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Abstract: During deep drawing process, the material parameters of blank have a significant effect on the quality of the drawn part 
and the determination of process parameters. Here, a 3D finite element model is developed for the deep drawing process of a 
thin-walled hemispheric surface part. Then the influences of material parameters including hardening exponent n, yield stress σs and 
elastic modulus E on the process are investigated by simulation. The results show that the effects of n and σs on punch force, 
thickness variation and equivalent strain are more notable. The maximum equivalent plastic strain occurs outside the die corner. 
However, when the value of n is 0.03 or σs is smaller than 120 MPa, higher equivalent plastic strain occurs at ball top. 
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1 Introduction 
 

Nowadays, the deep drawing process is used in the 
modern industry extensively. During this process, the 
material properties of the blank have a significant effect 
not only on the quality of formed part but also on the 
determination of process parameters. So, it is important 
to research the influence of material parameters on deep 
drawing process. 

Deep drawing is a high order non-linear problem in 
numerical modeling. Until now, many researches on this 
process have been carried out by FEM simulation[1−8]. 
The simulation of the deep drawing of square and 
cylindrical cups by using the explicit non-linear 
finite-element code DYNA-3D was reported by 
MAMALIS et al[9−10]. In their work, to verify the effect 
of the materials and forming characteristics on the 
forming behavior of deep-drawn cups, an extensive 
simulation work was carried out. However, only elastic 
modulus E and density ρ were considered. XIE et al[11] 
did some simulations on the stamping process of a 
typical sheet metal part. The results show that the 
thickness distribution and forming limit diagram(FLD) 
are sensitive to material parameters n (hardening 

exponent) and r (anisotropic parameter)．It is helpful to 
selecting a material for a certain forming process. 
Additionally, the effects of material parameters (strength 
factor K, hardening exponent n and anisotropic 
parameter r) on the formability of deep drawing of 
aluminum alloy sheets were mainly discussed by LI et 
al[12] and the optional parameters were identified. The 
deep drawing of a typical auto panel part was simulated 
by BAO et al[13], in which the effect of three very 
important material parameters (yield stress, hardening 
exponent and anisotropic parameter) on the stamping 
formability was investigated. The results that have been 
explained rationally can be served as a basis for choosing 
material. 

The deep drawing process of square or cylindrical 
auto panel part was investigated. However, the effect of 
material parameters on the deep drawing of thin-walled 
hemispheric surface part has less been analyzed. 
Hemispheric surface parts are the bases for researching 
the various open type parts, as their complex forming, 
including expanding and deep drawing, is different from 
the normal deep drawing．So, in this work, the deep 
drawing of a thin-walled hemispheric surface part is 
simulated based on a self-developed 3D finite element 
(FE) model. The influences of material parameters  
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including hardening exponent n, yield stress σs and elastic 
modulus E on the punch force, thickness variation and 
equivalent plastic strain are investigated by using 3D-FE 
numerical simulation. 
 
2 Modeling of deep drawing process 
 

A 3D-FE model is developed for the deep drawing 
simulation of a thin-walled hemispheric surface part, as 
shown in Fig.1.  
 

 
Fig.1 Finite element model used in simulation 
 

In this model, a 4-node shell element is utilized, and 
a surface-to-surface contact model is adopted, in which 
the coulomb friction law with a friction coefficient of 
0.15 is concluded. Three contact pairs as punch−blank, 
die−blank and blank holder−blank are created. A 
constant uniform pressure is applied on the blank holder 
in Y-direction, while the freedom of the blank holder in 
Y-direction is unfastened. Thus, the constant pressure 
may be treated as the blank holder force. The punch, die 
and blank holder in this model are considered as rigid 
bodies. Blank in the model is assumed to be isotropically 
elasto-plastic, and its constitutive equation is as 
follows[14−15]: 
 
σ=σs(1+Kε)n                                 (1) 
 
where σ is the true stress and ε is the true strain. In Eq.(1), 
yield stress σs and hardening exponent n are 231.6 MPa 
and 0.065 3, respectively. The material properties of the 
blank are mainly hardening exponent n, yield stress σs 
and elastic modulus E, so changing any one of them will 
obtain various suppositional materials with different 
material properties. The geometry parameters used in the 
model are listed in Table 1. The selection of materials of 
blank and the determination of forming parameters are 
not random. According to the empirical formula and 
previous numerical simulations, the calculation 
conditions used in this study are determined as follows. 

Fixing unit blank holder force(BHF) at 0.8 MPa, 
select E=40, 69, 100, 130, 160, 220 GPa, but retain other 
parameters as listed in Table 1 unchanged, then six valid 
3D-FE models of deep drawing have been developed. 

Select σs=70, 120, 180, 231.6, 350, 450 MPa, but 

retain other parameters as listed in Table 1 unchanged, 
then six valid 3D-FE models of deep drawing have been 
developed. 
 
Table 1 Tool and material geometry parameters used in model 

Parameter Value 

Blank thickness, t/mm 0.6 

Blank diameter, D/mm 260 

Die profile radius, r/mm 4 

Die diameter, Dd/mm 84.21 

Punch diameter, Dp/mm 83.01 

Punch travel, L/mm 84.5 

 
Select n=0.03, 0.0653, 0.1, 0.2, 0.3, 0.4, but retain 

other parameters as listed in Table 1, then six valid 
3D-FE models of deep drawing have been developed. 
 
3 Results and discussion 
 
3.1 Equivalent plastic strain 

During deep drawing process, metal flow law of 
drawn part can be known through the analysis of 
equivalent plastic strain nephogram. Fig.2 shows the 
influences of material parameters on the equivalent 
plastic strain (identified by the symbol of PEEQ in 
ABAQ US environment) along the meridian direction of 
the drawn surface part. It can be seen that when E 
increases but n or σs decreases, the equivalent plastic 
strain increases, and generally, higher equivalent plastic 
strain occurs at wall region outside the die corner, 
because this area is the potentially dangerous location for 
a crack. But, when the value of n or σs continuously 
reduces, higher equivalent plastic strain occurs at ball top. 
So, it is identified as the dangerous area for potential 
cracks. Figs.2(b) and (c) show equivalent plastic strain 
nephogram and the final shape of drawn part in several 
particular cases. The maximum equivalent plastic strain 
occurs near the wall region outside the die radius. 
Wrinkle is observed at this region and flange portion of 
the part at case of σs=450 MPa or n=0.3. When the 
hardening exponent n is decreased to 0.03 or yield stress 
σs is decreased to 70 MPa, the equivalent plastic strain 
increases suddenly near the ball top, indicating that 
tearing of the material takes place as shown in Figs.2(b) 
and (c). 
 
3.2 Punch force 

During deep drawing process, punch force evolution 
law can be represented from the curve of punch force 
versus displacement, and it can provide a guide for 
selecting proper press machine. Fig.3 shows the 
influences of material parameters on punch force in the  
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Fig.2 Influences of material parameters on equivalent plastic strain of drawn part: (a) E; (b) σs; (c) n 
 
deep drawing process. It can be seen that when E, σs or n 
increases, higher punch force occurs, and the influences 
of σs and n on punch force are more notable. In Fig.3(c), 
the punch force varies depending on hardening exponent 
n applied in the simulation. The higher the hardening 
exponent n is, the larger the punch force is required, but 
an excessively high value of n (i.e. n=0.3) results in 
wrinkle. As the wrinkle grows and develops, the punch 
force required becomes erratic. 
 
3.3 Thickness variation 

Thickness is one of the major quality characteristics 

in sheet metal part formed. Thickness is unevenly 
distributed in the part after deep drawing generally, with 
the minimum thickness at the region of punch radius and 
outside the die corner, and the maximum thickness at the 
flange area. Existence of thickness variation during the 
production may cause failure in the part. The main 
objective is to reduce thickness variation in the deep 
drawn part, i.e. to minimize the value of thinning and 
thickening. Fig.4 shows the influence of material 
parameters on maximum thinning and maximum 
thickening of the production. From Fig.4, it can be seen 
that when E decreases but n or σs increases, the 
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maximum thinning decreases and depends obviously on 
σs and n, then E. When E increases but n or σs decreases, 
the maximum thickening decreases and the influences of 
n are notable. The influence of E on thickness variation 
is indistinctive. 
 

 
Fig.3 Influences of material parameters on punch force: (a) E; 
(b) σs; (c) n 
 
4 Experimental works 
 

The experiments are conducted on a 500 t hydraulic 
press. Hemispherical dies are designed and fabricated. 
Test blanks of 08AL steel and commercially pure (CP) 
titanium are adopted. The mechanical properties of the 
blanks are listed in Table 2. It is seen that yield strength 

and hardening exponent of CP titanium are smaller than 
those of 08AL steel. The fully drawn parts for lower 
BHF are shown in Fig.5. It is found that wrinkles occur 
at flange and side wall region of 08AL steel drawn part, 
while they do not occur at CP titanium part. The results 
indicate that the larger the σs or n is, the larger the BHF 
 

 

Fig.4 Influences of material parameters on thickness variation 
of part: (a) E; (b) σs; (c) n 
 
Table 2 Mechanical properties of CP titanium and 08AL steel 

Parameter CP titanium 08AL steel 

Yield strength, σs/MPa 188 215 

Hardening exponent, n 0.1 0.22  
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Fig.5 Views of fully formed parts: (a) CP titanium part; (b) 
08AL steel part 
 
is required, i.e. the CP titanium part is easier to form than 
08AL steel. So, we can say experimental observations 
are in agreement with the FE simulation. 

These results may provide some guidelines for 
selecting the materials of blank and determining the 
forming parameters according to the change of materials 
parameters. 
 
5 Conclusions 
 

1) When E increases but σs or n decreases, the 
equivalent plastic strain increases, and generally, the 
maximum equivalent plastic strain occurs at wall region 
outside the die corner. But when the value of n decreases 
to 0.03 or σs is smaller than 120 MPa, higher equivalent 
plastic strain occurs at ball top. 

2) When n, E or σs increases, higher punch force 
occurs, and the influences of n and σs on punch force are 
more notable. 

3) When E decreases but n or σs increases, the 
maximum thinning decreases and depends mainly on n 
and σs, then E. When E increases but n or σs decreases, 
the maximum thickening decreases and the influences of 
n are notable. 
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