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Sheet hydroforming has become an effective method in the material manufacturing fields because of 

its many advantages. A new metal forming method of drawing with two-sided pressure was 

investigated in this paper, in order to deal with the problem of the defects in asymmetric cylindrical 

part processing. This method exerts liquid pressure on the upper sheet surface coordinating with the 

counter pressure. The upper pressure can offset the pre-bulging which is suited for forming complex 

shape parts such as cylindrical and semi-ball cup. The results showed that pressure increased, and the 

single drawing ratio 2.2 was achieved by drawing with two-sided pressure compared with 1.9 in 

traditional forming. 
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1. Introduction 

With the development of aerospace and automotive industry, domestic and foreign industry 

highly demands for structural lightweight, precision composite and combined forming[1]. 

Sheet hydroforming technology is an advanced metal flexible manufacturing technology 

which liquid is used as transmission media to form the parts[2]. it has some advantages 

such as short manufacturing cycle, low deformation, formed parts has high precision and 

good surface quality[3]. 

To deal with the problem of the defects in cylindrical cup processing, a new metal 

forming technology of drawing with two-sided pressure was investigated in this paper, the 

new forming technology can offset the pre-bulging which lead to rupture[4],and have many  
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advantages such as: (1) two-sided pressure changes the force distribution in forming which 
increases the deformation;(2) two-sided pressure reduces the radial stress and prevent 
premature rupture which ensuring higher limiting drawing ratios; (3) two-sided liquid  
helps in reducing friction and results in a more uniform part thickness distribution;(4) 
Significant saving processes, reducing costs and improving production efficiency[5]. 

2. Theoretical analysis 

In this paper, an asymmetric cylindrical part of 5A06 aluminum alloy was investigated, 
shown in Fig1, the thickness 1mm，Yield strength 135Mpa,Tensile strength333Mpa was 
measured is experiment. 

Drawing two-sided with two-sided pressure is one of the sheet hydroforming 
technology which exerts liquid pressure on the upper sheet surface coordinating with the 
counter pressure. Another oil-in was designed in drawing die to achieve the upper pressure. 
 

  
Fig. 1. Asymmetric cylindrical part              Fig. 2. Numerical simulation model 

3. Numerical simulation 

The process was simulated using the software Dynaform5.7 and the explicit finite element 
solver LS-DYNA, the explicit element solver model was shown in Figure 2. The punch, 
blank holder, blank and die were modeled as rigid tools. The material model of 5A06 was 
used to define the flow characteristics of the blank material. Half of the part was used in 
simulation as the symmetrical structure. The gap between blank holder and die 1.1mm, the 
punch speed 500mm/s were used in simulation. 

The simulation process was carried out by using different upper pressures in order to 
optimize the drawn cup thickness(counter pressure 30Mpa), as is shown in Figure 3. Then 
on the basis of first step changes the two-sided  pressure to find the optional pressure value 
in Figure 4. 
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Fig. 3. Upper pressure load path                                 Fig. 4. Two-sided  pressure load path 

4. Results and discussion 

4.1. Upper pressure influence on thickness distribution 

Figure 5 compared the simulation results of upper pressure effect and no upper pressure 
effect. It can be seen that, a bulge forms in the unsupported blank region which lead 
thickness. And upper pressure can optimizing the bulge height which reduces the 
possibility of blank rupture due to bulging. 

 

     
(a)Pre-bulging induces thinning                           (b)Upper pressure offsets bulging 

Fig. 5. Upper pressure influence on forming 

Figure 6 shows the cup thickness in different upper pressures, it can be seen that, when 
counter pressure 30Mpa, upper pressure 5Mpa (the pressure different 25Mpa ), the 
minimum thickness was 0.80mm. 

 
Fig. 6. Minimum wall thickness curve under different pressures 

4.2. Two-sided pressure influence on thickness distribution 

Figure 7 shows the thickness distribution under different two-sided pressures. It can be 
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seen that cup thickness became uniform as two-sided pressure increased, when upper 
pressure 0Mpa,counter pressure 25Mpa, the minimum thickness 0.77, thinning rate 23% 
and the thickness different 0.93mm. when upper pressure 10Mpa, counter pressure 35Mpa, 
the minimum thickness 0.8mm, thinning rate 20% and the thickness different 0.88mm. 

                      
(a) 0Mpa, 25Mpa                                         (b) 5Mpa, 30Mpa 

                       
(c) 10Mpa, 35Mpa                                      (d) 15Mpa,40Mpa 

Fig. 7. Thickness distribution under different pressures 

 
Fig.8. Thickness distribution curve under different pressure 

The thickness distribution was shown in Fig 8 under different pressures. It can be seen 
that the serious thickness decreases at the punch radius. As the pressure increased, the 
thickness become uniform because of the liquid lubrication effect. 

5. Experimental Research 

The drawing die was divided into five parts: upper die, lower die, punch, hydraulic pump 
and sealing circle. Lower die was filled with oil which produced counter pressure. Upper 
die was designed to realize upper pressure. Sealing circle and sealing ring were designed 
to realized static seal and dynamic seal. 

In conventional hydromechanical deep drawing, high counter pressure results in 
rupture due to bulge which is shown in Figure 9 (a), in the present die set, upper pressure 
can optimize the bulge and make thickness distribution uniform. As is shown in Fig. 9(b). 
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(a) None upper pressure                                    (b) Existence upper pressure 
Fig. 9. Upper pressure influence on forming 

Sixteen points were selected in the formed parts to compare the thickness distribution. 
Fig 10 shows the thickness distribution. It can be seen that with upper pressure, the 
thickness distribution became more uniform than with no upper pressure. 

   

Fig. 10. Comparison of thickness distribution                             Fig. 11. Comparison of  formed part  

Figure 11 compared the formed parts of two-sided pressure drawing and conventional 
deep drawing. It can be seen that, the drawing ratio was 1.7 in conventional deep drawing, 
however using upper pressure the drawing ratio can increase to 2.2, with 30% increased. 

 
(a)Upper 0Mpa, lower 10Mpa 

 
(b)Upper 10Mpa, lower 20Mpa 

Fig. 12. Typical zone thickness distribution 

The ASAME strain test analysis software was used to analysis the typical regional 
strain, as is shown in Figure12. When upper pressure 0Mpa, counter pressure 10Mpa, the 
maximum thickness strain at  corner -24.5%,  at bevel face -3.6%, as the two-sided pressure 
increased, the absolute value of thickness strain decreased at the same time. 

Thickness distribution under different pressures were measured and drawled into 
curves (Figure 13), it can be seen that, when upper pressure 0Mpa, counter pressure 10Mpa, 
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the formed cup minimum thickness 0.68mm, as the upper pressure increased, the minimum 
thickness increased. When upper pressure 5Mpa, counter pressure 15Mpa, the minimum 
thickness 0.74mm, when upper pressure increased to 10Mpa, counter pressure increased  
to 20Mpa，the minimum thickness increased to 0.77mm. As a result, two-sided pressure 
can obviously prevent rupture, improve uniform thickness and finally improve the 
production quality. 

 
Fig. 13. Section thickness distribution curve under different pressures 

6. Conclusions 

In this paper, theoretical analysis, numerical simulation and experimental studies were used 
in deep drawing with two-sided pressure, the results showed that: The variation of the 
pressure in the die cavity affects the forming process significantly, upper pressure plays a 
positive role in offsetting bulge and prevent rupture in deep drawing; Drawing with two-
sided pressure can improve the stress distribution in deformation zone, which decrease the 
thickness, and can effectively improve the forming limit;When upper pressure 10Mpa, 
counter pressure 20Mpa, blank gap 1.1mm, a asymmetric cylindrical part with drawing 
ratio 2.2 can be formed. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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