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The increasing demand on light weight and efficiency of modern combustion engines requires the 
implementation of light alloys with improved high temperature strength and creep resistance. 
Particularly, the cylinder head must be able withstand multiple thermo-mechanical loads that can lead 
to stress-induced crack formation under operation conditions. Thus, new cast AlSi alloys are developed 
for structural parts to increase their long term stability in an engine. In cast components with complex 
shapes and composite-like microstructures, as it is the case of cast AlSi alloys, a superimposed macro-
micro stress state influences crack formation and damage evolution. Models have been developed to 
simulate macroscopic stresses generated during casting and predict failure initiation in heterogeneous 
cast alloys on the microscopic scale. Although some effort has been made to validate these models 
experimentally, several unsolved physical matters have so far restricted their success of non-
destructive internal stress analysis. 
The grain structure of shape-ready produced components is coarse compared to small test specimens 
due to the slowly cooling rates after casting. Conventional non-destructive stress analysis like X-ray 
diffraction is limited by low grain statistics in a small gauge volume. Neutrons, which provide the 
highest penetration depth in metals, allow stress analysis deep inside bulk components with improved 
grain statistics in large gauge volumes. The alignment of samples with complex geometries is critical 
to avoid the gauge only be partial flooded by the beam, causing unpredictable surface effects. In the 
present work, X-ray tomography (XCT) was applied to image the internal structure of a cylinder head 
component of AlSi7MgCu for diffraction alignment. The real sample geometry and simulated stress 
results were overlapped three-dimensionally to allow in-axis strain mapping into the calculated 
principal stress directions using a robot sample positioning system at the StressSpec strain scanner at 
the high flux neutron source FRMII, Munich. 
The heterogeneous microstructure of cast AlSi alloys causes local stress gradients by a combined effect 
of load partitioning between α-Al and Si phase and the CTE mismatch during changing temperatures. 
In-situ neutron diffraction during tensile testing was applied on StressSpec at FRMII for phase 
sensitive stress analysis in AlSi7MgCu. The results reveal the elasto-plastic deformation behavior 
between α-Al and Si. Complementary high resolution synchrotron tomography was applied on ID19 at 
ESRF on the same tensile test specimens as used for micro stress analysis to qualify the stress-induced 
damage mechanism in AlSi7MgCu.  
The results obtained in each set of experiments allow analyzing the influence of macro stresses on 
micro stress distributions and internal architecture of cast AlSi alloys on damage formation in cast 
engine components. 
Two examples of CT techniques are shown on different length scales complementary to non-
destructive stress analysis by neutron diffraction. A new procedure for determination of elasto-plastic 
deformation in cast components will be proposed, with promising capabilities for industrial 
applications.
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