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Introduction

Materials and components of technological and industrial interest can present Residual
Stresses (RS), that can be generated during the manufacturing process - e. g. extruding,
welding, and forging -, or as a consequence of plastic deformations or thermal treatments.
When RS add to external loads, they can enhance fatigue processes, earlier inducing failure of
the component. Is=4his-pa£Ler, Hxamples of RS determination in industrial applications are
reportedytfne ^ ^ a i s 1 AA 6082 alloy extruded samples, the other FegSi4s a 2,25CrlMo
ferritic steel welded pipe after thermal treatment. Other examples are shown, succesisively,
concerning particular industrial problems which need to be studied also by adopting the same
technique.

Layout

RS measurements by neutron diffraction have been performed considering, after annealing, an
Al alloy AA6082 extruded sample submitted to low quenching rate, and another one
submitted to high quenching rate. This alloy is normally used for extruded components, and
widely adopted in European structural applications. The measurements have been performed
using the E3 diffractometer of the Hahn-Meitner-Institut, Berlin. The analysed extruded
samples were submitted, before the measurements, to an annealing process at high
temperature; then, a sample was submitted to low quenching rate, and another one submitted
to high quenching rate. The samples were of cylindrical shape (height = 50 mm; diameter =
100 mm). The measurements were performed corresponding to gauge points aligned along
radial straight lines, parallel each to the other. In particular, the (331) reflection was
considered. The obtained RS values are reported in figure 1. The considered experimental
error for the same values was ± 20 MPa.
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Fig. 1 - RS values a (GPa) versus radius R (mm) - AA6082 samples

79



The results show, in particular, • the effect of the different quenching rates, and the
consequence of the extrusion process.
RS in a 2.25CrlMo ferritic arc welded pipe after relaxation heat treatment were determined
using the G5.2 diffractometer of the Orphee reactor at LLB, Saciay (F). Such kind of pipe is
adopted for heat exchangers, and its constitutive material is often preferred instead of
austenitic steels, for the reduced weidability problems that it presents. Results have shown
that the treatment has been effective, even if not totally, in smooth the RS profile, and that it
is not lost the memory of the initial mechanical treatment.
Anther example concerns automotive technology, where the stress concentration factor in
particular shape components can lead the material to failure. This is the case of RS on the
tooth-ground of gear wheels, where the teeth root frequently undergoes to cracking when
tensile RS are present in surface layers, as typical loads are impulsive and very high. Critical
points couid be located either at the teeth root, or at the midway of two consecutive teeth. A
shot peening process of on the surface couid replace surface tensile stresses with compressive
ones (fig. 2); so, in shot peened gear wheels, compressive RS on the tooth ground yet
represents a problem.
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Another application is the determination of RS distribution on the brake-disks (fig. 3), as a
function of the depth from the surface.
A critical problem that can be studied with neutrons is the stress-corrosion in LPG tanks,
which creates inter crystalline and intergranular cracks. These defects are consequence either
of the construction technique of the tanks, or of the presence of aggressive element in the
same gas. The tensile corrosion is remarkably amplified by the successive circumferential
welding. Figure 8 shows traversing longitudinal and transversal cracks near welded joins of
GPL tank. ~

Neutron diffraction could be useful, in this case, in order to know the spatial and directional
distribution of internal RS before and after eventual heat treatments of samples of the same
material.
In the frame of a more direct co-operation with Italian Industry, seminars are organised by
Rogante Engineering Office - on neutron techniques and facilities - directly at the single.
Italian industries. Such interaction is allowing, in a very concrete way, to know industrial
needs, and can contribute to the development either of the national technology, or of the
sample environment apparatus.
[1] - M. Rogante, Ph. D. thesis, University of Boiogna, 1999.
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