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In materials such as nickel rich Inconel 600 the high absorption of neutrons within the gauge volume causes a pronounced difference between the instrumental gauge volume IGV and the sampled gauge volume SGV. The IGV is the volume of space defined by the neutron beam paths through the defining apertures, taking into account properties of the beam while the SGV is the intersection of the IGV with the sample also taking into account the absorption of the neutrons.

The relative shift in position of the centre of gravity of measurement in the out of plane direction when the gauge volume is fully immersed in the sample, increases approximately proportionally with larger gauge volumes dimensions in the horizontal plane. The magnitude of this shift depends also upon other parameters and these will be discussed in this paper. It turns out that effectively the position being measured is not the centre of gravity of the IGV but that of the SGV. In the case when the gauge volume is not fully immersed in the specimen (e.g. at the surface), the shift of the centre of gravity of the measurement becomes more complicated due to the effect known as the 'surface effect'. Due to the problems in properly separating this from the pure absorption related shift we will discuss this subject only briefly.

Introduction

Measuring the out of plane strain in a material (normal to a specimen) can be subject to aberrations. A correct value of strain can be determined but the position of the neutronweighted centre of gravity relative to the geometrical centre of the gauge volume needs to be determined correctly, especially in materials that have a high neutron attenuation coefficient.

It has been observed that taking pairs of measurements 180° to each other can correct for this absorption shift (with specimens of a simple geometry such as a plate) [START_REF] Wimpory | Precise Measurement of Steep Residual Strain Gradients Using Neutron Diffraction in Strongly Absorbing Materials with Chemical Compositional Gradients[END_REF]. Measurements have been made on the NeT Task Group 6 (TG6) international measurement round robin (an Alloy 600/82 multi-pass weldment) [START_REF] Wimpory | Precise Measurement of Steep Residual Strain Gradients Using Neutron Diffraction in Strongly Absorbing Materials with Chemical Compositional Gradients[END_REF] which has a high neutron attenuation coefficient. Previously measurements have been made only on instruments with elastically bent perfect Silicon (400) crystal monochromators with similar wavelengths [START_REF] Wimpory | Precise Measurement of Steep Residual Strain Gradients Using Neutron Diffraction in Strongly Absorbing Materials with Chemical Compositional Gradients[END_REF][START_REF] Wimpory | Use of Symmetry for Residual Stress Determination[END_REF], showing similar values of absorption shift. Figure 1 shows the results for E3 at the HZB using such a monochromator, where the scattering angles have been measured from the weld side (green line) and then from the back of the plate (red line). The centre of gravity (represented by the blues dots in figure 1b.) of the sampled gauge volume (SGV) is moved towards the surface of the plate. This is because most of the neutrons are scattering from this region within the instrumental gauge volume (IGV). This is why the scattering angles values (representing the change in strain) do not overlap in figure 1a. Each distribution has to be shifted left or right to coincide with each other. The Qs represent the Q vector, the direction of strain measurement in the out of plane direction. Further measurements have been made on the elastically bent perfect Si(400) and the flat Ge(511) monochromators on STRESS-SPEC. Both of these monochromators also have vertical focusing and further details can be found in [START_REF] Mayer | Construction of the new material science neutron diffractometer STRESS-SPEC[END_REF][START_REF] Hofmann | The New Materials Science Diffractometer STRESS-SPEC at FRM-II[END_REF]. The gauge volume (GV) was defined by a primary input slit optic and oscillating radial collimator. The gauge volumes used were 1×10×1 mm 3 , 2×10×2 mm 3 (see figure 2), 3×10×2 mm 3 4×10×2 mm 3 and 5×10×2 mm 3 where the numbers are input slit width × input slit height × radial collimator width. With a scattering angle of º93° in 2theta, the horizontal GV diagonals are 1.49, 2.98, 3.80, 4.71 and 5.67mm respectively. This scattering angle was used for both sets of measurements, taking advantage of the variable take off angle on STRESS-SPEC, adjusting the neutron wavelength. The specimen was mounted 'vertically', i.e. with the welding direction pointing upwards (see figure 3). In addition the software package RESTRAX has been implemented to compare the two monochromators and to calculate the expected shifts. This is a tool for neutron ray-tracing simulations of neutron scattering instruments [START_REF] Šaroun | Treatment of spatial resolution effects in neutron residual strain scanning[END_REF]. These simulations will be compared to the measurements. Comparison will also be made with measurements made on E3 [START_REF] Wimpory | Efficiency Boost of the Materials Science Diffractometer E3 at BENSC: One Order of Magnitude Due to a Horizontally and Vertically Focusing Monochromator[END_REF] at the HZB and an analytical solution based on a simplified nominal gauge volume assumption [START_REF] Ohms | Untersuchung des Verfahrens zur Spannungsreduktion durch Vibration mittels hochauflösender Neutronendiffraktometrie[END_REF]. Figure 2 shows the measurement of strain on STRESS-SPEC using a 2mm input slit and 2mm radial collimator using a Si(400) monochromator. The strain distribution is a combination of real strain and pseudo strain and hence is referred to relative strain in the figure. The pseudo strain is due to a chemical compositional gradient from the weld side to the parent material side. The two out of plane (normal) strain measurements were made 180° to each other, one from the weld side and the other from the plate side of the plate opposite to the weld. The plate thickness was 12mm, although the weld itself was a few millimeters proud above the top surface of the plate (at 0mm), hence the negative values in position. The shifts needed to move the two strains onto the average value in this case were ±0.54 mm. Fig. 2. Measurement of strain on STRESS-SPEC using a 2mm input slit and 2mm radial collimator using a Si(400) monochromator

Results

Figure 4 shows the results of all the techniques employed. The simulation results (RESTRAX) lie between the measured values of the Si(400) and Ge(511) monochromators, the simulated Si(400) values being slightly higher than the Ge(511) values. The HZB E3 measurements are slightly higher than the FRM II STRESS-SPEC results, this is possibly due to the slightly greater input slit distance of 60mm compared to 50mm for STRESS-SPEC, this will be discussed below. The scattering angle for the E3 results was º86.5° hence the slightly difference GV diagonal values. The analytical values agree better with the Ge(511) results. Figures 5 and6 show a sensitivity test using RESTRAX regarding the input slit distance from the centre of the rotation of the diffraction instrument. The results show quite a pronounced change for the Si(400) monochromator compared to the Ge(511). In this case it is very important to keep the input slit distance constant throughout the whole measurement, especially in highly absorbing materials such as the one measured here. Figure 7 shows a sensitivity test of the monochromaor bending radius (for the Silicon monochromator) on the shift values. Here the change is somewhat smaller.

Discussion and Conclusions

The simulation results show that there should be little difference in the absorption shift when using the same input slit distance. The measurements however show somewhat different results. Using the Si(400) monochromator gave higher shift values than the simulations and the Ge(511) lower shift values. The HZB E3 Si(400) results agree with the FRMII STRESS-SPEC Si(400) results, showing slightly higher values due to the greater input slit distance. The analytical results however agree well with the Ge(511) results. Clearly further measurements need to be conducted, possibly as a round-robin exercise to understand the results better.

The presence of a nearby Ni(420) Bragg edge is expected at about 95.7°, well above the measurement value of 93° and any significant influence from this can be ruled out. Regardless of the differences, measuring the specimen twice, 180° to each other and taking the average (for the normal out of plane strain) is a good way to find the correct strain value for the correct position. If the gauge volume is not fully immersed (near the surface) then a more complicated situation occurs and should be taken into account accordingly. This technique only applies to the simple flat plate geometry. A curved surface would need simulation to correct for the strain values and this is why one needs to investigate further the differences presented here. The results here have of course been presented for constant wavelength angular dispersive (single Bragg peak) instruments. A more complicated situation may occur with multi-wavelength energy dispersive instruments (e.g. at spallation sources), where each peak represents a slightly different position of the centre of gravity of the gauge volume, as the absorption of neutrons is energy dependent. It is not sure if the 180° technique would work well with a complete Rietveld analysis of all peaks but would certainly work when each of the peaks are analyzed individually.

A sensitivity study using the RESTRAX simulations show that there is quite a change in absorption shift values as a function of input slit distance for the Si(400) monochromator. This implies that the slit distance should always be kept constant when measuring the out of plane normal strain directions, especially in highly neutron absorbing materials such a nickel and nickel alloys. The change with respect to monochromater bending radius, for the elastically bent perfect Si(400), is less sensitive. This is also a parameter that also should be kept constant during a measurement. 
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 1 Fig. 1. (a) Scattering angle in 2theta, measuring from both sides of the plate; (b) Out of plane geometry showing the displacement of the centre of gravity of the sampled gauge volume (SGV)
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 3 Fig. 3. Vertical mount of NeT Task Group 6 (TG6) weldment on STRESS-SPEC.
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 4 Fig. 4. Comparison of measurement, analytical and simulations of the shift values.
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 5 Figure 5. The influence of slit distance on the shifts using the Si(400) monochromator.
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 6 Figure 6. The influence of slit distance on the shifts using the Ge(511) monochromator.
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