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Direct electric resistance heating allows fast and uniform heating of rectangular blanks in hot forming process. To adapt this technology for any blank shape, a solution is proposed by splitting the part in several rectangular strips heated by electric generators. By optimizing the number, the orientation and the dimensions of rectangular strips to reduce added material and energy costs, this method is applied in the case of a windscreen upright blank. From a 3D thermoelectric model taking into account the imperfection of contact between the blank and the electrodes, integrating a PID-controller and the electrical power limitations, a heating demonstrator of this part is developed. This heating method has proved to be effective in heating shaped blanks quickly and uniformly during the hot stamping process.

Introduction

The car manufacturers are looking for new innovative lightening solutions 2 to meet European standards for CO2 emissions and safety. Thanks to a high 3 tensile strength, the quenchable boron steels allow to reduce the thickness of 4 different parts of body in white of automotive vehicles. These materials are 5 now largely used for increase mechanical strength resistance of several parts 6 as described in figure 1. Although these ultra high strength steels demand 7 increases, improvements are still needed to optimize the hot stamping process and reduce its costs. This process is described in details in [START_REF] Karbasian | A review on hot stamping[END_REF]. The most commonly quenchable steel grade used is the 22MnB5. At the process beginning, the blank at room temperature has a ferritic-pearlitic microstructure with a tensile strength of about 600 MPa. It is heated in a furnace above the austenitization temperature, up to 900 • C, to induce the austenitic microstructure formation which confers a good formability to the blank. Then, the blank is transferred to a press, where it is simultaneously formed and quenched to reach a whole martensitic state with a high tensile strength of about 1500 MPa [START_REF] Merklein | Investigation of the thermo-mechanical properties of hot stamping steels[END_REF].

This process has clear benefits such as a good formability, a high dimensional accuracy thanks to a low springback [START_REF] Yanagimoto | Springback of high-strength steel after hot and warm sheet formings[END_REF][START_REF] Mori | Springback behaviour in bending of ultrahigh-strength steel sheets using CNC servo press[END_REF] and a high strength conferred to the final parts. However, there are still some drawbacks to overcome, like the investment cost for the furnace, the press, the laser cutting machine and the low productivity due to the furnace residence time for heating (5-10 min) and the holding time for quenching [START_REF] Karbasian | A review on hot stamping[END_REF].

Currently, the issue of the furnace residence time is solved by heating several blanks simultaneously, but it requires very long furnaces (up to 57 m) [START_REF] Mori | Hot stamping of ultra-high strength steel parts[END_REF][START_REF] Lehmann | Developments in the field of schwartz heat treatment furnaces for press hardening industry[END_REF]. To overcome this problem, fast and compact heating systems are required [START_REF] Lenze | Applications of hot formed parts for body in white[END_REF]. Different technologies were investigated in literature like direct flame impingement heating which offers higher heating rate compared to the conventionnal furnace heating [START_REF] Shao | Feasibility study on direct flame impingement heating applied for the solution heat treatment, forming and cold die quenching technique[END_REF]. The infrared heating is an other technology which is also faster and more compact. A patent was published by Aikawa [START_REF] Aikawa | Far infrared radiation heating furnace for steel sheet for hot stamping[END_REF] which proposed that the blanks are heated by far-infrared radiation and arranged vertically to save space. With this method, the heating time is about 1 min to reach 900 • C. The near-infrared heating is also used, but in this case, it is not easy to control the temperature homogeneity. In their work, Lee et al. [START_REF] Lee | A local heating method by near-infrared rays for forming of non-quenchable advanced high-strength steels[END_REF] overcome this problem by using near-infrared heating at local areas to reduce the springback in bending. Different works concern the contact heating [START_REF] Rasera | Direct contact heating for hot forming die quenching[END_REF][START_REF] Field | Austenitization of Ultra High Strength Steel by Direct Contact Heating for Hot Forming Die Quenching[END_REF]. This method gives a uniform and fast heating with a low space requirement. According to the work done by Ploshikin et al. [START_REF] Ploshikhin | New heating technology for the furnace-free press hardening process[END_REF], a steel blank can be heated until 900 • C within 10 s. The induction heating was also studied for its short heating times and the possibility of local heating [START_REF] Cardinaux | Etude et modélisation numérique 3d par éléments finis d'un procédé de traitement thermique de tôles embouties après chauffage par induction : application à un renfort de pied central automobile[END_REF]. In their work [START_REF] Qi | Preparation, microstructure and mechanical properties of CP-Ti/AA6061-Al laminated composites by differential temperature rolling with induction heating[END_REF], Zichen Qi and Hong Xiao used the induction heating in differential temperature rolling process to rapidly heat bimettalic (CP-Ti/AA6061-Al) composite plates and avoid oxydation of titanium. One of the difficulties induced by induction is to heat above the Curie temperature (around 730 • C for steel grades), since the ferromagnetic properties are lost leading to a sharp decrease in efficiency. Kolleck et al. [START_REF] Kolleck | Investigation on induction heating for hot stamping of boron alloyed steels[END_REF] circumvented this problem using two different inductors to heat a 22MnB5 steel in two steps, a first one up to the Curie temperature, and a second one up to 900 • C within 35 s. This time can be reduced with a greater power.

More recently, the technology using the direct resistance heating also called conduction heating was investigated. The direct passage of current through the parts involves a better efficiency and faster heating than other technologies. This technology can be used for local or global heating on parts of various geometries. The local heating is notably used to enhance the formability during the single point incremental forming process (SPIF process), the current flows through the hemispherical tool heating only the work zone [START_REF] Fan | Electric hot incremental forming of Ti-6Al-4V titanium sheet[END_REF][START_REF] Vahdani | Electric hot incremental sheet forming of Ti-6Al-4V titanium, AA6061 aluminum, and DC01 steel sheets[END_REF][START_REF] Ao | Formability and deformation mechanism of Ti-6Al-4V sheet under electropulsing assisted incremental forming[END_REF]. In global heating, the purpose is generally to heat rapidly and uniformly in order to enhance formability and obtain a homogeneous microstructure (full martensitic structure in the case of quenching steels as 22MnB5). As in hot stamping process, the hot gas forming process includes a heat treatment of the working piece to improve the formability, the dimensions accuracy and the final mechanical properties. In their work [START_REF] Paul | The influence of process variables on the gas forming and press hardening of steel tubes[END_REF], Paul and Strano studied the influence of the hot gas forming process variables as the gas pressure. One of their observations concerns the formability drop of the steel tube at low pressure, they linked this phenomenon to the temperature decrease during the slow forming. The direct resistance heating can also be used for the hot gas forming process, the resistance heating of a steel tube lead to rapid and uniform heating [START_REF] Maeno | Gas forming of ultra-high strength steel hollow part using air filled into sealed tube and resistance heating[END_REF][START_REF] Loh-Mousavi | Coupled thermal-electrical finite element analysis of electrical resistance heating in hot stamping of ultra-high strength steel tubes[END_REF]. Mori et al. [START_REF] Mori | 1-shot hot stamping of ultra-high strength steel parts consisting of resistance heating, forming, shearing and die quenching[END_REF] developed a one-shot stamping process including resistance heating, forming, shearing and die quenching to prevent the temperature drop of the transfer step after heating in the conventional processes. The fast heating rate offered by resistance heating improves the mechanical properties of the formed parts [START_REF] Liang | Conduction heating of boron alloyed steel in application for hot stamping[END_REF].

Mori et al., in [START_REF] Mori | Hot stamping of ultra-high strength steel parts[END_REF], give the main characteristics of these different technologies and show that resistance heating is the most suitable technology in terms of heating time, space requirement and investment. Moreover, the short heating time leads to a flexible production control of the hot stamping process.

However, resistance heating is more efficient with a constant cross section, like a rectangular blank, to obtain a uniform temperature field and thus obtain a completely austenitic microstructure [START_REF] Lupi | Induction and Direct Resistance Heating[END_REF]. But in the automotive industry, the blank may be of non-rectangular shape to achieve complex parts or ensure the quality of finished parts [START_REF] Padmanabhan | Blank design for deep drawn parts using parametric NURBS surfaces[END_REF][START_REF] Carvalho | Blank optimization in a stamping process-Influence of the geometry definition[END_REF]. Therefore, it is necessary to find a strategy to uniformly heat shape blanks with resistance heating.

Different solutions were investigated in literature to uniformly heat shape blanks by resistance heating. Some of these solutions use the incremental heating with multiple electrodes to cover the whole blank and obtain a uniform temperature field [START_REF] Machrowicz | Method and apparatus for the uniform resistance heating of articles, patent WO2007109546A[END_REF][START_REF] Behrens | Konductive Erwarmung von Formplatinen für das Pressharten[END_REF][START_REF] Demazel | Simulations of joule effect heating in a bulge test[END_REF]. But as shown by Liang et al. [START_REF] Liang | Blank Shape Sensitivity on Temperature Distribution of Hot Stamping Boron Steel through Conduction Heating[END_REF], the sensitivity of the temperature field depends strongly on the blank shape, resulting in numerous difficulties to obtain a uniform temperature field.

Other solutions attempt to approximate the heating conditions of a rectangular sheet, in order to obtain a uniform distribution of the current density in the whole blank. In their invention, Matsumoto and Yamanishi [START_REF] Matsumoto | Energization heating method and energization heating device[END_REF] propose to use current paths integrated into a door ring to control the current distribution, the current paths are cut after the heating. In the patent of Benteler Automotive [START_REF] Lackmann | Heating device for conductive heating of a sheet metal blank[END_REF], an element is brought into contact under the blank to get a cross section which leads to a uniform current density in the system.

The method developed at Leibniz University Hannover consists in converting a non-rectangular shape into several rectangles [START_REF] Behrens | Method for conductively heating sheet metal, and heating device for carrying out said method[END_REF]. As shown in figure 2, two B-pillars are combined to obtain five rectangles, each one is associated to a specific generator. If the current intensity delivered by each generator is proportional to the cross section of the corresponding rectangle, then the current density is uniform in the whole blank leading to a homogeneous temperature field. However, this fast and uniform heating solution presents a major drawback, since it can be applied only for simple shapes which can be combined by pairs to form rectangles. The work presented here was made in the context of the ANR PRICE-CAT project [START_REF]ANR Pricecat, Compact industrial process for hot stamping of quenchable steels -pricecat[END_REF]. The goal of this project was to develop an innovative hot progressive stamping process which consists in forming a piece with several heating, cutting and multi-step forming operations [START_REF] Demazel | Investigation of the progressive hot die stamping of a complex boron steel part using numerical simulations and Gleeble tests[END_REF]. In this context, a new method based on direct resistance heating capable of fast and uniform heating of any shape of blanks was developed. The proposed method to heat shape blanks consists in converting a shape blank into several rectangles and to heat each rectangle by resistance heating with several generators. The aim of this paper is to describe the application of this new method to the heating of a windscreen upright blank. The size and the number of rectangular strips are defined by an optimization procedure. With the help of COMSOL Multiphysics ® the objective is to develop and size a demonstrator at scale 1 of heating for the windscreen upright blank described in figure 1.
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The requirement specifications associated to this new heating method were provided by the industrial partners of the project and are as follows:

• the time to reach 900 • C has to be between 2 s and 10 s,

• the temperature need to be maintained 7 s (a temperature maintain comprises between 5 s and 7 s is sufficient to lead to a full martensitic structure [START_REF] Maeno | Minimisation of Heating Time for Full Hardening in Hot Stamping Using Direct Resistance Heating[END_REF]),

• the temperature field in the useful part of the blank (called netshape in the following) must be between 880 • C and 930 • C,

• the method must be able to adapt to a wide variety of blank forms.

In order to address this industrial issue, some scientific challenges need to be overcome. First, to better understand the thermoelectrical phenomena occuring during the resistance heating of a metal sheet, a thermoelectric model had to be developed. This model allowed us to determine the influence of the thermal and electrical contact resistances due to imperfect contacts between the electrodes and the sheet. These values are not easy to evaluate because of their several dependences as the roughness, the contact pressure, the temperature and the thermoelectrical properties of the materials in contact, the copper and the Usibor ® 1500 [START_REF] Rogeon | A Microscopic Approach to Determine Electrothermal Contact Conditions During Resistance Spot Welding Process[END_REF][START_REF] Raoelison | Modeling and numerical simulation of the resistance spot welding of zinc coated steel sheets using rounded tip electrode: Analysis of required conditions[END_REF].

Then, the main challenge of the resistance heating of shape blank is to reach a homogeneous temperature field. To meet this challenge, a good evaluation of the homogeneity may be necessary. In the Souto's work [START_REF] Souto | Computational design of a mechanical test for material characterization by inverse analysis[END_REF],

the standard deviation of the deformation in the zone of interest is used to optimize a specimen shape that presents deformation heterogeneity. Thereby, one specimen can be used to characterize the sheet metal behavior under several strain paths. In [START_REF] Demazel | Numerical optimization of Joule heating process of Usibor® 1500 automotive blanks[END_REF][START_REF] Demazel | Développement de solutions de chauffage par conduction électrique pour l'emboutissage des aciers trempants : Approche numérique et expérimentale[END_REF], the same criterion applied to a temperature field is used to evaluate the temperature homogeneity with the purpose of optimize different parameters such as the number of electrodes, their position, the values and durations of electric currents and the slight changes in the blank geometry. However, with the method proposed in the present work, there is no need to define a homogeneity criterium since the electric current density is constant in the whole blank.

For economic reasons, special effort need to be made on the material waste and energy consumption. For these two points, criteria adapted to the heating method are necessary. The heating method proposed here, has to take into account these criteria and has to adapt to any blank shape. Thus, the method has to integrate an optimization procedure using a minimization algorithm such as the Inverse-PageRank-Particle Swarm Optimizer algorithm (I-PR-PSO algorithm) that can be used for continuous or discontinuous optimization problems [START_REF] Di Cesare | A new hybrid PSO algorithm based on a stochastic Markov chain model[END_REF].

From a technological point of view, it is also important to verify the electrical current behaviour when several generators work simultaneously as done by Behrens et al [START_REF] Behrens | Method for conductively heating sheet metal, and heating device for carrying out said method[END_REF] for the case of two trapezoid blanks heated by several direct current generators. In [START_REF] Demazel | Développement de solutions de chauffage par conduction électrique pour l'emboutissage des aciers trempants : Approche numérique et expérimentale[END_REF], the use of two alternative current generators simultaneously, shows that each can be controlled individually without changing the operation of the other.

Another point concerns the formability of the blank. In the case of resistance heating of a blank, the zones under the electrodes are non-heated and can reduce the formabililty that lead to a decrease of quality in the finished part [START_REF] Maeno | Blanking immediately after heating and ultrasonic cleaning for compact hot-stamping systems using rapid resistance heating[END_REF].

The content of this paper is as follows. First, the strategy develop to obtain a uniform heating is described and the principle of this method is given in section 2. In this section, the optimization tools are then presented to define the dimensions of the rectangular strips and their orientation in order to reduce energy consumption and material waste. Secondly, a thermoelectric model, using COMSOL Multiphysics ® software, is presented in section 3. This model is employed to check numerically the feasibility of this new method with regards to the technological constraints and difficulties such as the imperfection of the contact between the blank and the electrodes. In section 4, the heating demonstrator and the experimental results are presented.

Finally, comparisons between numerical simulations and experimental results

given in section 5 show the efficiency of this heating method and the possibility to use this method for any blank shape.

Resistance heating with rectangular discretization of shape blanks

Towards a new heating method

In this part, the approach that allowed us to choose the method of cutting blanks into rectangular strips is described. Before converging towards a satisfying heating method, various technical solutions were investigated through numerical simulations or experimental set-up.

The first one was an incremental heating with multiple electrodes integrated to a hot bulge test device [START_REF] Demazel | Simulations of joule effect heating in a bulge test[END_REF][START_REF] Boyer | Evaluation of the stress vs strain curve using a high temperature bulge test device[END_REF]. In this device, a circular blank is heated by three pairs of electrodes located at the periphery. The current alternately flows through the three pairs circularly so as to obtain a homogeneous heating in the center of the blank even during the biaxial extension of the sheet. In this case, the definition of the paths that the current must take to obtain a homogeneous heating and therefore the definition of the positions of the electrodes and their activation order is facilitated by the axisymmetry of the circular blank. But if the blank presents a geometry without particular symmetry or constant cross section, the optimization of the electrode number, their location, their activation order and the values of the electric current can be extremely difficult to quickly determine for various shapes. Thereby, these issues have led to promote solutions close to the heating conditions of a rectangular blank.

Based on the invention of Matsumoto and Yamanishi [START_REF] Matsumoto | Energization heating method and energization heating device[END_REF], a prototype was then developed to heat a trapezoid blank. This geometry has the advantage to be simple but with a various cross section. As shown in figure 3.a, this prototype was composed of two generators (600 A , 4 V , 50 Hz ), two pairs of copper electrodes and four current paths made of the same steel than the blank (22MnB5 steel). Each generator delivered a current intensity proportional to its associated cross section thanks to a pair of electrodes with two current paths. The dimensions of the four current paths, and so their electrical resistance, were optimized to obtain a homogeneous density current in the whole blank. Figure 3.b shows the resulting temperature field which was rather homogeneous and this experiment confirmed the simultaneous control of intensities delivered by the two generators as shown in figure 3.c. However, the contact zone between the paths and the blank presents cold, hot and melted spots which shows the difficulties linked to mastering electrical contacts [START_REF] Mori | Warm and Hot Stamping of Ultra High Tensile Strength Steel Sheets Using Resistance Heating[END_REF][START_REF] Chen | Development of a hot stamping clinching tool[END_REF]. Moreover, the current paths can be altered with the repetition of thermal cycles and so the solution with several paths is inappropriate to an industrial use.

Thus, another method, based on the work done by Behrens et al. [START_REF] Behrens | Method for conductively heating sheet metal, and heating device for carrying out said method[END_REF], was developed and is presented below. This new method stands out from other direct resistance heating methods for its ability to heat fast and uniformly any shape of blank.

The principle is to convert a shape blank into several rectangles by discretization and associate each rectangle to a generator to get closer to a rectangular blank heating. Figure 4 illustrates the principle of this method with a shape blank of the windscreen upright. This geometry is discretized 

Cost optimization: a geometric problem

As can be seen in the basic diagram of figure 4, there is a large amount of added material in the case of the heating of the windscreen upright blank which can considerably increase the material cost for a car manufacturer.

Moreover, the choice of the position of the blank in relation to the current has also an impact on the energy efficiency. Indeed, a large cross-section area of the electric current path induces high intensities and high current densities to achieve fast heating. These high intensities generate significant heat losses between the part to be heated and the generators. Thus, to minimize the heating cost of this method, there are two main parameters to optimize, the amount of added material and the energy consumption. As shown in figure 4, the material cost will be reduced if the surface area outside the blue dotted lines is decreased. To minimize the energy consumption, it is necessary to increase the ratio of the strip length to the cross section [START_REF] Heurtin | Chauffage par effet Joule[END_REF]. Thus, the method involves two steps to minimize the manufacturing cost:

1. The first step lies in finding the best orientation of the blank in relation to the current direction. As shown in figure 5, the initial orientation with an angle θ a is modified to find the minimum width w that corresponds to the optimal orientation obtained with an angle θ c = 119 • .

2. The second step is the rectangular discretization that comprises a minimization of the added material that is to say the surface area outside the blue dotted lines. The minimization is performed using Matlab software with an Inverse-PageRank-Particle Swarm Optimizer algorithm (I-PR-PSO algorithm) [START_REF] Di Cesare | A new hybrid PSO algorithm based on a stochastic Markov chain model[END_REF]. For a given shape, the orientation is determined in the first step and the maximum number of generators or rectangular strips is imposed by industrial constraints. The optimization variables are the widths of the strips.

This method was applied to the windscreen upright blank presented in Figure 6 which shows its shape in blue. Its netshape, in red, corresponds to a projection of the final part. This region has to be heated uniformly to obtain a full martensitic structure after the quenching.

In order to take into account the economic and technological limitations due to the industrial aspect of the project, the two following geometric constraints were imposed on the discretization method. The maximum number of rectangular strips was set to 5 and the width range of the different rectangles was set between 35 mm and 200 mm. These constraints make it possible to limit the costs linked to the multiplication of the various mechanical and electronic elements of the heating demonstrator and to facilitate the control of the electrical contacts, respectively.

The shape resulting from the discretization is in grey in figure 6. The added material corresponds to 30 % of the initial shape and a material saving of 39 % compared to a rectangle of the same size.

The method must be used for any shape of blank and with different technological limitations as the number of generators. Thus, the method was applied to the four shapes described in blue in Figure 7 with the maximum number of rectangular strips (or generators) set to 4. For the first three blank shapes there is few added material (under 15 %), but, for the B-pillar shape, there is too much added material. The minimization method can be enhanced with an implementation to use electrical shunts in order to reduce material cost by replacing large regions of added material by electrical shunts. As described in red in Figure 7, a shunt consists here of two electrodes in contact with the blank and connected by a block of electrically conductive material or an electrical cable. The use of shunts requires a different rectangular discretization in order to match the widths of the rectangles with those of the shunts, as described by the red dotted lines in Figure 7. An other orientation θ can enhance the use of electrical shunts too. 

Numerical study

In order to realize a heating demonstrator meeting the requirement specifications and cost constraints, its design and manufacturing were determined through numerical simulation. In addition to the geometric constraints stated before and in order to stay in a reasonable budgetary envelope, a maximum global power of all the electrical generators equal to 100 kW is also imposed.

Mathematical formulation of the thermoelectrical model

In order to take into account the effects of the electrodes on the blank, especially the thermoelectrical contacts and the current deviations across the electrodes, a 3D thermoelectrical model using COMSOL Multiphysics ® was developed. This model is based on the conservation of energy and the conservation of electric charge and can be formulated as found in literature [START_REF] Raoelison | Modeling and numerical simulation of the resistance spot welding of zinc coated steel sheets using rounded tip electrode: Analysis of required conditions[END_REF][START_REF] Zhao | Numerical and experimental analysis of electric conductive heating for micro warm coining of stainless steel[END_REF][START_REF] Martins | Numerical analysis of different heating systems for warm sheet metal forming[END_REF].

The energy conservation law governs the thermal problem:

ρ (T ) c p (T ) ∂T ∂t = div λ ∼ (T ) . grad (T ) + Q Joule ( 1 
)
where ρ is the density [kg.m -3 ], c p the specific heat [J.kg -1 .K

-1 ], T the temperature [K], t the time [s], λ ∼ the thermal conductivity tensor [W.m -1 .K -1 ]
and Q Joule [W.m -3 ] the heat source generated by Joule effect given by the following equation: where σ ∼ e is the electrical conductivity tensor [S.m -1 ] and V the electrical

Q Joule = t grad (V ) . σ ∼ e (T ) . grad (V ) (2) 
potential [V].
The electric problem is governed by the current continuity equation:

div J = 0 (3) 
with the local Joule's law:

J = σ ∼ e (T ) . grad (V ) ( 4 
)
where J is the current density [A.m -2 ].

The convective and radiative losses are taken into account with the following equation:

-n . ϕ losses = h (T env -T ) + ε σ SB T 4 env -T 4 ( 5 
)
where n is a normal vector to a surface, ϕ losses is the losses heat flux [W.m -2 ],

h = 10 W.m -2 .K -1 is the convective heat transfer coefficient, T env = 20 • C
is the air temperature or the surrounding surfaces temperature, T is the temperature at the surface of the blank, ε is the surface emissivity, σ SB = 5.67 × 10 -8 W.m -2 .K -4 is the Stefan-Boltzmann constant.

For all the external blank surfaces, a condition of electrical insulation is used:

n . J = 0 (6)

The temperature at the upper surfaces of the electrodes is prescribed by T = T imp = 50 • C to simulate electrodes cooling, and an input density current is applied to these faces:

-n . J = ±J app (7) 
The density current J app is related to J com defined by an implemented numerical PID controller:

J com = k P ε T + k I ε T dt + k D dε T dt (8) 
J com is the resulting density of the controller output

[A.m -2 ]. k P = 10 6 A.m -2 .K -1 , k I = 2 × 10 4 A.m -2 .K -1 .s -1 and k D = 0 A.m -2 .K -1 .s -2 are
the proportional, integral and derivative coefficients of the PID controller, respectively. The values of these coefficients were chosen arbitraly to obtain a satisfactory PID controller. The great value of k P allows rapid response of the system. The value of k I allows to minimize the gap ε T = T set -T reg , with T set , the set temperature and T reg the measured temperature for the PID controller. k D is set to zero since no oscillation is osbserved.

To take into account the available maximum power P max = 100 kW, the following equations are implemented to define J app :

I max G 1 = P max . V 1 Vtot U 1 J max = I max G 1 S 1 J app = J com if J com < J max J max if J com ≥ J max (9) 
I max G 1 is the maximal intensity that can be generated by

G 1 [A], V 1 is
the volume of the rectangular strip number 1 and V tot is the total volume of the blank [m 3 ], U 1 is the voltage of the electrode pair number 1. J max is the maximal current density that J app can reach [A.m -2 ], it is defined by the ratio of I max G 1 on S 1 which is the area of the rectangular strip number 1

[m 2 ].
As mentioned previously, the thermoelectrical phenomena at the interfaces between electrode and blank are taken into account with the following relations:

n 12 . ϕ contact = (T 1 -T 2 ) T CR + r . (V 1 -V 2 ) 2 ECR n 21 . ϕ contact = (T 2 -T 1 ) T CR + (1 -r) . (V 2 -V 1 ) 2 ECR ( 10 
)
where n 12 is the unit vector from surface 1 to surface 2 and r is the partition coefficient for Joule effect. This coefficient is set to 0.5, which is a standard value for metallic surfaces in contact [START_REF] Rogeon | A Microscopic Approach to Determine Electrothermal Contact Conditions During Resistance Spot Welding Process[END_REF]. The values of the thermal and electrical contact resistances (TCR and ECR, respectively) were measured with an electrode prototype similar to electrodes used for the heating demonstrator presented in this paper. Although these values are usually dependent on the temperature, they were assumed to be constant and equal to the value measured for a contact pressure of 0.5 MPa: T CR = 6×10 -4 m 2 .K.W -1 and ECR = 4 × 10 -8 Ω.m 2 .

Thermoelectrical properties of 22MnB5 material

In this study, a 22MnB5 steel grade, called Usibor 

Geometry and mesh
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From the optimum solution of additional surface for the windscreen up-356 right in five rectangular strips described in figure 6, the numerical sim- For each of the 5 rectangular strips, there is a 50 Hz alternative current generator G i (with 1 ≤ i ≤ 5) associated to a pair of electrodes. One electrode is static and the other is slidable in order to accommodate thermal expansion lengthwise by using an horizontal pneumatic cylinder. The contact between each electrode and the blank is ensured by a vertical pneumatic cylinder. Table 1 shows the electrical characteristics (RMS voltages and currents) used to dimension the 5 generators G i of the demonstrator.

The heating experiments with this demonstrator are conducted as follows.

First, the discretized blank is placed on the electrodes so as to have an electrode at the ends of each strip. Then, the blank is clamped by the vertical pneumatic cylinders of the electrodes and an effort is applied by the horizontal pneumatic cylinders. Finally, each of the generators produces a current intensity proportional to the cross section of its associated strip in order to have the same density current in the whole blank. The current intensity is managed independently for each generator and imposed by the machine operator. 

G i I max [A] U Imax [V] U max [V] I Umax [A] P max [

Results and discussion

To assess the homogeneity of the heating and to validate the thermoelectrical model, several tests were realized experimentally and numerically. The A full martensitic structure is in this case observed in the final windscreen 451 upright. As observed numerically and experimentally in figure 15, strong 452 thermal gradients are located only near the electrodes but these gradients do not affect the area of the netshape. However, in the case where these thermal gradients do not lead to the complete martensitic structure in the netshape part (and so the final part), higher dimensions of the discretized blank can be considered in order to increase the distances between the netshape and electrodes. The electrode conception can also be modified to reduce these thermal gradients, especially with a more electrical resistive material or a contact geometry which increase the electrical current concentration [START_REF] Hübner | Method for Conductively Heating Sheet Metal, Electrode, and Heating Device Therefor[END_REF].

Moreover, the numerical model shows its capacity to predict thermoelectrical phenomena through the success of this experimental test using the calculated intensities. This allows the use of the numerical model to calculate the current intensities necessary for the thermal treatment of different blanks. This allows to avoid multiple tests to find the intensities to be applied to heat, or, to avoid the use of control loops and temperature measurement instrument which complicate the heating process.

After this heating of the windscreen upright, this part was stamped in hot condition using the hydraulic press shown in figure 16.a manufactured by Siempelkamp Pressen Systeme (SPS). To perform this test, the discretized blank was modified to facilitate the placement in the door ring tool before stamping by adding a part as shown in figure 16.b. The cycle time of the press (forming and quenching) was around 10 s . As expected, this added part induces heterogeneity during the heating and leads to a cold zone where the metallurgical structure cannot be martensitic as the zones under the electrodes. These cold zones could be remove with a blanking step just after heating to avoid the decrease of formability [START_REF] Maeno | Blanking immediately after heating and ultrasonic cleaning for compact hot-stamping systems using rapid resistance heating[END_REF]. However, this test shows that the effectiveness of the direct resistance heating method of the windscreen upright which allowed the stamping in hot condition of this part.

The next experimental step would be to set up the complete robotic chain for this heating method followed by the hot stamping of this part.

In the future, this whole process could also be simulated by coupling the thermoelectrical model with a mechanical model in order to better understand the temperature distribution during the forming step. This coupling has already been carried out in a previous work [START_REF] Boyer | Numerical analysis of the bulge test in temperature for the EN AW 6061-T6 sheet[END_REF] in the case of a hot bulge test device. 

Conclusion

A new heating method based on direct resistance heating was proposed to heat rapidly and uniformly shaped blanks. This method is based on the discretization of shaped blanks into rectangular strips. Each strip is supplied by a separate generator delivering the same electric current density to ensure the uniformity of the heating in the whole blank. A 3D thermoelectric model taking into account contact resistances was developed to design the heating demonstrator. Specific optimization method was used to minimize the material waste and reduce the energy consumption. The numerical results, consistent with the experiments, showed that the proposed method leads to a uniform temperature in the netshape part. The target temperature range is well respected in almost the whole blank. Some thermal gradients are observed near the electrodes, because of the lower electrode temperature.

However, the discretized blank and the electrodes can be designed to ensure a complete martensitic structure in the netshape part. The experiments performed with the demonstrator have proved the feasibility of the proposed method on a windscreen upright blank, but this method can easily be applied to any shape of blank as shown in Figure 7. The generator power shall be selected according to the desired heating time.

The numerical model described in this paper allows to predict the thermoelectrical behaviour of the resistance heating step of a hot forming process.

In the future, this model could be coupled with a mechanical model to simulate the heating and forming process. Such model could be used to better understand the interactions between thermal, electrical and mechanical phenomena and improve the temperature control during deformation.

The heating method presented here can be implemented in different ways in the industrial processes. The direct resistance heating device can replace the conventional roller hearth furnace, it can be integrated in a transfer robot or directly in a press where the heating, the stamping and the quenching are performed. The process can also integrate a blanking step just after heating to remove cold zones under the electrodes or to remove additional surfaces from the rectangular discretization of the blank shape. In any case, this heating solution can allow an increase in the production rate. The direct resistance heating device can also be used for the design of prototypes, especially thanks to its low cost in space and its lower investment than the other technologies.

Figure 1 :

 1 Figure 1: Different parts of body in white in quenchable steels with (a) initial and final parts of a B-pillar and (b) a windscreen upright.

Figure 2 :

 2 Figure 2: Basic diagram of the method developed by Behrens [29, 34] with 2 B-pillars blanks converted into 5 rectangles each associated with a generator.

  into three rectangular strips by adding material outside the blue dotted lines (representing the initial shape of the blank). Three generators (G 1 , G 2 and G 3 ) are associated to each strip by a pair of electrodes in copper. The values of three current intensities (i 1 , i 2 and i 3 ) delivered by each generator are chosen to be proportional to their corresponding strip cross section in order to obtain the same current density in the whole blank, and guarantee a uniform heating.

Figure 3 :

 3 Figure 3: a) Basic diagram and photography of the heating prototype of a trapezoid blank with the locations of the K-thermocouples. b) Temporal evolutions of the set temperature T set , the five measured temperatures T 1 , T 2 , T 3 , T 4 and T 5 and temporal evolutions of intensities during experiment. c) Photography of the trapezoid blank with a FLIR thermography camera.

Figure 4 :

 4 Figure 4: Basic diagram of the proposed method with a shape blank (in blue dotted lines) of the windscreen upright discretized into three rectangular strips each being associated to a unique generator.

Figure 5 :

 5 Figure 5: Evolution of the width of the blank w as a function of the orientation angle θ.

Figure 6 :

 6 Figure 6: Optimum solution of the minimization of additional surface (in grey) for the windscreen upright blank (in blue) discretized in 5 rectangular strips and its netshape (in red) (dimensions in mm).

Figure 7 :

 7 Figure 7: Optimum solution of the minimization of additional surfaces (in grey) for different blank shapes (in blue) discretized in 4 rectangular strips and proposition of a shunt system to reduce added material (in red) (dimensions in mm).

  figure 8d, decreases with the increase of temperature.To avoid the appearance of corrosion of the vehicle in use, an Al-Si coating of 80 g.m 2 is applied at the surface to obtain a coating layer between 23 and 32 µm. Figure9gives its emissivity as a function of the temperature.

Figure 9 Figure 8 :Figure 9 :

 989 Figure 8: Thermal evolutions of Usibor ® 1500P. a) Density ρ. b) Thermal conductivity λ. c) Specific heat c p . and d) Electrical conductivity σ e .

357

  figuration: 16 Go RAM and 4.38 GHz quad core but only 4 of the 8 available virtual cores are used for the calculation.

3. 4 .Figure 10 :

 410 Figures 11 and 12 show the evolutions of temperature during the simulation of heating by COMSOL Multiphysics ® and the field of temperature of the blank obtained at the end of the simulation, respectively. Figure11.a gives the temporal evolution of the set temperature T set , the controlled temperature T reg and the evaluation of the minimum and maximum temperatures T min and T max in the netshape (the shape to heat uniformly). The temporal evolutions of the electrical parameters of intensities, voltages and powers are shown in figure11.b, 11.c and 11.d, respectively. As mentioned in the requirement specifications in the introduction 1, T set increases with a speed of 90 K.s -1 until t = 10 s, then is maintained at 900 • C as can be seen in figure11.a. The controlled temperature T reg does not match the set temperature T set . This is due to the limitation of the electrical power set to 100 kW as shown in figure11.d, where P tot which represents the sum of the generator powers P 1 , P 2 , P 3 , P 4 and P 5 , quickly reaches the critical threshold. This limitation induces the decrease of currents while the voltages increase with the temperature (this is related to the electrical conductivity decrease and the behavior described by Joule's law). At 20 s, there is a gap

of 120 •

 120 C between T min and T max with T min = 800 • C. These results do not fully meet the desired homogeneity conditions, but as shown in figure 12, the minimum temperatures are located in narrow areas close to the electrodes which generate temperature gradients by their lower temperature (especially due to the electrical conductivity of copper and the prescribed temperature T imp = 50 • C at the upper surface of electrodes).

4 .Figure 11 :

 411 Figure 11: Temporal evolutions of a) the set temperature T set , the controlled temperature T reg and the minimum and maximum temperatures T min and T max in the netshape, b) intensities resulting from temperature control, c) voltages and d) needed powers.

Figure 12 :

 12 Figure 12: Numerical temperature field of the discretized windscreen upright blank at t = 15 s (netshape in black lines).

Figure 13 :

 13 Figure 13: a) Photography of the discretized shape blank with the positions of the 4 K-thermocouples welded at the surface and b) the direct resistance heating device for windscreen upright blank manufactured by SREM Technologies.

Figure 14 :Figure 15 :

 1415 Figure 14: a) Temporal evolutions of applied intensities during experiment and simulation. b) Comparison of temporal evolutions of simulated and measured temperatures for different positions on the blank.

Figure 16

 16 Figure 16: a) Press used to perform the hot stamping of the windscreen upright. b) Photography of windscreen upright blank (positioned on the door ring) after the hot stamping (the added part to perform the stamping is also shown).

Table 1 :

 1 Electrical characteristics (RMS voltages and currents) from numerical simulation used by SREM technologies company to dimension the 5 generators G i . I max : maximal current intensity calculated, U Imax : voltage at I max , U max : maximal voltage calculated, I Umax : current intensity at U max , P max : maximal power calculated.
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