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Abstract

The goal of the thesis is the identification of analytical process models for the prediction
and adjustment of surface states in order to enable the controlled turning of AISI 4140.
The surface states aimed at are a low surface roughness, mechanically induced nano-
crystalline white layers and compressive residual stresses. The regarded process pa-
rameters and thus model inputs are the cutting velocity, the feed, the depth of cut, dry
and emulsion cutting, the tempering state of the workpiece, the tool corner radius and
the tool wear. The surface topography is quantified by the roughness R, while the sur-
face work hardening and the microstructural state are quantified by the increase of the
Vickers hardness HV 0,005 in the specimen cross section. Furthermore, the axial and
the tangential normal components of the workpiece stress tensor are analyzed. Not only
the surface values are modeled, but also the minimum stress values and the in-depth
range of the stresses. The high measurement costs and the complex generation mech-
anisms motivate the simulation of workpiece residual stresses by the Finite Element
Method, which is presented as well. The developed Finite Element model is based on
thermomechanical loads, which act on the workpiece and represent the tool engage-
ment and the chip formation. The FE-Simulation permits to understand and confirms
trends of the empirical-analytical residual stress models. Thereby robust model depen-
dencies are identified, which paves the ground for the adjustment and control of the
turning process.
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