
Unveiling the Hidden World of Residual
Stresses in Friction Stir Welding
The Fascinating Art of Friction Stir Welding

Friction Stir Welding (FSW) is a revolutionary technique that has transformed the
world of welding. Developed in the early 1990s by The Welding Institute (TWI),
FSW has gained widespread recognition for its ability to join materials in a solid-
state without melting. This advancement has led to stronger and more reliable
welded joints, making it a preferred choice in industries ranging from aerospace
to automotive.

The Mysteries of Residual Stresses

While Friction Stir Welding has undoubtedly revolutionized the welding industry, it
also presents a unique challenge in the form of residual stresses. Residual
stresses are inherent in all welded components and can have detrimental effects
on the structural integrity and performance of the weld.

Residual stresses are a result of non-uniform heating and cooling during the
welding process. As the rotating tool traverses along the joint line, it generates
intense heat that softens the material. However, upon cooling, the material
contracts unevenly, leading to the development of residual stresses. These
stresses can cause distortion, cracking, and premature failure of the welded
structure.
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Understanding the Sources of Residual Stresses

Residual stresses in Friction Stir Welding can be attributed to several factors:

1. Thermal Stresses: The non-uniform temperature distribution during welding
causes differential expansion and contraction, leading to thermal stresses.

2. Transformation Stresses: Phase transformations within the material during
the welding process can generate stresses due to volume changes.

3. Mechanical Stresses: The mechanical interaction between the tool and the
material can induce additional residual stresses.

The Impact of Residual Stresses on Welded Components

Residual stresses can have significant implications on the performance and
lifespan of welded components. Some of the key effects include:

Distortion: Residual stresses can cause the welded structure to deform or
distort, resulting in poor dimensional accuracy and fit.

Cracking: High tensile residual stresses near the weld zone can initiate
crack formation and propagate under applied loads.
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Fatigue Failure: Residual stresses reduce the fatigue strength of welded
components, making them more susceptible to premature failure under cyclic
loading.

Corrosion: The presence of tensile residual stresses can create preferential
sites for corrosion initiation.

Measuring and Mitigating Residual Stresses

Understanding and managing residual stresses is crucial to ensuring the
longevity and reliability of welded components. Various techniques have been
developed to measure and mitigate these stresses, including:

1. Non-Destructive Testing: Ultrasonic testing, X-ray diffraction, and magnetic
particle inspection are commonly used to identify and map residual stresses.

2. Post-Weld Heat Treatment: Applying controlled heating and cooling cycles
can help relieve residual stresses and improve the overall integrity of the
weld.

3. Pre-Weld Techniques: Proper joint design, material selection, and fixture
design can minimize the generation of residual stresses during welding.

Residual stresses in Friction Stir Welding may pose challenges, but they are not
insurmountable. By understanding the sources and effects of these stresses, and
applying appropriate measurement and mitigation techniques, the welding
industry can continue to embrace the advantages offered by FSW while ensuring
the structural integrity and performance of welded components.
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This book describes the fundamentals of residual stresses in friction stir welding
and reviews the data reported for various materials. Residual stresses produced
during manufacturing processes lead to distortion of structures. It is critical to
understand and mitigate residual stresses. From the onset of friction stir welding,
claims have been made about the lower magnitude of residual stresses. The
lower residual stresses are partly due to lower peak temperature and shorter time
at temperature during friction stir welding. A review of residual stresses that result
from the friction stir process and strategies to mitigate it have been presented.
Friction stir welding can be combined with additional in-situ and ex-situ
manufacturing steps to lower the final residual stresses. Modeling of residual
stresses highlights the relationship between clamping constraint and
development of distortion. For many applications, management of residual
stresses can be critical for qualification of component/structure.

Reviews magnitude of residual stresses in various metals and alloys

Discusses mitigation strategies for residual stresses during friction stir
welding

Covers fundamental origin of residual stresses and distortion
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