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Abstract. Press hardened steels like 22MnB5 have high mechanical strength making it possible to achieve 

weight savings for automotive applications. The hot stamping process is divided in three steps: heating, 

forming and quenching. Forming itself consists in stamping and blanking. Hot blanking may be a way of 

reducing the cost of the forming operation. However, the high thermo-mechanical stresses in blanking 

operations may damage blade tools. To get better insight into the damage mechanisms and their evolutions, a 

finite element numerical model to simulate the process and achieve the thermo-mechanical loadings is 

developed. The effect of blank’s initial temperature, the cutting clearance and thermo-mechanical behavior of 

tools are investigated. Experimental hot blanking tests are performed in order to examine the relevance of the 

simulations. 

1 Context and state of art 

The increase of hot stamping parts production leads the 

car manufacturer to investigate a cost reducted process to 

rise competitiveness. The global process used for 

quenchable Ultra High Strength Steel (UHSS) 22MnB5 

parts is divided in three steps [1]. The process begins by 

heating up the blank to 900°C for austenitization, 

followed its forming and quenching and finally cutting 
operation. After quenching, the martensite microstructure 

leads to an increase of the yield stress and ultimate tensile 

strength (at room temperature, initial UTS is 500 MPa 

and 1500 MPa after quenching [2]). Three cutting options 

compete [1] : laser cutting, hard cutting [3], and warm 

cutting. Due to its contactless aspect, laser cutting leads 

to no wear of the tool but time operation is proportional 

to  the part edge length. Hard cutting at room temperature 
induces severe blanking tool wear due to the high tensile 

strength [3]. Warm cutting, above martensite start 

temperature transformation (400 °C for 22MnB5) can 

reduce tools wear [4]. This last solution can be obtained 

by heating a local zone around the cutting edge or by 

reducing the cooling rate on the blanking zone to 

eliminate martensite transformation ([1]) or by cutting the 

blank above 500 °C. The first investigations by FEM of 
warm or hot blanking operation are proposed by So et al. 

2012 [5] for sheet blanking and Torres et al. [6,7] in hot 

blank guillotining. In this communication both a 

numerical and experimental approach are assessed to 

understand the hot blanking operation and to investigate 

the tools wear. The experimental blanking equipment is 

installed on a testing device enhanced on ICA Albi 

laboratory (MEFISTO) which is dedicated to the study of 

the tool wear during sheet metal forming operations at 
room [8] and high temperatures [9] .  

2 Non isothermal thermo mechanical 
modelling of hot blanking 

To study the influence of the initial blank temperature 

and the blade clearance on the maximum cutting force 

and to estimate the stress and temperature blade 

distributions, a numerical model with the finite element 

sofware Abaqus 6.14™ is developed. A first modelling of 

a hot blanking operation with no isothermal and thermo-

mechanical conditions is presented. 

2.1 Thermo mechanical weak coupling solved 
by a dynamic explicit schema 

This finite element model aims at simulating the blanking 

operation developed on the experimental device. It is 

recommended by several authors [10] that impact 

problems (such as blanking) can be solved by a dynamic 

explicit integration schema. In the process the blank is 

introduced with an initial temperature between 700 °C 
and 850 °C. Because of this temperature, thermal 

exchange between tools and blank must be taken into 

account in the model. Hence, the model is computed 

using a thermal displacement dynamic explicit resolution 

schema. At each increment, the heat conduction and 

thermo-mechanical problems are solved successively. 
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2.2 2D plane strain analysis 

A 2D plane strain analysis including large strains of one 

half of the blanking experimental device is developed 
The FE model is limited to a zone of interest (Figure 1). 

The sheet thickness is 1.2 mm. The cutting edge of punch 

and die have a radius of 100 µm. Rigid bars are 

positioned at the top of the punch and the bottom of the 

die to pilot the mechanical boundary conditions. The 

stiffness of the experimental device has been modelled by 

introducing a soft material (equivalent as modelling 

springs) placed between the punch and the punch rigid 

bar. 

 
Figure 1 : Details of the blanking zone (10 x 10 mm2) 

2.3 Temperature-displacement mesh 

It has been observed by Hambli [11] that the FE model 

needs mesh refinement in the shearing zone (cross 

hatched region on Figure 1) to simulate the blank rupture. 

So the mesh is refined (minimum size: 25 µm) in this 
zone. Outside that zone, the mesh is coarse (maximum 

size: 200 µm). The transition is made by small stripes of 

triangular elements. To insure low interpolations during 

the heat transfer computing and convergence of the 

resolution schema, the size of tool elements are adjacent 

to the ones of the blank. The model is composed of 9150 

nodes and 8570 bi-linear temperature-displacement 

elements (CPE4RT, CPE3RT) and rigid elements R2D2.  

2.4 Tools and blank behaviors 

Due to the high temperature of intial blank (700 °C - 850 

°C) and thermo-mechanical “weak” coupling, the 

mechanical and thermal behaviors of tools and blank are 

temperature dependent. The thermal behaviors are 

considered as isotropic. Blades physical properties are 

given by [12] and blank’s physical properties by [13].  

2.4.1 Isotropic thermo-elastic tools behavior 

The punch, die and blank holder behaviors are 
representative of X38CrMoV5 tool steel grade one. This 

steel is temperature dependent (in the range 20 - 600 °C) 

[14]. As a first assumption, tools behavior is considered 

as isotropic thermo-elastic (Hooke law with thermal 

expansion term, parameters are temperature dependent). 

2.4.2 Thermo-elastic-plastic blank behavior  

Merklein et al. [2, 15] have shown that the plastic flow of 

the quenchable UHSS 22MnB5 depends on temperature 
and strain rate and have a strong effect on normal 

anisotropy between 500 °C and 800 °C. In this work, the 

assumption that blank can be considered as isotropic 

thermo-elasto-plastic material with isotropic hardening is 

done (Prandlt-Reuss model). Experimental hardening 

curves obtained by uniaxial tensile tests has been 

introduced as function of temperature and strain rate to 

describe such dependency. In the zone of interest (cross 

hatched region on Figure 1), to simulate the rupture 
initiation of the blank, the Abaqus 6.14© implemented 

ductile damage model is used. A damage parameter is 

introduced to modify the equivalent stress (softening) and 

the elastic response of the material when the initial 

damage equivalent strain is reached. This strain which is 

depending on stress triaxiality is based on the work of 

Huang et al. [16]. The evolution of the damage parameter 

depends on the effective plastic strain. When the damage 
parameter equals 1 (effective displacement is twice 

element caracteristic length), the element is supressed 

(“kill element” method introduced by Ko et al. [17]). 

2.5 Thermo-mechanical interfaces 
interactions 

The interactions between the tools and the blank are 

described by mechanical contact and heat transfer 

conditions. The mechanical contact is modeled by a 
penalty method. When shearing occurs, the cut face of 

the blank is in contact with the punch flank face. During 

all the cutting process, the friction is modelled by 

Coulomb law and equals 0.23 [7] and it is independent of 

the temperature. In hot stamping process, the heat transfer 

is combination of several phenomena. When the tools 

arrive near the blank, convective and radiative heat 

transfer conditions occur [18]. They are modelled by an 
average gap conductance coefficient which evolves 

according to the distance between the surfaces (gap). 

When the contact is done, intensive conductive heat 

transfer can be observed due to the high contact pressure. 

It is modelled by an average gap conductance which 

evolves with the contact pressure given by [18]. 

2.6 Mechanical and thermal boundary 
conditions 

Reference points to which are applied the boundary 
conditions are linked at the rigid bars (Figure 1). Table 1 

gives the values of vertical displacement of tools rigid 

bars and thermal boundary conditions. No thermal 

exchanges between the system {tools + blank} and the 

environnement has been took into account.  
Table 1: Boundary conditions (Figure 1) 

Time (s) 0 0.2 

Punch rigid bar disp. (mm) 0 -1.5 

Blank holder rigid bar disp. (mm) 0 -0.003 

Tools temperature (°C) 20 Computed 

Blank temperature (°C) 700-850  Computed 

3 Numerical results 

The computational cost is approximately 4 hours on a 8 

core processors of 3.5 GHz and 32 GO RAM computer.  
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3.1 Effect of clearance and initial blank 
temperature on the maximum cutting force 

A first concern is the comparison of FE model with 
experimental response. We have studied the effect of 

initial blank temperature (700 °C – 850 °C) and the 

clearance (5, 8 and 12,5 %) on the maximal cutting force 

(Figure 2). In the case of 8 % of punch/die clearance and 

initial blank temperature of 700 °C, the FE blanking force 

rises to 470 N/mm, in a relative agreement with the 

measured blanking force of 420 N/mm (black point in 

Figure 2). Due to the high pressure contact between blades 
and blank, the local blank temperature drops leading to 

the increase of mechanical strength of blank. The 

maximum blanking force decreases with the increase of 

the initial blanking temperature. It is in agreement with 

the previous experimental measurement and litterature 

results [4]. Otherwise, for each initial blank temperature, 

the cutting force decreases with the increasing of the 

clearance. We observe that local cutting mechanism 
changes from shearing (short clearance) to a combination 

of shearing and bending. Thus, the needed stress to 

initiate the rupture is reached with less cutting force. 

Nevertheless, the clearance have a smaller effect 

(maximal deviation: ± 40 N/mm at 700 °C) than the 

initial temperature of the blank. 

 

Figure 2: Numerical cutting force vs initial blank temperature 

(700 °C- 850 °C) for different clearances (4 %, 8 %, 12.5 %) 

3.2 High stresses and temperature in tools 
during blanking 

The Figure 3 shows the equivalent Von Mises stress field 

on the upper blade at three times of blanking. Under 

surface, the maximum stress value is 720 MPa and the 

tool  surface temperature reaches 420 °C during a very 

short time. For this considered temperature, the value of 

the stress is larger than the yield stress of X38CrMoV5 

[14]. We also observe that when the punch penetrates the 

blank, the position of the maximal stress is displaced 
from the rake face to the flank face of the tool.  

 
Figure 3: Example map of the equivalent stress and 
temperature in the die during punching (8 %, 850 °C) 

4 Conclusions and perspectives  

We have proposed a finite element model of blanking 

operation of 22MnB5 quenchable steel at high 

temperature. This thermo mechanical weak coupling 

model is complex because of the combined mechanical 

and thermal phenomena and the associated data required 

for the blank and tool materials and interfaces 
description. The first numerical results are in agreement 

with the experiences. The results of the numerical 

simulation could explain the wear of hot blanking tools 

by predicting the level of temperature and stresses during 

blanking. The main effect observed on maximal blanking 

force and tools stresses is due to the inital blank 

temperature. As a perspective, the tools physical 

properties must be completed. Then, a meta model will 
be enhanced to simulate the cycling of the process and its 

effect on the blade thermo-mechanical loading.  
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