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Abstract. Press hardened steels like Usibor®1500 have high mechanical strength, making it possible to achieve 

weight savings for automotive applications. The hot stamping process of these steels comprises heating, forming and 

quenching. To increase productivity, a new process based on Joule effect is developed to heat blanks faster than with 

conventional electric furnaces. However, the core challenge with this process is to reach a homogeneous temperature 

field of the blank. Numerical simulation is used to optimize the heating of circular and cross-shaped blanks with a 

thermoelectric model. The influence of several parameters is analyzed to achieve a uniform temperature field.   

1 Introduction 

Press hardened steels like Usibor® 1500 are steel grades 

intended for use in automobile structural and safety 

components. The very high mechanical strength of the 

final part makes it possible to achieve weight savings of 

30% to 50% compared to conventional cold forming 

grades. However, these steels need to be formed at high 

temperature (in the austenitic state). This forming is 

followed by a fast quenching to obtain very high 

mechanical characteristics of the formed part [1].  
The ANR-funded PRICECAT project aims at 

developing an innovative progressive hot stamping 

process. This process enables an increase in productivity, 

space gains, energy savings, and to make more complex 

shape parts. A key component of this process is Joule 

effect heating which enables fast heating compared to 

conventional furnaces. The goal is to develop resistance 

heating for non-rectangular blanks thanks to a multi 

electrode heating device having a control loop for current 

control. 

The Joule heating process is already used in the 
industry [2], but only applied to blanks with simple 

geometry (rectangular, pipe). The aim of our project is to 

heat fast and uniformly blanks with complex geometries 

like those encountered in the automotive industry. 

However, current Joule effect heating procedures lead to 

high current densities where cross-sections are smaller, 

leading to severe overheating in these zones of the 

blanks. Thus, the challenge of Joule effect heating is to 

obtain a uniform temperature field on the whole blank. In 

the present work, a thermoelectric model is developed 

using COMSOL Multiphysics® to analyze several 

solutions in order to obtain uniform heating by Joule 

effect. Two different geometries of blank are considered, 

a circular and a cross-shaped blank. The influence of 

several parameters is investigated: the number of 

electrodes, the intensity and duration of electric current 

and a slight change in the geometry of the blank.  

2 Joule effect heating of a circular blank 

The first study concerns the Joule effect heating of a 

circular blank. The aim is two-fold: the development of a 
technical solution to heat uniformly this geometry and the 

integration in a bulge test device. This device is 

composed of a circular blank gripped on its perimeter 

between die and blank-holder, then heated by Joule effect 

using electrodes, finally deformed by an inert pressured 

gas (Fig. 1). However, this last step is not taken into 

account in the presented model below. This bulge test 

will be used for the characterization of Usibor®1500 

following a strain path which is rarely studied in the 

literature at high temperature, which is the equibiaxial 

strain path. 

 
Figure 1. Scheme of the bulge test device with Joule heating. 

In order to have a uniform temperature field in the 
free part of the blank, we decided to act on several 
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parameters such as the number, the shape, the position 

and the size of electrodes, the intensity and the time 

duration of electric current, and the number of 

simultaneously active pairs of electrodes. Here we focus 

on the number of electrodes and the electrical current 

application. 

2.1 Heating with one pair of electrodes 

The numerical model is described in a previous paper [3]. 

The tools (die and blank-holder) and the pair of 

electrodes are taken into account in a 3D thermoelectric 
model. The losses by radiation and convection are 

considered assuming grey body and constant convection 

heat transfer coefficients. The circular blank with a  

240 mm diameter and a 0.9 mm thickness is made of 

Usibor®1500 coated with AluSi®. For this simulation, 

thermal and electrical contact resistances are taken into 

account, equal respectively to 6.5.10-4m².K.W-1 and  

4.10-8Ω.m² measured at ambient temperature for a 0.47 
MPa contact pressure. An effective intensity of 6000 A is 

applied during 15 s. 

 

 
Figure 2. a) Temperature field (°C) and isotherms at t=15s; b) 
Density field (A.m-2), streamlines and vectors of current at 
t=15s (top view of the blank heated by one pair of electrodes) 

In the case of one pair of electrodes, the temperature 

field is not homogeneous in the free part of the blank 
(Fig. 2-a). Near the electrodes, hot spots are observed due 

to the constriction of electrical streamlines (Fig. 2-b). 

This effect is emphasized by the presence of contact 

resistances at electrode/blank interfaces. 

For these reasons, the circular blank heating with one 

pair of electrodes is not satisfying. According to the 

studies of Leibniz University in Hanover, one of the 

solutions to heat a blank with a variable section is to use 

several electrodes [4]. 

2.2 Heating with three pairs of electrodes 

In order to obtain a uniform temperature field, three pairs 

of electrodes are placed on the circular blank perimeter. 

They are activated alternately (Fig. 3-a,b). When a pair of 

electrodes is not active, it is not in contact with the blank. 

This rotational electrical current application aims at 

reducing hot spots near electrodes. After a pair of 

electrodes has been active for a defined period, it is 

inactive when it is the other pairs’ turn to supply power. 

 
 

 
Figure 3. a) Scheme of rotary activation of electrodes over the 

time, temperature field (°C) and isotherms at t=31s; b) Applied 
intensity during simulation 

The shorter the activation periods ta and the current 
intensities, the more homogeneous the heating. But 

smaller activation periods also lead to longer overall 

heating time because of more frequent thermal losses in 

the very short intervals between the deactivation of one 

pair of electrodes and the activation of the next one. This 

goes against our overall aim to heat fast. That is why a 

compromise between homogeneity and heating time has 

been found. It leads to a fast and homogeneous heating 
without hot spots near electrodes, with a 23 kW 

maximum power. With ta=3s (at the beginning), then 

ta=1s (after 24s) and an electrical intensity decrease over 

time (Fig. 3-b), the difference between the maximal and 

the minimal temperature within a circle of radius  

40 mm, centred on the blank centre (Fig. 3-a) is 30°C. In 

addition, circular isotherms are present, due to the 

conduction cooling through the die and the blank-holder. 
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3 Joule effect heating of a cross-shaped 
blank 

The geometry of blanks used to form automotive parts is 

very diverse. That is why, in order to study the potential 

of Joule effect heating for this application, different 

shapes of blanks have to be considered. A second study 
concerns the shape of a cross. This study focuses on the 

possibility of changing slightly the shape of the blank in 

order to reduce the local overheating and obtain a 

uniform temperature field. 

 

 

Figure 4. a) Temperature fields (°C) at t=23.8s, respectively for 
three fillet radii (mm) ; b) Temperature standard deviation as a 
function of fillet radius at t=23.8s 

 

Based on our experience of the Joule effect heating of 

a circular blank, we decided to study the heating of the 

cross-shaped blank with two pairs of electrodes, active 

alternately and placed on each branch. The temperature of 

each branch extremity is assumed to be equal to 50°C 

(Fig. 4-a). The 3D thermoelectric model is simplified for 

this study with a 2D model without convective losses. 
The cross-shaped blank is made of Usibor®1500 coated 

with AluSi® likes in the previous study. The model is 

also developed with COMSOL Multiphysics®, which 

enables parametric study on the geometry. The fillet 

radius is thus defined as a parameter ranging from 5 to 

200 mm. For each radius, the current density delivered by 

the electrodes is chosen equal to 2.9.107 A.m-2.  

The electric current is applied alternately to the pair of 

electrodes 1 or 2 (Fig. 4) with an activation time ta=2.3s 

for each pair. Figure 4-a presents the temperature field at 

t=23.8s for three fillet radii. It is shown that the increase 

of fillet radius decreases the overheating observed near 

the fillet and reduces the temperature at the blank center. 

These two phenomena lead to a more uniform 

temperature field. To quantify the thermal heterogeneity, 

the standard deviation of temperature is calculated for 

each fillet radius (Fig. 4-b), evaluated only inside the area 

defined by the dashed line (Fig. 4). An optimum of 

standard deviation is observed for a radius of 119 mm 

(Fig. 4-b). As long as the radius is smaller than 119 mm, 
bigger radius leads to smaller overheating in the radius 

and more homogeneous heating. But when fillet radius is 

bigger than 119 mm, bigger radius leads to underheating 

at the center of the blank and therefore less homogeneous 

heating.  

4 Conclusions and perspectives 

In order to investigate a fast heating technology for 

blanks made of press hardenable steels for automotive 

applications, a thermoelectric model has been developed. 

This model has been used to face the core challenge of 
fast heating for these applications – reach homogeneous 

temperature of the blank. We have adopted a step by step 

investigation method – first, fast heating of a circular 

blank has been studied, followed by the investigation of a 

cross-shaped blank. Simulations of Joule effect fast 

heating of the circular blank have demonstrated that the 

homogeneity cannot be achieved with only one pair of 

electrodes. A uniform temperature field was obtained 

with three pairs of electrodes and relevant activation 

periods and current intensities. Then, the numerical study 

of a cross-shaped blank has shown that a slight change in 
the geometry of blank can enhance the homogeneity of 

the temperature field.  

After the investigation of these two geometrical 

forms, two paths will be further developed. First, 

experimental validation of fast heating of a circular blank 

will be performed. Second, numerical investigation of 

Joule effect fast heating of more complex shapes used in 

the automotive industry will be carried out.  
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