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Abstract. On the basis of our previous experience [1-4], a unique three axis high-resolution 
experimental setting for nondestructive strain measurements which is based on neutron Bragg 
diffraction optics with cylindrically bent perfect crystals is presented. The use of focusing in real 
and namely, in momentum space, from FWHM of diffraction lines the three axis setting provides 
the ∆d/d resolution (d-lattice spacing) of  about 4x10-3 for bulk samples. It permits studies not 
only macrostrain components resulting from angular shifts of diffraction peaks but also 
estimations of microstrains in a plastically deformation region by means of profile-broadening 
analysis. The feasibility of the experimental setting is demonstrated on low carbon steel shear 
deformed steel wires.  

Introduction 
Non-destructive X-ray and neutron diffraction techniques for studies of internal strain fields in 
polycrystalline materials have been successfully used for many years [5-17]. At present, the 
investigations of residual strains/stresses are usually carried out at the dedicated double axis 
diffractometers (strain scanners) with a bent perfect crystal (BPC) focusing monochromator 
situated on the first axis, a sample situated on the second axis and with a position sensitive 
detector (PSD). With respect to the experimental conditions, the BPC crystal is optimally bent 
which results in a highly collimated beam (often called quasiparallel beam) reflected by the 
polycrystalline sample [12,15-17]. However, the ∆d/d resolution of these dedicated scanners 
derived from the FWHM of the diffraction lines is sufficiently high for small sample gauge 
volumes but rarely better than 8x10-3 for bulk samples. Important thing is that the dedicated 
scanners operate with open beams without the necessity of Soller collimators. A further way, 
how to increase the resolution which would permit to investigate an influence of microstrains on 
the diffraction profile, namely, in the case of plastically deformed samples, is the use of a three 
axis set-up when employing a third BPC crystal on the third axis as an analyzer. The first 
attempts of the use of the three axis set-up were described two decades ago [1,2]. The drawback 
of such a set-up in comparison with the conventional scanners consists in using the step-by-step 
analysis (by rocking the BPC analyzer). Therefore, the effective measurements could be carried 
out within a reasonable measurement time at high-flux neutron sources. From the point of view 
of luminosity, some improvements can be done by an employment of the BPC monochromator at 
a rather small Bragg angle, while the resolution can be optimized by a suitable choice of the BPC 
analyzer and its thickness, as it was used in the present case (see Fig. 1).  
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Experimental details 
The set-up shown in Fig. 1 was experimentally realized on the three axis neutron optic 
diffractometer installed at the medium power research reactor LVR-15 situated in Řež. Si(111) 
and Si(400) single crystals had the dimensions of  200x40x4 mm3 and 20x40x1.3 mm3 (length x 
width x thickness), respectively. The monochromator Si(111) had a fixed curvature with a radius 
RM of about 12 m. The curvature of the analyzer Si(400) was changeable in the range from 
RM=36 m to RM=3.6 m and finally set for the optimum radius of curvature of RA= 9 m, where a 
best resolution was found. For a practical demonstration of the feasibility of using the three axis 
set-up for diffraction line analysis we used α-Fe(110) nondeformed as well as deformed wires 
with accumulated shear deformation, as a result of rolling with the shear of the metal ingot and 
conventional wire drawing. Due to the deformation the diameters of the samples are not the 
same, however, but they are in the vicinity of 5 mm. The samples were already studied in detail 
elsewhere [18] and in this case several of them were used for the feasibility studies of the set-up. 
The description of the nondeformed as well as with accumulated shear deformation samples – 
(low carbon steel - Grade 08G2S GOST 1050) is shown in Table1. Table 2 describes the 
chemical composition of the steel. 

 
Table 1. Description of deformation of the low-alloyed steel samples. Percentage in the fourth 

column shows the reduction degree in drawing deformation. 
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Fig. 1. Schematic diagram of the experimental performance 

with the sample in the vertical position. 

Sample 
number 

φ [mm] Shear def. 
[%] 

Drawing def.  
[%] 

1 5.10 0 0 

2 4.28 8 23.2 

3 5.35 0 0 

4 4.28 16.6 23.2 

5 5.57 0 0 

6 4.28 23 23.2 
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Table 2. Chemical composition of low-alloyed structural steel grade 08G2S  GOST 1050 element 

Experimental results of the diffraction profiles - Radial components 
The steel samples were situated on the second axis of the diffractometer in vertical position. The 
width of the incident beam was 8 mm and therefore, the whole volume of the sample was 
irradiated (within the whole diameter). The height of the incident beam was 20 mm. From the 
introduced Fig. 2, we can detect the following features: The peak intensities and FWHMs related 
to the deformed samples differ very little. This is brought about by the fact that the diameter of 
the deformed samples was equal and that the shear deformation has a negligible effect. Very 
close values of FWHM  point out on the fact that the lattice deformation in the radial direction 
was basically brought about by drawing deformation. The integrated intensity under the peak 
profiles related to the nondeformed samples N.1, N.3 and N.5 primarily corresponds to the 
irradiated volume of the sample, which is naturally maximum for the sample N. 5.  

Experimental results of the diffraction profiles - Axial components 
In the next step the steel samples were situated on the second axis of the diffractometer in the 
horizontal position. The obtained results are shown in Fig. 3. In comparison with the previous 
case, for the samples in the horizontal position their irradiated volume is much smaller and 

correspondingly neutron signal was smaller. In this case, it was found that the resolution was 
dependent on the width of the incident beam impinging the sample and therefore, we used the slit 
width of 5 mm. It can be seen from Fig. 3 that the resolution represented by FWHM was 
practically the same for all nondeformed samples N.1, N.3 and N.5. Small differences in FWHM 

Element      C     Mn     Si     S      P    Cr   Ni  Cu  N2 
    wt %    0,08   1,87   0,82   0,020   0,022    0,02   0,02    0,02    0,007 
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Fig. 2. Diffraction profiles related to the samples N.1-N.6 situated in the vertical position as 

analyzed by the bent perfect Si(400) analyzer.  

 

∆θA / deg 

 

 

 

 

∆θA / deg 

 

 
 

-0,6 -0,4 -0,2 0,0 0,2 0,4 0,6
0

200

400

600

800

1000

1200

1400

1600

 

 

                   FWHM       err.
 S. 1    0.1912    0.0023
 S. 2    0.2322    0.0019

In
te

ns
ity

 / 
50

0 
s

∆θA / deg

Si(111)/α-Fe(110)/Si(400)

 
Fig. 3. Diffraction profiles related to the samples N.1-N.6 situated in the horizontal position for 

measurement of the axial component as analyzed by the bent perfect Si(400) analyzer. 
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can be seen for plastically deformed samples. It points out the fact that the lattice deformation 
was basically brought about by drawing deformation and influencing the radial strain component 
and much less the axial strain component.  

Summary 
The presented neutron diffraction results obtained on the samples of low-alloyed quality 
structural steel (Grade 08G2S GOST 1050) document the feasibility of the unconventional three 
axis set-up for studies of some properties of polycrystalline samples in the plastic deformation 
region. It can be seen from the Tab. 3 that though the FWHM-effects resulting from the applied 

 Table 3. Summary of the FWHMs as calculated in (∆d/d)- scale 

deformation on the samples are very small, thanks to the high resolution of the experimental set-
up, they are clearly measurable. In particular, such results can be used as an additional support to 
complement the information achieved by using the other characterization methodologies. It 
should be pointed out that contrary to the conventional double axis strain scanner, the three axis 
setting provides a high resolution for bulk samples e.g. of the diameter of 5-10 mm (for the radial 
component) while for conventional scanner such diameter itself introduces to the resolution an 
uncertainty in FWHM of the diffraction profile at least of 1x10-2 rad.  Thanks to the high 
resolution property of the three axis set-up, it can be, of course, used also for measurements of 
residual elastic deformation macrostresses, however, less efficiently in comparison with the 
conventional two axis neutron diffraction measurement [18] which has not so high resolution 
requirements.     
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