel to the YZ 

plane within the gauge volume. The 1D diffraction pattern is initially processed by the customised 

software OpenGenie, and imported into GSAS [20] to perform Rietveld Refinement. 

2.4 EBSD characterization 

To obtain the reference texture, electron backscatter diffraction (EBSD) observations were 

conducted in a Tescan LYRA3 system integrated with the superb SYMMETRY CMOS EBSD detector 

from Oxford Instruments. Samples were polished step by step till 0.25µm colloidal silica. Indexation 

of Kikuchi patterns was carried out under 20kV, 10mm working distance, and ~0.5 µm step size. 

A rigorous strategy is followed to ensure the accuracy of reference texture. In the first instance, a 

large EBSD map (1.5mm×1mm) was acquired at the same central area as that of the X-ray diffraction 

mapping on each sample, as shown in Fig.1(a). In the second instance, another map (1mm×1mm) was 

acquired at the side region away from the central area. Then the pole figures that are constructed from 

the two maps are compared to ensure that the texture is consistent across the sample. Finally, the 

textures from two maps are combined as the reference texture of that sample. The reference texture is 

referred to as EBSD texture in the text below. Pole figures of the two maps and their combination are 

shown in Fig.5&6.   

 

3. Texture analysis techniques 

3.1 Single shot Time-Of-Flight neutron diffraction 

Neutrons and X-rays interact with matter differently in such a way that neutron interact directly 

with nucleus of atoms while X-rays interact with the electron cloud surrounding atoms. For powder 

diffraction of polycrystals, the two techniques are similar, except the minor variance in diffraction 

intensity [26]. What is more, this difference can be compensated by detector calibration using reference 

crystals. Hence single shot Time-Of-Flight neutron diffraction pattern is substituted by a portion of 

synchrotron X-ray diffraction pattern, as shown in Fig.2(a). 

3.1.1 Theoretical intensity and texture effect 

Assuming a polycrystalline aggregate of any texture, and by taking into account the scattering 

geometry, crystallographic information, and detector calibration result, the theoretical diffraction 

profile can be estimated by a mathematical model [27]: 

𝐼! = 𝐼" + 𝐼# = 𝐼" + ∑ 𝑆 ∙ 𝐾 ∙ 𝐹$% ∙ 𝑃(∆𝑇$)$ ,                                                                                       (1) 

where 𝐼! is theoretical intensity, 𝐼" is background intensity. The last term 𝐼# is diffraction intensity, 

which is a sum of contributions from each reflection h. Every contribution is multiplication of structure 

factor 𝐹$%, scale factor S, correction factor K, and peak profile function 𝑃(∆𝑇$). The value of correction 



factor K is partially determined by another factor A(h, y) that describes the variation of diffraction 

intensity due to texture effect: 

𝐴(𝜑, 𝛽, 𝜓, 𝛾) = 1 + 𝑇,                                                                                                                         (2) 

where T is expressed by the generalized spherical-harmonics term: 

𝑇 = ∑ 4𝜋/(2𝑙 + 1)∑ ∑ 𝐶&'(𝑘&'(𝜑, 𝛽)𝑘&((𝜓, 𝛾)&
()*&

&
')*&

+
&)% ,                                                            (3) 

where 𝐶&'( are harmonic coefficients, which can be determined by Rietveld refinement, and the two 

harmonic terms, 𝑘&' and 𝑘&( depend on the crystal and sample symmetries respectively [28], therefore 

the two inner summations depend on the unique, nonzero harmonic terms. The selection of the two 

harmonics terms is profoundly affected by the assumption of sample texture symmetry. What is more, 

various orders of the spherical harmonics equation can be chosen in order to adapt the diverse degree 

of complexity of the diffraction pattern. For pattern with fewer diffraction peaks, the number of order 

can be selected from four to eight, while for pattern with more diffraction peaks, the number of order 

can be selected up to fourteen. The higher the order, the larger number of harmonic coefficients in 

Eq.3. This offers great flexibility and robustness in quantifying the texture effect from the diffraction 

pattern. With this advancement, it becomes possible to extract texture information from merely a single 

diffraction pattern. Compared with conventional methods that relies on the input from tens / hundreds 

of diffraction patterns, relying on a single pattern ensures the ultra-fast feature of this texture 

quantification technique. 

Apparently, in the case of an ideal polycrystalline material of random texture, 𝑇 = 0. Take {111} 

reflection for instance as shown in Fig.2(b), ID represents its intensity without the correction of texture 

effect. At this initial stage of refinement, there is a gap between observed data and Rietveld fit. Upon 

refining, the texture effect is corrected so that the intensity matches with observed data as shown in 

Fig.2(c). The intensity of {111} has been corrected from ID to ID'. Besides that, intensities of all other 

reflections in Fig.2(c), e.g. {200} and {220}, have also been corrected by taking into account the 

texture effect. These intensity corrections are recorded by the harmonics coefficients 𝐶&'( in Eq.(3), 

which contain quantitative orientation distribution of grain families of all reflections that are available 

in the diffraction pattern. Namely, the populations of grains that contributes to certain reflections are 

quantified. The proportion of the actual population to that of the ideal random texture state is termed 

Multiples of Random Distribution (MRD). 

 

 

 



 
Figure 2. (a) Diffraction pattern from Sample 1 integrated around 15° azimuth in X direction. (b) 

Rietveld refinement without considering texture effect. (c) Correction of diffraction intensity via 

variation of grain population of all reflections in X direction. 

 

3.1.2 Justification of cylindrical symmetry 

During the texture analysis using Eq.(3), the population of grains whose {hkl} reflection normal 

vectors are parallel to the diffraction scattering vector is quantified. However, the orientation 

information of how those grains rotating around that {hkl} reflection normal remains missing. 

Therefore, cylindrical symmetry must be chosen, assuming that those grains distribute homogeneously 

around that particular {hkl} normal vector. 

Take the {111} reflection as an example, as depicted in Fig.3(a). Suppose that the population of 

grains whose {111} reflection normal vectors are parallel to the X direction is quantified via the theory 

introduced in Section 3.1.1. Since the quantity of <111> vector is known and the crystal structure is 

fixed, the quantity of <110>, <100>, <311> vectors in certain directions (pointed by the arrows in 

Fig.3(a))can be deduced, so as the corresponding lattice planes, namely {220}, {200}, {311}, etc. 

Nevertheless, as indicated by the circular yellow arrow, it cannot be determined how these crystals 

population distribute around the <111> direction, thus homogeneous distribution is presumed. 

Based on the cylindrical symmetry and 8-order spherical harmonics, a series of inter-related pole 

figures can be constructed from the refined harmonics coefficients, as shown in Fig.3(b). The inter-

relation can be explained in such a way that for each pole figure, only the intensity at the centre of the 

circle, i.e. projection of MRD parallel to the X direction, is directly refined from the texture correction 

of peak intensity from a diffraction pattern (Fig.2), whilst the intensity of the remaining area is deduced 

from central intensity of other pole figures. For instance, in Fig.3(b), the {111} pole figure centre has 

a low intensity of 0.8 MRD. According to the geometry of crystallographic reflection planes depicted 

in Fig.3(a), this causes the low intensity in {200}, {220}, {311} reflections in certain directions. As 

pointed out by the black arrows, this is reflected by the low intensity annular regions in the latter three 



pole figures {200}, {220} and {311}. The corresponding annular regions are marked by the dashed 

lines using the same colours as the colour of {hkl}, viz the top line indicates the diameter of the low 

intensity annular regions of {200} pole figure, the bottom line indicates the diameter of the low 

intensity annular regions of {311} pole figure. The diameters of these annular regions match well with 

relative geometry of hkl reflections in Fig.3(a). The blue colour of these marked annular regions 

indicates their low MRD as a consequence of the low intensity at the centre of {111} pole figure. 

 
Figure 3. (a) Geometry of crystallographic reflections in FCC crystal, with {111} plane normal 

parallel to the X axis. (b) Constructed pole figures from single shot diffraction pattern of sample 2, in 

unit of MRD. Colour of dashed lines corresponds to the colour of {hkl} indices. 

 

3.1.3 ODF construction 

The ODF can be reliably estimated from pole figures through a novel analysis routine introduced 

in [29]. Mathematically, the pole density function P with respect to the ODF can be expressed by a 

fundamental texture analysis equation [30]: 

𝑃(ℎ, 𝑟) = ,
%
[ℛ𝑓(ℎ, 𝑟) + ℛ𝑓(−ℎ, 𝑟)],                                                                                                  (4) 

where 𝑓 is the ODF, ℛ is the integral operator recognized as the geodesic Radon transform. 

Based on Eq.4, the statistical model can be written as: 



𝐼-. ≃ 𝑃𝑜𝑖𝑠I𝐼-./ + [𝑣0123]-ℛ𝑓0123K𝐻- , 𝑟-.MN,                                                                                           (5) 

where 𝐼-. is the statistical counts, 𝐼-./  is the background counts. 𝑃𝑜𝑖𝑠 means the parameterized Poisson 

process. 

The ODF construction is equivalent to the classical parameter estimation. Given a random sample 

𝐼-., i=1,…, N, j=1,…, Ni of counts, the modified least squares estimator can be written as: 

𝑓4+5 = argmin∑ ∑ 67!ℛ9:$!,1!"<*=!"6
#

=!"

>!
.),

>
-), ,                                                                                         (6) 

which includes a series of unknown normalization coefficients as variables. To numerically solve the 

minimization problem of Eq.6 requires discretization of ODF, which is approximated by Fourier 

expansion. The Fourier expansion can be identified as a composition of a spherical and an adjoint 

spherical Fourier transform. Finally, a modified steepest descent algorithm is applied to solve the 

minimization problem. The algorithm has been implemented in the texture analysis software MTEX. 

The pole figures constructed in Section 3.1.2 can be imported into the software, from which the ODF 

is estimated and inverse pole figures constructed. 

3.2 Single shot synchrotron X-ray diffraction 

For a single synchrotron X-ray diffraction pattern, the texture analysis routine has been elucidated 

in previous studies [20]. In the present work, 24 patterns are integrated around the diffraction rings 

with a step size of 15°, as illustrated in Fig.4(a). Pole figures and inverse pole figures are constructed 

based on the refined harmonics coefficients in GSAS II, as shown in Fig.4(b). No sample symmetry 

and 8-order spherical harmonics are assumed. The figures are then imported into the MTEX software 

for plotting and comparison in Section 4.2. 

 

 
Figure 4. Texture analysis example of sample 1. (a) 24 segmentations of synchrotron X-ray 2D 



diffraction pattern. (b) Inverse pole figures and pole figures constructed from harmonics coefficients 

in GSAS II, in unit of MRD. Inverse pole figures are given in complete projection space, but the 

fundamental region for cubic structure is highlighted in dashed triangle. 

 

4. Results and discussion 

4.1 EBSD maps and EBSD texture 

The EBSD maps and texture information of Sample 1 and Sample 2 are shown in Fig.5 and Fig.6 

respectively. Each map consists of a statistical counting of approximately half million grain 

orientations, from which pole figures are constructed. The four reflections of pole figures, namely 

{111}, {200}, {220} and {331} are selected according to the strongest diffraction peaks in Fig.1(c). 

The grain orientation statistics of Sample 1 exhibits such distribution that does not belong to any 

commonly observed texture types. The highest / lowest intensity area dot around the whole hemisphere 

of the four pole figures. Nevertheless, the pole figures of central and side EBSD mapping area match 

well with each other in terms of maximum/minimum MRD value, contour profile and intensity 

distribution. This confirms the uniformness of texture across the length scale in Sample 1. Therefore, 

the EBSD texture, which represents the standard reference texture of the entire sample, can be 

established by synthesising texture from the two maps, as shown in Fig.5(c). Additionally, inverse pole 

figure in three principal directions (X, Y and Z) are given for comparison in Section 4.2. 

Comparatively, the grain orientation statistics of Sample 2 demonstrate pretty much the same 

features as were observed in Sample 1, except the smaller grain size and less texture complexity. 

Fig.6(c) shows the EBSD texture of Sample 2. 

The textures of Sample 1 and Sample 2 are relatively weak since the maximum MRD is less than 

2, yet the preferred grain orientations are totally different. This makes them challenging practices as 

well as tenable verifications for the texture analysis techniques in this study. 



 
Figure 5. EBSD measurements of Sample 1. EBSD map scale bar, coordinate system for EBSD map 

and pole figures, colour key for Multiples of the Random Distribution (MRD), and colour key for 

EBSD maps in Z direction are presented together in the middle. (a) Central area map and pole figure 

texture statistics. (b) Side area map and pole figure texture statistics. (c) EBSD texture, a 

combination of texture statistics of both maps. 

 



 
Figure 6. EBSD measurements of Sample 2. For detailed caption please refer to that of Fig.5. 

 

4.2 Comparison of texture results 

Based upon the texture analysis techniques being introduced in Section 3, texture information can 

be derived from diffraction patterns of both experimental setups, namely single shot Time-Of-Flight 

neutron diffraction and single shot synchrotron X-ray diffraction. For the purpose of accuracy 

assessment, results are plotted in contrast with the referential EBSD texture, as shown in Fig.7 and 

Fig.8 for Sample 1 and 2 respectively. 

The texture results from single shot Time-Of-Flight neutron diffraction are shown in Fig.7(b) and 

Fig.8(b). As has been discussed in Section 3.1, a single diffraction pattern contains texture information 

of a specific direction, thus only inverse pole figure of that direction may be accurately constructed. 



Hence for each sample, two segmentations in the X and Y directions are made to produce two inverse 

pole figures. Compared with EBSD texture plots, single shot neutron diffraction well captures the 

overall texture in terms of intensity distribution and max/min intensity, for instance, <111>, <001> 

and <110> in both X and Y in Fig.7(b), similar in Fig.8(b). However, the detailed contours are blurred, 

such as Fig.7(b) Y direction, that the plot indicates the intense region in the middle of the triangular 

area, whilst the actual distribution consists of three peak regions (Fig.7(a) Y direction). The reason 

why the texture at <111>, <001> and <110> directions correspond well with the EBSD observation 

than other directions is obvious: their diffraction peaks are directly observable from the pattern (e.g. 

Fig.1(c)) whose intensities are corrected by texture effect. 

The texture results from single shot synchrotron X-ray diffraction are shown in Fig.7(c) and 

Fig.8(c). Incomplete pole figures can be constructed from the input of 24 diffraction patterns around 

the azimuthal direction. Regarding Sample 1, pole figure contours exhibit decent matching between 

Fig.7(a) and Fig.7(c), particularly the most/least intense regions, though some deviations can be 

observed. The matching of pole figures in Sample 2 between Fig.8(a) and Fig.8(c) is better, especially 

the {111} and {220} plane groups. To quantify the matching quality, the difference pole figures are 

provided in Fig.7(d) and Fig.8(d), together with the novel metric Ep that evaluates the error between 

two pole figures. Metric Ep is defined as: 𝐸? =
,
(
∑ |4!*>!|

4!

(
, , where Mi is the MRD value at a point in 

the EBSD pole figure, Ni is that in the diffraction pole figure, n is the number of discretised points in 

the pole figure domain. The calculated Ep values suggest that the errors are generally below 10% 

(10%=0.1), the average is around 5%. For a better visual evaluation, a quantitative comparison of 

complete ODF is made by plotting the ODF difference between EBSD reference and our analysis 

technique, as shown in Fig.7(e) and Fig.8(e). For FCC crystal structure, the standard Euler angle range 

is a 90°×90°×360° space, thus 9 sections are plotted at a step size of every 10°. It can be seen that the 

majority of ODF space shows a difference of 0-0.1 MRD for both Sample 1 and Sample 2. The 

accuracy of texture analysis of Sample 2 is slightly better because of less regions with peak values. 

Therefore, from both the parametric and visual evaluation, the result of our texture analysis technique 

exhibits decent agreement with EBSD. The comparison of complete ODF between EBSD and 

synchrotron X-ray diffraction is presented in Fig.9 and Fig.10 for Sample 1 and Sample 2, respectively. 

It is note-worthy that the inverse pole figures of Sample 2 show excellent matching with EBSD 

in X and Y direction, whilst that of Sample 1 is more deviated but acceptable. Compared with inverse 

pole figures from neutron diffraction, those from synchrotron X-ray diffraction contain more details, 

though still not enough to capture the profile. Due to the combination of patterns from 24 azimuthal 

directions, single shot synchrotron X-ray diffraction provide texture information of satisfactory 



precision. 

Nevertheless, it should be pointed out that the Z direction inverse pole figures from single shot 

synchrotron X-ray diffraction exhibit poor matching with EBSD result in both Sample 1 & 2. Reason 

is fairly straightforward, that the Z direction is parallel to the incident beam where lacks the diffraction 

information, leading to the faulty texture prediction. 

 

 
Figure 7. Comparison of texture results of Sample 1. Coordinate system and intensity colour key are 

near the picture centre, in units of MRD. Four hkl indices for pole figures and three directions for 

inverse pole figures are on the top line. (a) Referential EBSD texture. (b) Single shot Time-Of-Flight 

neutron diffraction pattern. (c) Single shot synchrotron X-ray diffraction. (d) Difference pole figures 



between EBSD and single shot synchrotron X-ray diffraction, with corresponding Ep values that 

indicate the matching quality. (e) Difference of complete ODF space between EBSD and single shot 

synchrotron X-ray diffraction, in unit of MRD. Top left is 0° section, and bottom left is 90° section. 

 

 
Figure 8. Comparison of texture results of Sample 2. For detailed caption please refer to that of 

Fig.7. 

 



 
Figure 9. Comparison of complete ODF obtained from EBSD and SXRD of Sample 1. 

 

 
Figure 10. Comparison of complete ODF obtained from EBSD and SXRD of Sample 2. 

 

4.3 Effect of texture deviation on modelling approach 

In Section 4.2, visual comparison has been made between the referential EBSD observation and 

diffraction results. For texture analysis techniques, deviations occur more or less, whose randomness 

is rather difficult to quantify. In practice, texture refined from diffraction patterns is used to predict 

material’s thermomechanical properties, via either empirical or advanced modelling approaches. 

Therefore, what really concerns is the effect of such random deviations on modelling result, as is the 



topic of this section. 

4.3.1 EPSC modelling approach 

The Elasto-Plastic Self-Consistent (EPSC) modelling approach treats grains as ellipsoidal 

inclusion embedded in a homogeneous medium. Based on the Eshelby theory, the model implements 

Voce-type hardening law to describe the activation and hardening of slip system s: 

𝜏̂A = 𝜏BA + (𝜏,A + 𝜃,AΓ) Z1 − 𝑒
*C$%

&'
()
& D\,                                                                                                 (7) 

where Γ  is the accumulated shear in the grain, 𝜏B , 𝜏, , 𝜃B , 𝜃,  are hardening parameters. Detailed 

numerical implementation of the model refers to [8]. The tenability and universality of the EPSC model 

and its modified version has been validated by numerous studies in the past 30 years, including but not 

limited to [4,7,8,31,32]. In this study, the Version 4 is used, which was developed in recent years. 

The model is calibrated through fitting macroscopic stress-strain behaviour with tensile loading 

experiment for a Ni-superalloy sample of random grain orientation distribution, as shown in Fig.11.  

 
Figure 11. The EPSC model is calibrated with experimental data. Hardening parameters are tuned as 

shown in the table. 

 

4.3.2 Effect of texture deviation on macroscale simulation results 

The grain population file of the calibrated EPSC model is created by random sampling from the 

texture of EBSD and single shot synchrotron X-ray diffraction (below abbreviated as SXRD). 50000 

orientations are randomly sampled from the constructed ODF using the discrete sample function 

integrated in MTEX. The grain ellipsoidal ratios for both samples are set to 1, viz equivalent to round 

shape. Texture evolution mode is enabled. Simulation was conducted in strain control mode, with a 

step size of 0.0001, altogether 200 steps from 0 till 0.02. Loading axis is set parallel to the X direction 

in Fig.1, and stress in Y and Z direction is set to 0. Strain in Y and Z and stress in X direction are 



outputs from the simulation. 

The macroscopic stress-strain loading simulation result is shown in Fig.12. The four curves show 

negligible difference in the elastic regime from 0 to 500 MPa. The yielding points are about the same 

level, whilst the texture exerts a huge influence on the hardening behaviour. Two curves of Sample 1 

seem to exhibit a more gradual hardening than the Sample 2, clearly the four curves are separated into 

two distinct groups for different samples. The difference in stress-strain curve in the initial plastic 

regime between the two samples may be attributed to the enabled texture evolution mode in the 

simulation, while such discrepancy shows a tendency of convergence beyond the strain level of ~1.2%. 

The final textures of both samples are displayed in Fig.13. It can be clearly observed that divergent 

strong textures of which local MRD larger than 4 were developed from the weak texture. This 

observation agrees well with previous study of the same model [32]. It is obvious that this intense 

reorientation activity results in the discrepancy in the plastic regime. 

A zoom in view of plastic regime is displayed in the blue insert map in Fig.12. The two curves of 

EBSD texture and SXRD texture from Sample 1 fall more apart than Sample 2, agreeing well the fact 

that in the visual comparison of pole figures in Section 4.2, there shows a better match between EBSD 

texture and SXRD in Sample 2, which leads to a nearly identical curve paths. What is more, the curves 

of Sample 1 remain steadily parallel with each other, not in a diverging manner. 

Overall, it can be concluded that effect of texture deviation brought by the texture analysis 

technique is much less than that caused by the diversity of texture in different samples, even for weak 

textures, i.e. maxima less than 2 MRD. 

 
Figure 12. Macroscopic stress-strain loading simulation result from EPSC model. EBSD texture and 

single shot synchrotron X-ray diffraction (SXRD) texture files are used, presented by curves in 

different colours. 



 

 
Figure 13. Final textures for Sample 1 and Sample 2 at 2% tensile elongation from the EPSC model. 

The complete ODF of each sample is a summation of EBSD and SXRD. 

 

4.3.2 Effect of texture deviation on mesoscale simulation results 

Considering the fact that synchrotron X-ray diffraction provides mesoscale information of 

polycrystalline, which means the combination of grains that contribute to certain reflections as grain 

groups, within the gauge volume that is illuminated by X-ray beam, it is necessary to exam the 

mesoscale simulation results, as shown in Fig.14. 

Comparing Fig.14(a)&(b), it is obvious that intrinsic texture in Sample 1&2 brings about different 

lattice strain evolution paths in both directions. In Axial Direction, the lattice strain paths of EBSD 

texture and SXRD texture show excellent match without visible diversity. By contrast, the paths split 

in the plastic regime in both samples in Radial Direction, for Sample 1, the divergence is larger, which 

explains the observation in its macroscopic curves. Despite that, the curves of the same grain group 

still follow the same tendency regardless of the extent. Additionally, the quantity of grains included in 

this simulation has been proved to be adequate to achieve a stable result, since a 20000 grain aggregate 

produces exactly the same stress-strain curve. 

Overall, it can be concluded that the effect of texture deviation from texture analysis technique 

brings about subtle mismatch in the behaviour of grain groups in Radial Direction, whilst negligible 

in Axial Direction. 



 
Figure 14. Lattice strain of {hkl} grain groups in loading direction (Axial Direction) and its vertical 

(Radial Direction). Results of EBSD texture are presented in solid lines whilst those of SXRD 

texture are in dashed lines (a) Sample 1. (b) Sample 2. 

 

5. Summary and conclusions 

In the present work, two ultra-fast texture analysis techniques have been developed and 

demonstrated. Firstly, a novel texture analysis method based on single shot Time-Of-Flight neutron 

diffraction (ND) pattern is elucidated. Secondly, texture analysis from single shot synchrotron X-ray 

diffraction (SXRD) pattern is conducted. Both techniques are based on experimental setups that are 

simple to establish. Pole figures and inverse pole figures constructed from both texture analysis 

methods are assessed through comparison with the referential texture quantified by large-area EBSD. 

A novel metric Ep has been set up for a quantitative evaluation of the difference in pole figures. Visual 



assessment has also been made by plotting the ODF difference in full Euler space. Finally, the 

influence of texture deviation between SXRD and EBSD on macro- and mesoscale simulation results 

is examined by the EPSC modelling approach. Thus providing insight into the reliability of two texture 

analysis methods from a visual and computational point of view. 

Conclusions are summarised as below: 

Texture refined from single shot Time-Of-Flight neutron diffraction pattern is based on 

cylindrical symmetry assumption and is presented in the form of inverse pole figure, which contains 

texture information in the direction of diffraction scattering vector of that pattern. No sample symmetry 

assumption is needed for single shot synchrotron X-ray diffraction pattern, and the result can be 

presented in the form of pole figures in complete projection space. 

Inverse pole figures obtained from single shot Time-Of-Flight neutron diffraction reflect 

orientation distribution in an approximate manner, whilst detailed contour profile may be missing. 

Pole figures constructed from single shot synchrotron X-ray diffraction pattern show decent 

match with those from EBSD in terms of max/min intensity and intensity distribution, with errors 

generally below 10%. The ODF difference is around ~0.1MRD for majority of full Euler space.  

Meanwhile, the inverse pole figures display more details than those from neutron diffraction. Inverse 

pole figures in Z direction are less accurate due to the lack of diffraction information. 

On macroscale simulation result, the effect of texture deviation brought by the texture analysis 

technique is much less than that caused by the diversity of texture in different samples. On mesoscale, 

the texture deviation brings about no influence on the behaviour of grain groups in loading direction, 

whilst vertically, the lattice strain evolution paths show divergence in plastic regime but general 

tendencies remain consistent between EBSD and SXRD texture. 
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