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Figure 1: Contour method measurement in a
valve seat.

The contour method is a mechanical measurement
technique for mapping residual stresses in engineering
structures. First introduced in 2000 [1, 2], it relies on
the surface deformation that results from stress
relaxation over a newly cut plane to calculate the
residual stresses that existed in the component before
the cut. The main advantage of the contour method is
its ability to produce a 2-D map of residual stress acting
normal to the cut surface. Other mechanical
techniques, such as hole drilling, deep hole drilling,
layer removal and slitting, produce single residual
stress line profiles. The typical uncertainty for the
Contour Method is around 30 MPa for steel and 10 MPa
for aluminium [3].

How the contour method works in principle
The Contour Method theory is based on Bueckner’s elastic superposition principle [1]. The infographic in
Figure 2 shows the initial residual stress distribution acting in the horizontal direction in a given structure
(step A). The plate is cut into two parts along the plane of interest (step B). This causes the cut faces to deform
elastically due to the relaxation of residual stress. The resulting deformations (the contours) are measured
using a surface profiling device with sufficient resolution (step C). After processing the data (step D), the
virtual stresses required to ‘force back’ the deformed surfaces to their original shape are calculated (Step E).
The results given in step F represent the initial stress distribution from step A acting normal to the plane of
interest.
An example of the surface plots for both halves and the 2-D residual stress map calculated using the FE
analysis is given in Figure 3.

How to perform contour method measurements in practice
The Contour method has been applied to a wide range of larger engineering components and to various
weldments [2, 5–9]. Recently, it has been extended to measure more than one component of the stress
tensor by using multiple cuts [10–12] and by combining it with other residual stress measurement techniques
[13, 14]. It has also been adapted to measure residual stresses using the surface topography of plane-strain
fractures [15, 16] for forensic studies. Unlike diffraction, magnetic and acoustic techniques, the contour
method is virtually insensitive to changes in microstructure resulting from effects such as welding thermal
cycles. These attributes are particularly useful for residual stress analysis in structures for many industries
such as nuclear & power, aerospace, petrochemical and transport.
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Figure 2: Contour method infographic.
As with other mechanical methods, it is assumed that the material behaves elastically during cutting and that
the cutting method does not itself introduce stresses to the cut surface. In practice, the nature of the cut is
the most significant contributor of uncertainty in contour method and a machining technique is required to
give a nominally flat surface for a planar cut profile while maintaining a thin and uniform width of removed
material. Wire electric discharge machining (EDM) is the preferred technique that best matches these
requirements though this limits the technique to being able to measure residual stresses in electrically
conductive structures only.
In addition to the difficulties associated with the machining itself, localised plasticity can occur during the
cut, invalidating the elasticity assumption. This is particularly relevant when the material has high residual
stresses relative to the yield stress. At The Open University, our colleagues developed optimised cutting and
clamping strategies that greatly reduce the risk and overall effect of localised plasticity [17, 18]. StressMap
routinely applies these cutting-edge techniques to deliver the highest quality in residual stresses
measurements with the contour method.

Examples
With permission from our partners, we showcase selected measurements using the contour method in our
projects page. These range from residual stress measurements in additive manufactured aerospace
structures to medical prosthetic knee replacement implants.
We are constantly working to add more examples, so if you want to learn about our latest updates, follow us
on LinkedIn, Facebook or Twitter.
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Figure 3: Residual stress in an electron beam welded Ti-6V-4Al alloy.
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