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Different diffraction techniques are being used for the analysis of residual stresses in the bulk. The 
advantage of X-rays from a synchrotron source is the high intensity enabling high spatial resolution 
or fast measurements. The possibility of fast measurements can be used either for producing large 
two and three-dimensional strain maps or for in situ analyses of fast processes. In the year 2000 
conical slits (CS) were proposed for depth-resolved diffraction measurements [1]. CS have several 
concentric slits that are focussed on a spot within the sample by their conical shape (Fig. 1). With 
CS complete diffraction rings can be measured, except for small regions where material is required 
for the mechanical stability of the slits. Thus, CS enable depth-resolved residual stress analysis 
using a monochromatic X-ray beam with a high photon energy. CS for cubic as well as hexagonal 
crystal structures were obtained from Institut für Mikrotechnik Mainz (IMM) and had been tested 
and used for residual stress analysis at the HZG beamline HEMS (High-Energy Materials Science) 
at PETRA III [2].  

The adjustment of a CS is relatively simple with a hexapod. The CS can be scanned horizontally 
and vertically through the beam and rotated around any virtual axis (defined by the Pivot point). 
The depth resolution depends on the width of the conical slits (20 µm), the energy spread of the 
beam as defined by the bent Si (111) monochromator, and on the cross-section of the beam. The 
depth resolution can be determined by scanning a thin foil parallel to the beam across the focus 
point of the conical slit and recording the diffraction pattern on an area detector. The program 
FIT2D was used for data reduction [3].  

A problem in the application of CS arises with increasing grain size of the investigated material. 
Because of the small beam divergence and cross-section, the number of diffracting grains is small 
in comparison with neutron diffraction. It gets even smaller with higher depth resolution, which 
requires reducing the beam cross-section. As a result, no homogeneous intensity is observed on the 
diffraction rings, and spots coming from single large grains appear. Consequently, conventional 
data analysis, relying on a statistical mean value over a large number of grains, does not work 
properly.  

Some commercial Al alloys are well known for a relatively large mean grain size. This is especially 
a problem of cast alloys, and corresponding alloy development aims at reducing the grain size of 

industrial cast Al alloys. We have studied samples of 
a cast Al alloy with a mean grain size well below 
100 µm using CS. A photon energy of 74.5 keV and a 
beam cross-section of 0.3 mm × 0.3 mm was used for 
analyzing the Al (311) reflection, giving a depth 
resolution of 2.2 mm. Even with this configuration 
with a rather large gauge volume size, there are only a 
few spots on the diffraction ring, preventing any 
reasonable data analysis (Fig. 2a).  

One way for improving the grain statistics is 
introducing a sample rotation for bringing more grains 
into reflection condition. To avoid smearing of the 
gauge volume, and thus destroying the spatial 
resolution, it is essential to rotate the sample around 
axes through the gauge volume centre. This is 
possible by the use of a hexapod for sample rotation, 
which is available at HEMS. By adapting the Pivot 

 
Figure 1:  Sketch of a conical slit with 

several concentric rings focussed on a spot.



point for each measurement point on a scan line, the rotation axes can be maintained within the 
gauge volume. Already with a rotation of ±2° around two perpendicular axes, the signal can be 
significantly improved (Fig. 2b). The intensity on the diffraction ring is still inhomogeneous, but an 
analysis in terms of residual stresses is possible. There is only a small influence of the sample 
rotation on the spatial resolution, increasing the lateral dimensions of the gauge volume. (Fig. 3).  

Another method of improving grain statistics is lateral shifting of the sample in a direction where 
stress gradients are small. The best strategy depends on the specific sample and stress state. The 
need for improved grain statistics imposes additional complexity on residual stress analyses in the 
bulk with high energy X-rays, but in some cases there may not be many alternatives since the 
lateral resolution is still high and data acquisition times still can be short with a fast hexapod.  
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a)  b)  

Figure 2: Detector image with Al (311) diffraction ring between the two circles, without sample rotation (a) 
and with sample rotation for ±2° around two axes (b).  

a)  b)  
Figure 3:  Schematic drawing of the gauge volume (a) and the effect of the rotation of the sample for ±3° 

around two axes (b). 


