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Abstract 
 

The main objective of this work is experimental verification of resistance heating solver which is an integral part of a 
computer aided procedure of yield stress investigation of steels at very high temperature. The procedure of strain-stress 
curves investigation connect the possibility of the Gleeble thermo-mechanical simulator with developed by authors dedi-
cated FEM system (called Def_Semi_Solid v.5.0). Hence, the temperature distribution inside the tested samples should be 
mapped with a high level of accuracy. Due to the very high sensitivity of the material rheology to temperature changes, 
the testing procedure requires as uniformly distributed temperature as possible. The basic reason for non-uniform tem-
perature distribution within the sample is its contact with copper jaws of the simulator during heating process. In the paper 
the influence cooper handles for temperature distribution inside the samples was analyzed. Finally, the comparison be-
tween experimental and theoretical results was accomplished in order to estimate the quality of developed solver. 
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1. INTRODUCTION 

Deformation processes  of steels in semi-solid 
state and its resistance heating up to close solidus 
line are effectively supported using physical simula-
tions (Hojny et al., 2009). One of the possible meas-
uring machines that could be applied for analysis of 
such processes is the Gleeble thermo-mechanical 
simulator (figure 1). 

Material testing of semi-solid steel should be 
carried out in isothermal conditions (as isothermal as 
possible) due to the very high sensitivity of steel 
rheology to temperature changes. The resistance 
heating is the first stage of testing procedure. The 
current intensity is adjusted automatically by the 
Gleeble equipment in response to the difference 
 

 
Fig. 1. The standard Gleeble equipment allowing deformation 
is semi-solid state. 

between the required and measured temperature. The 
temperature is measured by a thermocouple welded 
to the sample surface in the middle of its height. 
After heating, the specimen is ready to mechanical 
test. In temperature range below so called Nil Duc-
tility Temperature (NDT) the deformation of sam-
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ples subjected to the tension or compression is fairly 
homogenous temperature (Hojny & Głowacki, 2009; 
Hojny & Głowacki, 2008). In such a case applica-
tion of standard testing procedure based on simple 
approximation of stress curve on the basis of re-
corded deformation and force is possible. For higher 
temperatures the inverse analysis was required due 
to strong strain inhomogeneity, which results in 
significant barreling of the sample. The inverse 
analysis is as good as the applied process simulation 
model (Hojny & Głowacki, 2009; Głowacki & Ho-
jny, 2009). The core of the analysis is  a dedicated 
hybrid numerical-analytical thermo-mechanical 
FEM system with variable density developed by the 
authors. The solver of the system allows simulation 
of both tension and compression of samples being in 
semi-solid state. Inverse solution model was devel-
oped in order to enable the study of mechanical 
properties of selected steels. Apart from modules 
enabling the computation of temperature, strain, 
stress and density fields, the system was equipped 
with supporting modules: an input/output data inter-
face, a advanced module dedicated to visualization 
of numerical results, an approximation module and 
an inverse analysis subsystem. The proposed meth-
odology of flow stress investigation can be divided 
into several steps. The general scheme of computer 
aided testing procedure is presented in figure 2. 
 

 
Fig. 2. The scheme of computer aided methodology of develop-
ment of  strain – stress curves with the help of the dedicated 
FEM system. 

As was mentioned, material tests in the semi-
solid state should be carried out in as isothermal 
conditions as possible due to the very high sensitiv-
ity of material rheology on small changes of tem-
perature. This is why temperature distribution inside 
the tested samples should be analyzed. The basic 

reason for non-uniform temperature distribution 
inside samples on the Gleeble simulator is their 
contact with cooper handles during resistance heat-
ing (figure 3 and figure 4).  
 

 
Fig. 3. The handle with long contact zone with sample (so-
called "cold handle"). 

 

 
Fig. 4. The handle with short contact zone with sample (so-
called "warm handle"). 

2. NUMERICAL MODEL OF THE 
RESISTANCE HEATING 

The samples in the Gleeble system are heated 
by direct resistance Joule heating when an alternat-
ing current is passed into the samples through the 
system anvils. The level of current is regulated 
automatically in response to the difference between 
the prescribed temperature and the real temperature 
measured by a thermocouple welded to the surface 
of the samples at the middle of their heights. The 
temperature field is a solution of Fourier-Kirchhoff’s 
equation with convection. The most general form of 
this equation can be written as: 

 

0)( 













 



 Tv
T

cQTkT 


  (1) 

where T  is the temperature distribution inside the 
controlled volume, k  denotes the isotropic heat 
conduction coefficient, Q  represents the rate of heat 

generation due to the plastic work done and c  de-
scribes the specific heat. The solution of equation (2) 
has to satisfy the boundary conditions. The com-
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ZMIANY TEMPERATURY PODCZAS ETAPU 
NAGRZEWANIA REALIZOWANEGO W RAMACH 

PROCEDURY TESTOWEJ WYZNACZANIA 
NAPRĘŻENIA UPLASTYCZNIAJĄCEGO W UKŁADZIE 

SYMULATORA GLEEBLE® 

Streszczenie 
 
Głównym celem prezentowanej pracy jest eksperymentalna 

weryfikacja solvera symulującego nagrzewanie oporowe. Moduł 
symulujący nagrzewanie oporowe jest integralną częścią opra-
cowanej przez autorów komputerowo wspomaganej procedury 
wyznaczania krzywych odkształcenie-naprężenie dla stali od-
kształcanych w bardzo wysokich temperaturach. Procedura 
wyznaczania krzywych odkształcenie-naprężenie łączy duże 
możliwości badawcze symulatora termo-mechanicznego  
Gleeble® z opracowanym przez autorów dedykowanym syste-
mem MES (Def_Semi_Solid v.5.0). W związku z tym, rozkład 
temperatury w objętości próbki powinien być wyznaczony 
z bardzo dużą dokładnością. Z powodu dużej czułości wartości 
naprężenia uplastyczniającego na zmianę temperatury, pro-
cedura testowa wymaga w miarę jednorodnego pola temperatu-
ry. Głównym powodem powodującym niejednorodność pola 
temperatury w objętości próbki, jest jej kontakt z uchwytami 
miedzianymi symulatora podczas symulacji nagrzewania. 
W artykule przedstawiono wpływ użytych uchwytów miedzia-
nych na rozkład temperatury w objętości próbki. Końcowym 
etapem było porównanie wyników otrzymanych na drodze 
eksperymentu i symulacji komputerowej co pozwoliło na osza-
cowanie jakości opracowanego modułu nagrzewania oporowe-
go. 
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