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Abstract

Formability improvement has been in focus in view of commercial benefits, forming intricate
shapes and improve in strength to weight ratio. Research in this area has spawned along many

avenues, one of which is formability improvement through manufacturing optimisation.

Room temperature formability has been improved with the introduction of non — linear and time
dependent slide motion. Use of non-conventional punch motion has been found to improve
drawability over traditional V - shaped punch motion. These studies show that altering the strain
path provides an effective way forward in improving formability of metals. Intermittent stopping
of a typical tensile test results in stress drop and is referred to as stress relaxation. Such intermittent
stops either during a tensile test or during sheet metal forming process, has shown improvement in

ductility of the deforming samples.

Stress relaxation test is one of the transient tests and refers to the reduction of applied stress with
time in a pre-stressed material. The stress drop behaviour has been extensively studied to evaluate
various mechanical and metallurgical parameters related to thermally activated plastic deformation
such as internal stress and activation volume. However, the contribution of stress relaxation to

improvement in ductility has not been studied extensively.

The present work aims to understand the underlying mechanism of improvement in ductility due to
stress relaxation. The work approaches the above statement by carrying out a) systematic uniaxial
tensile stress relaxation and repeated stress relaxation tests in SS316 stainless steel and pure
magnesium, b) microstructural characterization, and ¢) modelling the stress drop data obtained

through stress relaxation tests.



The study also introduces a novel technique where a combination of macro indentation stress
relaxation test and nanoindentation to understand the underlying mechanism. In addition, uniaxial
stress relaxation test was carried out at micro scale in-situ in a scanning electron microscope to
capture the microstructural changes during the test. With the data obtained through microstructural
characterization, the novel technique and in-situ tests, the study propose and verify the underlying

mechanism of improvement in ductility through stress relaxation.

Finally, post reviewing the existing models used to model the stress drop data, the study comes up
with an advanced phenomenological model that not only overcomes the limitation of existing

models but also is in line with the proposed mechanisms.
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