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Abstract

Titanium alloy TC4, renowned for its high specific strength, excellent corrosion resistance, and high-temperature performance,
is widely used in aerospace, energy equipment, and biomedical fields. However, it tends to generate significant residual stresses
during machining processes, severely affecting dimensional accuracy, fatigue life, and service stability of components. This study
analyzes the evolution patterns of residual stresses in TC4 alloy during cutting, grinding, and heat treatment processes, revealing the
stress formation mechanism under the coupled effects of thermal, mechanical, and phase transformation. The research demonstrates
that cutting temperature, feed rate, tool wear, and cooling conditions are critical factors influencing stress distribution. Based on
experimental and finite element simulation results, this paper proposes a multi-field coordinated control strategy incorporating low-
temperature cooling technology, vibration cutting, laser surface modification, and ultrasonic impact treatment to achieve effective
residual stress regulation and stress field optimization. The findings provide theoretical foundations and technical pathways for
improving precision machining and service performance of titanium alloys.
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