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Non-destructive

Non-destructive
Stress Mapping

Completely non-destructive and highly
accurate: neutron diffraction is used to
determine internal residual stresses in
crystalline materials (e.g. metals,
alloys, ceramics and composites).
Neutrons can probe several centimeters
beneath the surface—well into joints,
internal components and other critical
sub-surface regions vital to the
performance of materials and
engineering components. The spatial
resolution (defined by a volume
element) rangesfrom0.2t0 1,000mm°.

Figure 1: Determining the thermal evolution
of stressin a 3-component (Inconel, Zr-
2.5%Nb, & Stainless Steel) rolled joint.
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The resolution in lattice strain is of the
order 0.01%.

New Product Development

Information on residual stresses at the
design stage can help to optimize the
performance and reliability of new
products. Prototypes can be evaluated
and compared against cal cul ations.

Process Evaluation

Knowledge of the development of
residual stressin componentsat various
stages of production—extrusion,
rolling, machining, welding and heat-
treating— can be used to optimize
processes and improve product
reliability and performance.

Problem Solving

Residual stress data can help in
determining the causes of failures so
that appropriate remedial action can be
taken. With neutron diffraction,
accurate measurements can be obtained
deep within a joint or below highly
corroded or fouled surfaces. Neutrons
penetrate right through the surface
region, no surface preparation is
needed.
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The Technique

When an incident neutron beam strikes
a specimen it is diffracted at an angle
that depends on the distance between
the planes of atoms. This angle is
measured with aneutron diffractometer
andthedistancecalcul ated.

The technique requires an intense
neutron source and precise alignment of
the neutron beam. At Chak River,
neutrons are provided by the high-flux
NRU researchreactor.

Measurement locations are defined by
precise, computer-controlled specimen
trandations and rotations. Specimens
can range in size from a few grams to
500kg.

Applications

The depth to which neutrons will
penetrate depends on the type of
material, but isapproximately 30 mmin
steel and 300 mm in auminum. This
allows the technique to be applied to a
wide range of important engineering
materials and full-scale critical
components.
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For more information contact:
Alastair Mclvor

National Research Council Canada
Chalk River Laboratories

Chalk River, Ontario

Canada, K0OJ 1J0

Circumferential Position (deg.)

Phone: 1 (613)584-8811 x6274
1 (888) 243-2634
Fax: 1 (613)584-4040

E-mail: Alastair.Mclvor@nrc.gc.ca

http://neutron.nrc.gc.ca
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