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Abstract 
 

A review of the developed numerical models for simulation of the bulk metal forming processes that take into ac-
count influence of the strain path change on material flow is presented in this paper. The strain patch change effect influ-
ences many crucial properties of the deformed material i.e. leads to increase in ductility. That provides a possibility of 
forming materials, which are difficult to form in a conventional manner. In recent years a lot of experimental and numeri-
cal research have been done on development of these new non-conventional bulk forming processes. The main advan-
tages and limitations of the modified forging, extrusion and simple compression tests are summarized and presented in 
this work. Difficulties in development of the complex rheological model that takes in to account both thermal and struc-
tural changes in the deformed material are also discussed. 
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1. INTRODUCTION 

Accuracy of numerical simulations of metal 
forming processes depends, to a large extent, on the 
correctness of description of material rheological 
properties as well as mechanical and thermal bound-
ary conditions. It seems that this accuracy is particu-
larly important in the case of forming processes with 
induced strain path change. There are two main 
mechanisms that significantly affect material behav-
ior under those conditions. The first is effect of the 
heat generation on material flow under deformation. 
Increase in the temperature during material process-
ing is well known in literature for many years. This 
effect is also taken into account by most of the Finite 
Element (FE) models used in industry.  

Contrary, the second effect, which is a discon-
tinuous microstructure evolution is little know. In 

literature there is a lack of detailed description of the 
basic mechanisms leading to i.e. micro shear bands 
development, when material is subjected to the 
change of the strain path. Some aspects of this phe-
nomenon are discussed in [4], where author claims 
that a change in the deformation scheme and in-
crease in temperature can cause instant initiation of 
micro shear bands in metallic materials. It seems that 
under these conditions shear bands become the ma-
jor mode of plastic deformation. Interesting observa-
tions are presented in [3], where a simple change in 
the strain path and its influence on the flow curve 
were investigated. Two deformation modes were 
applied, torsion-tension-torsion, and torsion-torsion-
torsion, as presented in figure 1. Flow stress ob-
tained from the measurement for the 1st and 3rd steps 
is presented schematically in figure 2. 
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Figure 2 shows drop in the flow curve when de-
formation path changes, what is a result of the de-
velopment of micro shear and shear bands leading to 
strain localization. This observations confirm a posi-
tive effect of the strain path change on materials 
processing. However this effect is less pronounced 
when the second deformation scheme was applied.  
 

 , 

 
Fig. 1. Schematic illustration of the performed tests with the 
change in the strain path [3]. 

 
Fig. 2. Flow stress achieved from torsion–tension–torsion and 
torsion–torsion–torsion tests [3].  

Other works consider cyclic deformation where 
change in the strain path occurs many times [2]. The 
main focus is on the effect of the strain path change 
on the macroscopic material properties and not on 
the physical aspects leading to initiation and devel-
opment of the strain localization.  

The main advantage provided by mentioned 
temperature changes and micro shear band devel-

opment during the strain path change is an increase 
in the forming capabilities of many materials, that 
are difficult to form by conventional metal forming 
operations. This behavior is also closely related to 
better filling of the die during i.e. rotary forging. An 
increase in the tool life can be expected as well.  

All these advantages are the reason why new 
non-conventional bulk forming processes are being 
designed and developed in laboratory and industrial 
conditions. To support these experimental investiga-
tions advanced numerical approaches are also re-
quired. Numerical simulation usually considers only 
one of the discussed phenomena, which is additional 
heat generation during strain path change. There 
have been attempts to take into account micro shear 
band development, however, due to the complexity 
of this phenomenon developed models usually de-
scribe material behavior in a quantitative manner, 
based only on continuum mechanics [9,10]. Multi 
scale modeling approaches based on discrete meth-
ods to model shear band development during mono-
tonic deformation can also be found in literature [6]. 
Modifications of this approach to simulate simple 
2D processes with the strain path change can be 
found in [7]. The major problem with these ap-
proaches is computational time that for the large 
industrial 3D cases is still inadequate for real time 
applications. That is the reason why most of the 
conventional FE numerical simulation neglect this 
effect and considers only influence of the heat gen-
eration. 

The main aim of this work is to present selected 
examples the FE numerical simulations of non-
conventional forming processes that take into ac-
count additional oscillatory movement of tools dur-
ing deformation.  

2. NUMERICAL MODEL 

As previously mentioned the FE numerical mod-
els can not easily take into account the effect of the 
strain path change that is related to the shear band 
development. They usually, (i.e. the commercial 
Forge 3 code used in this work) consider influence 
of the strain path change on temperature and strain 
rate changes during deformation. The Forge code is 
based on the Norton-Hoff law in the form: 

 ( ) ij

m

iij K εεσ &&
1

32
−

=  

where: ijσ – deviatoric stress tensor, ijε&  – strain rate 

tensor, iε& – effective strain rate, K – the material 
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bilansu energetycznego procesu wyciskania z wymuszoną 
zmianą drogi odkształcenia, Rudy Metale Nieżelazne, 51, 
2006, 260-266 (in Polish). 

 
 

MODELOWANIE PROCESÓW PLASTYCZNEJ 
PRZERÓBKI METALI Z WYMUSZONĄ ZMIANĄ 

DROGI ODKSZTAŁCENIA 

Streszczenie 
 
Przez kilka ostatnich lat wiele pracy zostało włożone od 

strony eksperymentalnej oraz modelowania numerycznego 
w opracowywanie niekonwencjonalnych procesów plastycznego 
kształtowania metali. Efekt zmiany drogi odkształcenia wpływa 
na wiele istotnych własności materiałowych np. wzrost pla-
styczności. To z kolei umożliwia odkształcanie materiałów 
trudno odkształcalnych. Zalety oraz wady procesów kucia, 
wyciskania oraz walcowania z dodatkową zmianą drogi od-
kształcenia są dyskutowane w ramach niniejszej pracy w opar-
ciu o wyniki symulacji numerycznej. Możliwość uwzględnienia 
w modelu MES wpływu efektów cieplnych oraz strukturalnych 
na makroskopowe zachowanie się materiału jest również omó-
wione w niniejszej pracy. 
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