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Innovative, thermomechanically coupled metal forming technologies for steels—as
e.g. the process of simultaneous hot/cold forging—make use of a locally and tem-
porally varied temperature distribution in the workpiece to realize an efficiently
arranged process design. Hence, it is taken advantage of the temperature depen-
dency of metallic materials in order to archive high degrees of deformation at lower
forming forces in heated parts of the workpiece, respectively, strain hardening and
less thermally induced distortion in the cold formed areas, which allows for the
reduction of process steps and production costs.

From the viewpoint of computational modeling, it is a challenging task to configure
a robust process design for such a complex forming strategy with an inhomogeneous
temperature field, which in particular requires a sufficiently accurate description of
the influence of the temperature on the macroscopic material properties. Hence, it is
necessary to consider realistically the complex and temperature dependent interacti-
ons of deformation induced hardening and thermally activated recovery processes as
well as the sensitivity with regard to the deformation rate within the total relevant
temperature range. However, the current state of art models of thermoviscoplasticity
fail to meet this complicated requirement.

The thesis at hand is addressed to thermomechanically consistent material mo-
deling with a focus on metal forming technologies with differential thermal process
control. Based on the modeling approaches from the literature, a thermoviscoplastic
constitutive theory is proposed for the application in simultaneous hot/cold forming
analysis. The material model comprises isotropic and kinematic hardening with ther-
mally activated, static recovery as well as strain rate sensitivity and an improved
prediction of energy storage and dissipation processes during viscoplastic deforma-
tion, with all its issues depending on temperature. In this context, the concept of
rheological models is enhanced to provide a tool for the systematical constituti-
ve modeling in the field of thermoviscoplasticity. For this purpose, the well-known
rheological basic elements are modified or supplemented by novel ideal bodies to
allow for the representation of all aspects of material theory mentioned above by
means of the enhanced rheological model. Moreover, the yield function and the flow
rule of the viscoplastic strains emerge from the balance of stresses of the rheologi-
cal network according to the line of argumentation, demonstrated for deducing the
constitutive equations. Additionally, each individual basic element of the network is
clearly related to energy storage or dissipation processes.

The material theory, initially formulated for small strain plasticity, is generalized
for the applications of finite deformations under the restriction of small elastic strains
and it is implemented into a commercial FE program. The material parameters
are identified for the steel alloy 51CrV4 with an optimization tool. The associated
validation is accomplished by means of the numerical analysis of the simultaneous
hot/cold forming process of a shaft with a flange, verifying that the material behavior
of steel may be very well reproduced by the constitutive model proposed.


