Example 1:
The AZ31 magnesium alloy treated with surface mechanical attrition treatment (SMAT) for 10 minutes exhibited improved tensile strength (89 MPa) and a reduced corrosion rate (0.1 mm/year). However, when the SMAT duration was reduced to 5 minutes, the tensile strength dropped significantly to 70 MPa, and the corrosion rate increased to 0.5 mm/year. Similarly, extending the SMAT duration to 15 minutes also resulted in a decrease in tensile strength to 80 MPa and an increased corrosion rate of 0.4 mm/year. This indicates that both shorter and longer SMAT durations negatively affect the alloy’s performance.
Example 2:
Several factors influence the tensile strength of a surface mechanical attrition treated (SMATed) alloy, including:
1. SMAT Duration: The time of treatment directly affects the grain refinement and surface hardening. Optimal duration enhances tensile strength, while too short or too long durations may reduce it due to under or over-processing.
2. Grain Size Refinement: SMAT induces grain refinement near the surface, and finer grains generally lead to improved tensile strength due to the Hall-Petch effect. However, excessive refinement or grain coarsening can reduce strength.
3. Surface Work Hardening: The extent of plastic deformation caused by SMAT improves tensile strength. If the deformation is too low, the strength gain is minimal, and if it is too high, excessive strain hardening can lead to brittleness.
4. Residual Stresses: SMAT introduces compressive residual stresses on the surface, which improve strength. However, excessive residual stresses can cause microcracks or distortion, reducing tensile strength.
5. Microstructure Changes: Phase transformation, dislocation density, and texture modification in the SMATed layer affect tensile strength. Optimal microstructure enhances mechanical properties, while defects like voids or dislocations may weaken the alloy.
6. Surface Roughness: SMAT increases surface roughness, which can affect tensile properties. Excessive roughness can act as stress concentrators and reduce tensile strength.
7. Temperature Effects: SMAT generates heat, which may cause localized softening or phase transformations, affecting tensile strength.
8. Material Composition: The alloy’s composition, especially the presence of alloying elements, interacts with SMAT effects, influencing tensile strength differently for various materials.
9. Post-SMAT Treatment: Any post-treatment processes such as annealing or surface finishing may also alter the tensile properties by relieving residual stresses or further refining the microstructure.


