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tails on the analytical modeling technique, particularly calculations within the thermal
domain, which governs thermal softening behavior and near-surface tensile residual stress;
interested readers are referred to the author's previous work [ 20]. Based on experimental
observations and successful modeling efforts, the author hypothesizes that there exists a
distinct temporal and causal separation of mechanical and thermal effects in three distinct
phases, i.e., Mechanical Stress Formation, due to shear deformation (Phase 1), followed
by Thermal Stress Formation, due to thermal expansion (Phase 2) and �nally, Stress Equi-
libration (Phase 3) (see Figure 3). This hypothesis should be considered to be somewhat
non-intuitive, due to the interwoven (i.e., generally simultaneous) thermo-mechanical
nature of workpiece material elastic and plastic deformation during machining.

Figure 3. Schematic Representation of the Three Proposed Phases of Residual Stress Formation during Machining and
Burnishing, based on the approach laid out in [20].

The primary reason for the (limited) spatial and temporal separation of mechanical
and thermal effects is to the presence (or lack) of the `protective' hydrostatic stress �eld
underneath the sliding and indenting tool edge radius and trailing edge (�ank face),
where elastic springback due to the minimum chip thickness effect lead to extended
tool and workpiece contact. Once the tool has passed, and the workpiece surface is
unconstrained, the residually hot surface is free to thermally expand and yield plastically,
which occurs relative to the rigid (and relatively cold) sub-surface. This tensile yield only
occurs after (generally compressive) stress has already been induced due to mechanical
effects, and so the tensile yield due to thermal expansion will be in superposition with
prior mechanical residual stresses. Each workpiece material has a characteristic `critical
temperature', beyond which tensile stress will be induced as the equivalent stress due to
thermal expansion exceeds the yield strength. Therefore, certain cooling and lubricating
strategies (e.g., cryogenic machining), or low cutting speeds are expected to yield primarily
compressive residual stress �elds. Likewise, high-speed, low mechanical load processes,
such as grinding, are expected to result in pronounced tensile stress states.

3.2. Thermal Domain Considerations

The highly localized heating and thermal loading on the workpiece surface during
tractional sliding is one of the key characteristics of machining and �nishing processes.
The amount of heat being generated depends primarily on the sliding pair of tool and
workpiece material (i.e., the amount of sub-surface plastic work being done, and the surface
traction boundary condition), and the resulting temperature pro�le depends primarily
on the thermal properties of the workpiece material. Put another way, sliding generates
heat, and this heat input results in temperature rise according to the response of the atoms
within the workpiece. The heat source intensity can be modeled as a line heat source of
half width a, with intensity proportional to the friction force and sliding speed. For more
information on thermal sub-domain modeling, the reader is again referred to the author's
previous work in [20].


