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Overview

Special Issue on Residual Stresses

In the field of industrial engineering, a well known fundamental principle is that manufacturing-induced
residual stress states have a considerable influence on reliability, strength, and lifetime of components.
There is a great and still increasing demand to include existing residual stress distributions into design
rules. Consequently, for the full exploitation of the potential of highly and complexly loaded components,
e.g. for light weight constructions, the exact and reliable determination of existing residual stress distri-
butions is crucial. The availability of fast, reliable, and economic methods for residual stress analysis, there-
fore, is a key factor for the successful manufacturing of advanced materials and structures and for the
reduction of production costs. The correct consideration of residual stress states already in the design phase
of components based on modeling and simulation techniques is an important step towards short produc-
tion cycles, to increase the degree of safety and reliability of relevant parts as well as for the economical use
of materials.

A variety of destructive or nondestructive types of methods for the analysis of residual stress states have
been developed in the past, based on the physical consequences of residual stresses in materials and com-
ponents. The situation is characterized by a partially complex scientific basis as well as by manifold and
different requirements of the industrial users. The intensive cooperation between researchers in the field of
residual stress analysis and industrial users of the methods—as well as manufacturers of devices for residual
stress measurement—over the years has led to significant progress in this interdisciplinary field. Typical
methods that are today well accepted and widely used for industrial applications are diffraction techniques
(X-ray diffraction, neutron diffraction), mechanical methods (sectioning techniques, hole drilling, contour
method, etc.), but also ultrasonic techniques as well as magnetic methods that have been developed and
applied with increasing success. For diffraction techniques as well as for the hole drilling method, standards
of good measurement practice have been determined. They describe the proper application of measurement
techniques and possible errors, however, only for relatively simple standard cases. Experimental procedures
are more and more complemented by theoretical methods, which allow for the simulation of the residual
stress generating processes. Combinations of experimental and theoretical methods are increasingly gaining
importance, especially during the design phase of components.

This special issue of Materials Performance and Characterization presents 33 papers on origins, deter-
mination, and assessment of residual stresses in technical components. The articles describe the latest
advances in measurement techniques and applications for technical components. Metallic as well as poly-
meric and composite materials are considered. Welding and surface treatment processes and the associated
formation of residual stress fields are important areas of application. Other aspects that are addressed are
heat treatment and stress relief, additive manufacturing and forging.

Copyright © 2018 by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. v
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