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Prediction of the deformation mechanism including shear fracture in the 
sheet metal forming process using FEA with the solid element 
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Abstract. In this paper, the finite element analysis is carried out into the simulation of the sheet metal forming 

process in order to confirm the applicability of the solid element. The simulation investigates the prediction accuracy 

of earing and springback as well as the overall deformation mechanism in the conventional deep drawing process. 

The analysis of the stamping process for the front lower arm in the automobile is also carried out in order to predict 

the shear fracture originated from the sheared edge. 

1 Introduction 

As the advanced the high strength steel(AHSS) is utilized 

for auto-parts, the stamping process frequently 

encounters inferiorities such of shear fracture. In the 

mechanism of shear fracture, crack is propagated along 

the thickness direction of the sheared edge.[1] Therefore, 

it is not suitable to predict the shear fracture with the 

conventional analysis scheme with the shell element.  

In this paper, the simulation results with the solid 

element are compared with those with the shell element 
from the viewpoint of overall deformation mechanism 

such as the earing profile, the edge draw-in and the 

springback amount in the conventional forming process. 

The applicability of the solid element to the sheet metal 

forming analysis is also investigated especially for the 

prediction of the shear fracture from the sheared edge in 

the stamping process of the front lower arm. 

2 Conventional Forming Process 

The finite element analysis is carried out in the 
conventional sheet metal forming processes such as 

cylindrical cup drawing and U-draw bending with the 

solid element. In order to compare the deformation 

mechanism, the analyses are carried out with the 

commercial software FORGE NxT 1.0[2] and PAM-

STAMP 2G 2012.2[3] for using the solid element and the 

shell element, respectively.  

2.1 Cylindrical Cup Drawing Process 

Analysis of the cylindrical cup drawing process is carried 

out in order to check the applicability of solid element 

 

Figure 1. Schematic view and dimension of the cylindrical cup 

drawing process. 

 

Figure 2. Measuring points of the amount of the edge draw-in. 
 

for simulating the complicated deformation mechanism 

such as earing profile with the planar anisotropic 
properties of the rolled blank.[4]  

Figure 1 shows the schematic view and dimension of 

the tooling system for cylindrical deep drawing. The 

material properties are determined from the tensile test. 

The stress-strain curve after yielding is expressed as the 

=576.8(+0.0094)0.266 MPa. The initial blank thickness 
is 0.74mm. The blank material is assumed to be planar 

anisotropic obeying the Hill’s 1948 model[5] and the 

Lankford values are 1.75, 1.52 and 2.08, respectively, 
along the 0, 45 and 90 degrees with the rolling direction. 

The maximum punch stroke is 60 mm. The initial blank 

is descretized by a single layer and three layers in order 



NUMIFORM 2016 

to find the effect of the mesh division on the prediction 

accuracy. The remeshing option is not utilized with the  
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Figure 3. Comparison of the normalized earing profiles 

according to the element types. 
 

solid element in order to predict the unfavourable 

relaxation of the stress during stress interpolation for 

remeshing. 
From the simulation result, the prediction accuracy of 

the earing profile is compared with the experimental 

result at the measuring points designated in Figure 2. As 

shown in Figure 3, the tendency of the normalized edge 

draw-in with the solid element shows fairly good 

agreement with the experiment although draw-in amounts 

are greater than the shell element in the whole measuring 

points. The number of thickness layers does not influence 
on the deformation mechanism in this example. 

2.2 U-draw Bending Process  

Analysis of the U-draw bending process is carried out in 

order to confirm the applicability of solid element for 

predicting the tendency of springback by an elastic 

recovery.[6]  

Figure 4 illustrates the schematic view and dimension 

of the tooling system for the U-draw bending process. 

The material properties are determined from the tensile 

test. The flow stress is expressed as the 

=563.3(+0.0071)0.2589 MPa. The initial blank thickness 

is 1.4mm. The blank material is assumed to be normal 
anisotropic and the Lankford value is 1.77. The 

maximum punch stroke is 40 mm. The simulation with 

the solid element is pursued with three cases: remeshing 

during the analysis; three layers along the thickness 

direction without remeshing; five layers along the 

thickness direction without remeshing. 
 

 
Figure 4. Schematic view and dimension of the U-draw 

bending process. 

 

Figure 5 explains the measuring method of the 

springback amount in the formed product. θ1, θ2 and  are 

the springback angle in the punch region, the springback 

angle in the flange region and the radius of curvature in 

the wall. Shapes of the blank after springback and the 

measured springback amounts are compared in Figures 6 

and 7, respectively. As shown in the figures, simulation 

results with the solid element predict the springback 

adequately. The result with three layers along the 

thickness direction underestimates phenomena of wall 

curl. Moreover, the result with the remeshing cannot 

predict the wall curl due to stress relaxation during the 

stress interpolation in the remeshing process.  

 

Figure 5. Measuring method of the springback amount in the 

U-draw bending process. 

 

 
Figure 6. Comparison of the springback amounts according to 

the element types. 
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Figure 7. Quantitative comparison of the springback amounts 

according to the element types. 

3 Stamping of a Front Lower Arm 

The front lower arm connects the cross member, the body 
frame and the steering knuckle. The part plays a role of 

supporting the car body from the external force and 

absorbing the vibration from the cross member and the 

knuckle. The front lower arm is manufactured by a seven-

stage stamping process including forming, flanging and 

hole burring. The blank material is a high-strength hot 

rolled steel with UTS of 780MPa and the thickness is 4.2 

mm.  
The mechanical properties are obtained from the 

tensile test and the shear test. The flow stress is expressed 

as the =1167.9(+0.0445)0.147 MPa and Lankford values 
are 0.53, 1.33 and 0.73 respectively along the 0, 45 and 
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90 degrees with the rolling direction. In this paper, shear 

failure from the sheared edge is predicted with the 

normalized Cockcroft-Latham model[7]. The critical  

damage value is determined to 1.7 from the correlation of 

the cutting surface between the blanking experiment and 

simulation. The finite element analysis uses two kinds of 

element: the solid element with FORGE and the shell 

element with PAM-STAMP. In order to describe the 

damage at in sheared edge, the initial damage value of 0.3 

is uniformly imposed to the outer edge and the pierced 

holes when the solid element is used.  
 

  
(a) section A-A’                     (b) section C-C’ 

Figure 8. Comparison of the thickness distribution between the 

analysis and the experiment 

 

  

(a) shell element with FLD    (b) solid element with damage theory 

Figure 9. Prediction of the shear fracture in the front lower arm 

with the finite element analysis. 

 

The thickness distribution is compared with the 

experiment in Figure 8 along some sections after the first 

forming stage. The figure explain that the solid element 

simulates the deformation mechanism more precisely 

because the solid element calculates the through-

thickness deformation more effectively than the shell 

element when ironing is involved. 

Figures 9 illustrates the inferiorities during the 
forming process predicted by the forming limit 

diagram(FLD) with the shell element and damage value 

distribution with the solid element. When shell element is 

used, the predicted fracture region is only the outer edge 

near A-point while most of the shear fracture phenomena 

can be found when the solid element is used. 

 

4 Conclusions 

The possibility of the solid element in the sheet metal 

forming process is confirmed with the conventional 

forming process and the stamping of the auto-part with 

the prediction of the shear fracture. The result obtained 

from the stamping of the front lower arm fully explains 

that it is necessary to use the solid element to predict the 

accurate deformation mechanism and unfavourable shear 

fracture which cannot be found in the simulation with the 

shell element. 
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