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Abstract. The high potentials of utilizing high strength steels in the automotive industry have 

been proved. However, there are still some unsolved challenges. Forming of a component that 

has been produced by blanking is one of these. Blanking is commonly used in sheet metal 

forming as the initial cutting process. Yet, it introduces damage into the blanked edges that in 

subsequent forming steps may lead to crack formation. This problem arises in particular in 

modern multi-phase steels and can currently not be avoided thoroughly due to a lack of 

understanding of the relevant influences. In the present work, the effects of the blanking 

process on an HCT980XD sheet were therefore numerically investigated. To achieve this, the 

Edge-Fracture-Tensile-Test method was simulated. By using this method, a conventional 

uniaxial tensile specimen is manufactured with one milled side and one blanked side. This 

allows to highlight the effect of blanking in a subsequent tensile test. In order to investigate the 

damage process, the coupled Modified-Bai-Wierzbicki model was applied to simulate first the 

blanking process and then the tensile test. The results revealed that during the blanking 

process, the failure initiated from the surface elements near the punch and propagated through 

the thickness. Meanwhile, another crack initiated from the opposite side of the sheet. The 

elements of these cracks experienced near pure-shear condition at both damage initiation and 

fracture moments. At the end of this step, the remaining damage, which is considered as the 

predamage of the next step, was higher in the middle of thickness. During the subsequent 

uniaxial tension, the crack in the specimen initiated at a shear cut edge and crossed the width. 

The possible detailed resolution of loading paths and crack formation shows that the damage 

mechanics simulation provides researchers with a powerful tool for assessing limit states in 

forming processes. 

1.  Introduction 

High Strength Steel (HSS) sheets are widely used in automotive industries. They mostly undergo 

several complicated forming processes to obtain their final shape. Blanking is a common forming 

process which is used for the initial cutting. This process imposes some adverse effects on the shear 

cut edge, which become profound during the subsequent forming processes. Some materials like 

multi-phase steels are more sensitive to edge properties and blanking may result in formation of 

premature cracks in their edge [1]. These induce component failure during the forming process ahead 

of the expected forming limits, which are determined by the conventional methods. 

http://creativecommons.org/licenses/by/3.0
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Prediction of forming limits especially by using computer-aided engineering method is highly 

beneficial for increasing productivity by reducing cost and effort of production design and improving 

its accuracy. There are few experimental testing techniques, which have been so far proposed to 

measure edge crack sensitivity. The most common one is the Hole Expansion Test (HET) which has 

been widely used for HSS sheets [2-4]. However, only a few numerical studies have been conducted 

on the edge crack sensitivity through HET [5], especially by considering the cutting impacts [6-9]. 

Sartkulvanich et al. [7] illustrated how metal flow, strains and stresses in cutting affect edge cracking 

through the following stretch flanging by using 2D finite element method and a simple uncoupled 

damage model. However the simulation and experimental results showed good agreement with each 

other, applying 3D model along with a simple uncoupled damage model (critical plastic strain at 

fracture) can describe the localized edge cracking more precisely. Hu et al [8] predicted the effect of 

cut conditions on hole expansion ratio of an aluminum alloy using 3D finite element method. The 

results showed that by increasing the clearance, accuracy of the predictions decreased. They also 

predicted tensile stretchability for the same material by implementing Rice-Tracey uncoupled damage 

model [9]. They showed that the prediction was not accurate for clearance more than 10%.  

Recently a promising experimental method has been developed by the Chair of Metal 

Forming and Casting of the Technical University of Munich, called Edge-Fracture-Tensile-Test 

(EFTT). In this method, influences of the blanking process on the formability of the shear cut edge are 

investigated by manufacturing a conventional uniaxial tensile specimen which contains a milled side 

and an edge cut side. Figure 1 illustrates the manufacturing steps of an EFTT specimen. This testing 

technique represents several advantages, for instance providing a frictionless medium, avoiding any 

strain gradients ahead of local necking, offering a convenient study on the shear cut edge, and showing 

a high reproducibility [10, 11]. These characteristics make this method a favorable model for 

numerical investigations, however no attempts have been made in this regard yet. Hence, the objective 

of the present work is to study EFTT process numerically and assess the accuracy of results by 

comparing with the experiments.  

 

 

Figure 1. Manufacturing process of a blanked EFTT specimen with a closed cutting lines [12]. 

2.  Methods 

2.1.  Plasticity model 

In order to describe the material’s behavior in the simulations, a plasticity-damage model was 

employed based on a combined experimental and numerical approach. In this regard, the Modified-

Bai-Wierzbicki (MBW) damage mechanics model, presented by Wu et al. [13], was applied and the 

damage parameters for different stress states were determined. In this plasticity model, equation (1), 

damage appears as strain-softening in the material behavior.  

 e yld(1 ) 0D        (1) 

Herein,   is the flow potential, σe is the equivalent stress, σyld is the yield stress, and D is the 

ductile damage variable. According to the damage model, equation (2), the initial material is assumed 

to be defect-free and only strain-hardening contributes to the deformation. The damage initiates when 

the equivalent plastic strain,  p, reaches a threshold value,  i as defined in equation (3). Afterwards, 
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the damage propagates linearly in proportion to the flow stress at damage initiation, σy,i, and an 

energy-dissipation coefficient, Gf. The damage evolves until the fracture occurs at equivalent plastic 

strain of  f, which is fulfilled by equation (4). It is worth mentioning that the damage model is 

defined in terms of stress-triaxiality, η, and normalized Lode angle parameter, , to describe stress-

state of the material during the deformation. Note that all Ci and Di parameters are materials’ 

constants.  
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2.2.  Material and parameter identification 

Dual-phase HCT980XD steel sheets, DP1000 according to DIN EN 10346, were received with the 

thickness of 1.5 mm. Its mechanical properties were evaluated through different uniaxial loading 

conditions along with ARAMIS digital image correlation (DIC) analysis. The hardening parameters 

were calculated directly by fitting Hollomon model (equation (5)) on the homogenous plastic part of 

the flow curve, which was extracted from the results of uniaxial tensile tests. The damage parameters 

were calibrated using an inverse strategy, i.e. parameters were determined by minimizing the 

difference between experimental and simulation results, here particularly the results of force-

displacement were considered. Since MBW parameters are non-unique, a wide range of stress states 

should be examined to calculate the parameters properly. Therefore, notched dog bone, plane-strain, 

central hole, and shear specimens were tested along with the parallel numerical simulations using 

finite-element software Abaqus/Explicit 2017, figure 2 and 3. In all the simulations, eight-node 

reduced-integration solid elements of type C3D8R were employed. In order to minimize the 

computational time, a mesh size of 0.1 mm was applied only on those regions of samples which are 

exposed higher plastic straining. The material parameters are summarized in table 1. 

 

Plane-strain Notched dog bone Central hole Shear 

 

Figure 2. The geometries of different specimens (all dimensions are in mm). 
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Table 1. Mechanical properties of the investigated material. 

Parameter E 

(GPa) 

ν RP0.2 

(MPa) 

k 

(MPa) 

nH 

Value 210 0.3 693  1476  0.10 

Regime Elastic Plastic 

Identification  Direct 

Parameter C1 C2 C3 C4 Gf D1 D2 D3 D4 

Value 0.4 1 0.1 1.5 6500 0.15 1.5 0.08 1.5 

Regime Damage initiation 
Damage 

propagation 
Fracture 

Identification  Inverse 

 

Figure 3. The force-displacement curves of experiments (solid lines) and simulations (dashed lines). 

 

   Hp

e

n

k     (5) 

2.3.  Simulation of Edge-Fracture-Tensile-Test 

The numerical simulations of a two-stage Edge-Fracture-Tensile-Test were performed for a set-up 

with sharp cutting edges tool (edge radii of 0.05 mm) and a die clearance of 15%. In order to reduce 

the computation time, only half of the symmetric model was modeled, figure 4. In the blanking 

process, the die, punch, and blank holder were considered as discrete rigid parts, and the sheet was 

modeled as a deformable homogenous solid. Friction between the tools and the sheet was considered 

as the Coulomb model with a coefficient of 0.1 [9]. The contact pairs were defined as a surface-to-

surface algorithm. However, the contacts between new surfaces which are created during blanking 

process and the tool were defined as a node-to-surface algorithm. Since the applied damage model is a 

local model and influenced by the mesh size, mesh size of 0.1 mm was used in the critical regions of 

the sheet like the models which were used for the parameter calibration. In order to apply homogenous 

force on the sheet during the blanking process, finer elements were defined in the contact regions of 

the tool. An optimal clamping force was chosen such that the blank was neither drew in nor torn 

improperly during the blanking process. For the second stage, the tensile test on the produced sample, 

the unnecessary parts of the sheet were deleted and uniaxial tension was quasi-statically employed on 

the gauge length to assess the effect of the blanked edge on the formability of the material.  
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Figure 4. The assembly model 

of half Edge-Fracture-Tensile-

Test for the blanking stage. 

2.4.  EFTT process: Blanking stage 

Blanking is the first stage of EFTT process. Through this stage, the blanked edge of the tensile 

specimen is manufactured. The gradual formation of the blanked edge is shown in figure 5, in terms of 

stress-triaxiality and Normalized Lode-angle parameter, i.e. the stress-state. Moreover, the geometrical 

features of the edge, which are created during the blanking process, are shown in figure 6. By 

penetration of the punch through the material, an elastic deformation began and turned into a plastic 

deformation. When the equivalent plastic strain reached the critical value, damage occurred. Up to this 

moment, the imposed elements experienced shear stress-state, since both η and  are about 0, figure 

5(a). The stress-state remained in near shear mode while the damage propagated though the material 

and accumulated, figure 5(b). Up to a crack initiated, the upper area was exposed bending effects. This 

area is called rollover [14].  

  

 
(a) (b) (c) (d)  

 
   

 

 
   

 

Figure 5. The stress state, in terms of stress-triaxiality and normalized Lode angle parameter, in 

different steps of blanking process (the figures were captured from the view, which was shown in 

figure 4 by a black dashed rectangular). The frames before the damage initiation, the crack initiation, 

the second crack initiation, and the material’s final separation are shown in (a) to (d), respectively.  

Punch 

Die 

Blank 
holder 

See figure 5. 
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The crack initiated from the element in adjacent to the punch and grew towards the direction of 

cutting, figure 5(c). Meanwhile, a second crack initiated from the other side of the thickness and grew 

upwards, figure 5(d). The formation of the second crack prevented the burr surface from expanding. 

The stress-state from crack initiation until the entire separation changed from pure-shear mode to 

plane-strain state [14]. The new surface which was created under pure shearing is called clean-shear. 

The rest of new surface is called fracture surface. 

 
(a) 

 

(b) 

 

(c) 

  

Figure 6. The blanked surface characteristics (a) hE, hS, hB, hG represent height of rollover, clean-

shear, fracture, and burr parts, respectively [14]. S is the initial thickness of sheet; (b) the 

experimental data which was measured with accuracy of 1.0 µm [10]; and (c) the simulation results 

in terms of damage parameter (all dimensions are in mm). 

2.5.  EFTT process: Tension stage 

The manufactured EFTT specimen undergoes uniaxial tensile test in the second stage. The specimen is 

expected to fail earlier than a uniaxial tensile specimen which is manufactured by milling process in 

both sides [12]. Results of the simulation are compared with experimental data in figures 7 and 8, 

which imply that the simulation approach was quite reliable.  

 

 

Figure 7. The 

comparison between 

Edge-Fracture-

Tensile-Test results 

for experiment and 

simulation.  

 
The effect of predamage is obvious in figure 8, which shows that damage initiated from the 

blanked edge. First, the crack propagated a little bit diagonally, then soon it grew perpendicularly to 

the loading direction and crossed the specimen. The same trend can be seen in the experiments as well. 

The experimental values of ε1 which were taken by DIC are slightly higher than the simulation’s 

values, as the DIC method is less sensitive and accurate in comparison to the simulations. In brief, the 

location and moment of fracture are predicted precisely by this method. Figure 9 illustrates that the 

damage and fracture initiated from the part of thickness which underwent the highest residual damage 

from the cutting process, i.e. the transition part of fracture to burr. Multiple cracks initiated along the 

shear cut edge during the Edge-Fracture-Tensile-Test. 
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 (a) 

Figure 8. The comparison 

between experimental and 

simulation results of (a) 

damage initiation, and (b) 

fracture. 

Experiment Simulation 

 

 

(b) 

  

        

 

  

 

 

Figure 9. The view of EFTT specimen along the 

cut edge implies that the cracks initiated at the 

transition part from the fracture to the burr during 

the subsequent tensile test. 

3.  Conclusion 

The presented study introduces a promising numerical tool for assessing the influences of the blanking 

process on formability of a component through Edge-Fracture-Tensile-Test. The important findings of 

this work are summarized below. 

 The simulation of the blanking process by using MBW plasticity model provided detailed 

information of material’s stress-state during the whole process. It showed that the damage and 

fracture initiated in the near shear state and changed gradually to the plane-strain mode until 

ultimate separation happened. 

Crack 
propagation 

Damage 
initiation 

Loading direction 

Crack 
initiation 
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 The geometry features of the blanked edge, including rollover, clean-shear, fracture, and burr, 

were properly calculated by the simulation. 

 The simulation of the subsequent uniaxial tensile test was able to predict the force-

displacement curve and the damage behavior of the EFTT specimen in terms of location and 

moment of the damage. 

 This numerical method along with MBW model could acquaint researchers with sound data of 

edge crack sensitivity which is one of the serious challenges of producing complicated 

components from HSSs.  
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