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Abstract 

Deep drawing and hydroforming deep drawing (HDD) are the two conventional methods for production of cylindrical 
cups. In this paper, two cylindrical workpieces have been produced with separated dies and the deformation force and 
sheet thickness distributions have been compared. For increasing drawing ratio in the hydroforming deep drawing, 
pressure chamber must be calculated and exerted properly. Limited tearing pressure curve have been obtained with 
finite element simulation. By considering of this approach and conducting a series of hydroforming experiments, proper 
pressure will be selected. Finally, workpiece was drawn with 2.3 drawing ratio by using proper pressure path. Results 
have shown that although hydroforming deep drawing needs more forces, more drawing ratio can be achieved as a 
result.  
Keywords: Conventional deep drawing, Hydroforming deep drawing (HDD), Finite element simulation. 
 
Introduction 

One of the important metal forming process is “deep 
drawing” which has been used in a wide range of 
industrial applications for converting the sheet into the 
hallow workpiece. Recently, Conventional deep drawing 
has been substituted with Hydroforming deep drawing 
(HDD) to product industrial workpiece with high Limiting 
drawing ratio (LDR) (Parsa & Darbandi, 2008). Schematic 
cylindrical cup drawing with HDD process is shown in 
Fig.1. A pressurized fluid is employed in front of the 
workpiece. As the punch travels, the workpiece begins to 
deform into a cylindrical cup (Kandil, 2003). 

Some of the advantages of sheet hydroforming are 
improving the material formability, reduction of friction 
force, the accuracy of the forming part and the reduction 
of forming stages because of improvement in LDR (Lang 
et al., 2005; Oh et al., 2006). 

Numerous researchers have attempted to improve 
drawing ratio. Yoshihara et al. (2005) have observed 
improvement in the LDR at 300 ◦C by controlling a 
variable blank holder force (BHF) in comparison with the 
constant BHF conditions.  For the Steel-14 sheet with the 
conventional deep drawing processes drawing ratio more 
than 2, literatures don't usually report where this drawing 
ratio is possible in the hydroforming deep drawing 
increase. One of the key parameters for increasing 
drawing ratio in the HDD is pressure chamber that must 
be calculated and exerted properly (Yossifon & Tirosh, 
1985). Wu et al. (2004) and Khandeparkar & Liewald 
(2008) obtained rupture and wrinkling diagrams for 
stepped punches by finite element simulation and 
experiments. Thiruvarudchelvan and Tan (2006) 
performed theoretical analysis and experimental 
approach from hydraulic pressure-assisted deep drawing 
process. Hama et al. (2007) developed an elasto-plastic 

finite element method for the sheet hydroforming of 
elliptical cups.  Zahedi et al. (2009) obtained tearing 
curve of cylindrical cup via theoretical study. They  
investigated on the effect of anisotropy, drawing ratio, 
sheet thickness and strain hardening component. 

In this paper, two cylindrical workpieces have been 
produced with separated dies. Final workpieces have 
been compared in deformation force and sheet thickness 
distributions. In HDD limited tearing pressure curve was 
obtained with finite element simulation. By considering 
this diagram and conducting a series of hydroforming 
experiments, proper pressure is selected. Finally, by 
using proper pressure path workpiece was drawn with 2.3 
drawing ratio.  
 
Finite element simulation 

The FE model is shown in Fig. 2 in an exploded view. 
Because of symmetry, only one-quarter of the blank and 
the tool components were modeled in Abaqus/CAE V6.6.  

During all of simulations, tools (punch, pressure 
chamber components) were considered to be rigid while 
sheet constitute deformable material. Friction was 
modeled between the blank and the tool components as 
the Coulomb assumption. Symmetry boundary conditions 
were specified on the appropriate boundaries of the 
blank. The liquid was not modeled, but a uniform 
distribution pressure was applied as the fluid pressure 
instead directly to the blank on the die opening. For 
identifying the pressure area, Subroutine Vd load was 
utilized in Abaqus/CAE 6.6. 
 
Experimental work 

Two dies and experimental system are shown in 
Fig.3. The experiments were carried out on DMG 
(Denison Mayers Group) 2002 press.  
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Fig 2. The FE model for the analysis of HDD
 And deep drawing in Abaqus/CAE V6.6. 

Fig. 3. Dies and experimental system . a). 
Hydroforming deep drawing die component     

b)  conventional  Deep drawing die component; c) Die 
mounted on DMG press. 
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Fig. 4   Force- Stroke curves via experiment and FE 
simulation (St-14 sheet, β=2, sheet thickness 1 mm).

Fig.1. Hydroforming Deep Drawing (HDD)
 process (Kandil, 2003).  
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The material properties of steel 14 sheet and the 

process parameters are given in Table 1 & 2, 
respectively. 

 
 

 
Results and discussion 

To verify the simulation result, blanks of diameters 70 
mm, 1 mm thickness and punch head diameter 35 mm 
that has created drawing ratios β=2 were implemented. In 
Fig.4, the Force-Stroke curves were resulted from finite 
element simulation (FE) and experimental for two dies 
are shown. The trend of the FE simulation and 
experimental result show acceptable conformity. 

For comparison of the force in conventional deep 
drawing and hydroforming, experimental date of two 
above curves was drawn in Fig. 5 again.  It shows more 
forces would be consumed in hydroforming rather than 
deep drawing. In addition to deformation force occurred in 
two methods, hydroforming will have liquid resistant 
pressure that exert against punch travels. This 
phenomenon will increase the amount of force.  

For comparison of the force in conventional deep 
drawing and hydroforming, experimental date of two 
above curves was drawn in Fig. 5 again.  It shows more 
forces would be consumed in hydroforming rather than 
deep drawing. In addition to deformation force occurred in 
two methods, hydroforming will have liquid resistant 
pressure that exert against punch travels. This 
phenomenon will increase the amount of force.  

The final workpieces exerted form two methods are 
shown in Fig.6. Sheet thickness distributions of two 
workpieces in A-B path are shown in Fig.7. It is necessary 
to say that for measurement of thickness distribution a 
micro ultrasonic thickness distribution was implemented. 
Result has shown that in hydroforming thickness 
distribution is more uniform than deep drawing. In fact this 
is the biggest advantage of hydroforming procedure 
which conducted cups with higher drawing ratio. 

Pressure path is the most important parameter in 
sheet hydroforming processes. For increasing the 
drawing ratio, the pressure path under the sheet must 
exert properly. Low pressure results wrinkling of the part 
and excessive pressure will tear the workpiece. In order 
to define the tearing pressure curve, several counter 
pressure–punch displacement histories were prescribed 
for the simulation. The rupture criterion used in this paper 
is the critical effective strain at instability (Yossifon & 
Tirosh, 1985). 

Table 1.Material properties of steel 14 sheet. 

Thickness Poisson 
ratio 

Young’s 
modulus Density Anisotropy 

1mm 0.3 
210 
GPa 

1700 
Kg/m3 1 

Table 2. Material processes of the experiment.
Punch 

diameter  
Blank 

diameter  
Friction 

coefficient  
Blank holder 

force 
35 mm 70 mm 0.08 1000 KN
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Fig.  5.   Force-Stroke curve via experiment for
 hydroforming and deep drawing dies  

(St-14 sheet, β=2, sheet thickness 1 mm). 

Fig. 6. Final cylindrical cup (st-14 sheet, β =2,
Sheet thickness 1 mm). 
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Fig. 7. Sheet thickness distribution of final workpieces,
(St-14 sheet, β =2, Sheet thickness 1 mm) 
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Fig. 8. Tearing pressure cure via FE simulation,
 (St-14 sheet, β =2.3, Sheet thickness 1 mm). 

Fig. 9. Three pressure paths selected in tearing pressure
diagram (St-14 sheet, β =2.3, Sheet thickness 1 mm). 
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Fig. 10. Final workpieces with experimental and finite element simulation. 
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Fig. 8 shows the limited tearing pressure curve obtained 
from finite element simulation for drawing ratio 2.3. For 
testing tear diagram, several hydroforming experiments 
performed. Some pressured paths selected and tearing 
study on themes were investigated. 

As it can be seen in Fig.9, pressure paths 1 and 2 will 
result rapture in the workpieces. Pressure path 1 has over 
pressure and as a result workpiece will tear at the first 
stage. Under pressure path 2, workpiece has drawn more 
but workpiece is finally torn. Pressure path 3 is selected 
near the tearing pressure path and is a proper pressure 
path that draws workpiece successfully. Simulation and 
experimental of cups under three pressure paths were 
illustrated in Fig.10.  

Increasing drawing ratio in cylindrical cup is shown in 
Fig. 11. By using proper pressure path cup was drowned 
with drawing ratio 2.3. 
 

 
 
 
Conclusion 

Hydroforming deep drawing however consumes more 
forces rather than conventional deep drawing; thickness 
distribution is more uniform, and then it will cause to 
produce cups with higher drawing ratio. By selecting 
proper pressure path, steel 14 is drawn with 2.3 drawing 
ratio. 
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Fig. 11 Workpieces with high drawing ratio. 


