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Abstract  

The present analysis is intended to predict the optimal die entrance radius and optimal hydrostatic 

pressure for axisymmetric tube bulge hydroforming in a closed die such that the blank undergoes 

maximum deformation without failure or distortion. The tubular blank geometry and properties, 

and bulge diameter were provided as input. The intermediate stages were calculated to obtain the 

range of hydrostatic pressure followed by optimal die fillet radius. A thin walled tube was proposed 

to form bulge using tube hydroforming with both the ends sealed and no axial feeding was allowed. 

In this study finite element Code simulation has been implemented to estimate the optimal die 

shape. The intent of the simulation was to determine the entrance radius that would result in a 

product with the maximum attainable formability of the material into the die.  
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1. Introduction 

Tube Hydroforming (THF) is an innovative 

forming process which is generally used to 

form complex components from tubular 

blanks. Components are formed by restraining 

the blank in a die bearing the desired shape 

and applying an internal hydrostatic pressure 

to the tube via a liquid or solid pressure 

medium. Using THF, the bulge can be 

deformed in a number of steps in accordance 

to the pressure load paths and the metal 

material flow [1]. Forming by pressure load 

alone is limited in the type and quality of 

components it can produce. The pressure load 

path can be a function of stroke or time (high 

pressure and low pressure), and the metal flow 

can be directed at one end or both end, or 

both the ends can be restricted. Therefore, 

design of the deformation stage is crucial 

for forming the part and requires the 

design of the blank holder and die shape 

from the part geometry. In this paper has 

been considered only high pressure tube 

hydroforming, however it didn’t 

investigate how different loading paths 

influence the forming quality. 

THF is becoming increasingly important as a 

technology as it can be used to produce 

seamless, lightweight and near-net-shape 

industrial components, such as axle casings, 

metal bellows, stepped hollow shafts, etc. The 

process is being increasingly applied in the 

automotive and aerospace industries where the 

demand for increased structural strength and 

decreased vehicle weight make it a very 

attractive manufacturing method [2]. THF is 
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quicker, cheaper and less complex than the 

alternative, which is to machine the 

component from a casting or to weld a number 

of parts together. THF can also be applied to 

a wide range of materials, such as copper 

and its alloys, aluminum, steel, etc. The 

fact that, copper composes different alloys 

with different material properties that 

offers an outstanding resistance to 

corrosion, and ease of fabrication, together 

with good strength and fatigue resistance 

and hence, very attractive in applications 

that require complex components.  

In spite of several advantages, 

hydroforming is not very much popular in 

small manufacturing industry as there is no 

large ``knowledge base'' that can be 

utilized for process and die design. Due to 

lack of extensive base, die and process 

development is costly. Hydroforming is an 

example of increased apparent formability. 

The precision and productivity of the 

process is very much depending on the 

geometry of the die; the size of die 

entrance affects the metal flow of the 

tubular blank in the die cavity. It has been 

observed that when the size of entrance 

angles increases, the blank metal is able to 

flow easily to fill in the die cavity and 

hence, for metals with less formability, 

failure can be prevented [3].  

Fuchizawa [4] used total strain theory to 

analyze the relationship between the die 

profile and the forming pressure for bulge 

hydroforming with tube fixed at both ends and 

the deformation of the tube was caused just by 

internal hydrostatic pressure. In this paper, the 

Von-Mises stress theory [5] has been used to 

obtain feasible set of die profile and 

hydrostatic pressure for axisymmetric bulge 

hydroforming.    

2. Design assumptions 

The die blank arrangement has been shown in 

Fig. 1, where both the ends of the tube are 

sealed. Copper alloy (brass) was used as 

tubular blank material and die was assumed to 

be made of high carbon steel (SAE 1095 oil 

quenched). The tube was ø30 x 102 mm and 2 

mm thick. Table 1 and Table 2 show the 

mechanical properties of the tube material 

and die material respectively. 

 
Figure 1: THF Die arrangement 

 

 
Figure 2: Initial consideration for Bulge 

 

Material properties for Cu-alloy (brass) [6] 

Tensile strength     470 MPa 

Yield strength 365 MPa 

Young’s modulus 110 GPa 

Poisson’s ratio 0.32 

Tangent modulus 552 MPa 
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Table 1 

 

Material properties of SAE 1095 oil quenched 

Steel [7] 

Tensile strength 1300 MPa 

Yield strength 896 MPa 

Young's modulus 207 GPa 

Poisson's ratio 0.3 

Tangent modulus 690 MPa 

Table 2 

 

 

3. Optimization problem formulation  

The analysis and simulations were carried 

out using FEM-ANSYS with the initial 

consideration as shown in Fig. 1. The die 

was modelled as a linear elastic material 

model, while the blank was modelled 

using a nonlinear elasto-plastic material 

model (bilinear isotropic hardening), and 

the hydro liquid is as internal uniform 

pressure. The die and blank were all 

modelled using four node plane 

axisymmetric elements. By taking 

advantage of symmetry it is possible to 

model one quarter of the die–blank 

assembly (Fig. 3) and still obtain a full 

three-dimensional solution (Fig. 4).  

 
Figure 3: Discretized FEM model 

 

A contact pair was generated between the 

die (target element) and the blank (contact 

element). The outer perimeters of the die 

were constrained in all the directions and 

the symmetry edges of the die are 

constrained in the appropriate directions. 

The pressure load was applied as a surface 

load on the inner surface of tubular blank. 

 
Figure 4: ANSYS simulation model 

 

During tube hydroforming, the blank is 

subjected to high pressure and the material 

has to support high stress. The below 

figures (Fig. 5 - 8) illustrates the 

distribution of Von-Mises stress in the 

tube during hydroforming process. It was 

seen that the maximum amount of stress 

was developed where there is no contact 

between the blank and die before the blank 

is crashed. 

 
Figure 5: Distribution of Von-Mises stress at 

pressure 60 MPa at plastic strain 0.013814 
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Figure 6: Distribution of Von-Mises stress at 

pressure 75 MPa at plastic strain 0.3349 

 

 
Figure 7: Distribution of Von-Mises stress at 

pressure 88 MPa at plastic strain 0.570127 

 

 
Figure 8: Distribution of Von-Mises stress at 

pressure 100 MPa at plastic strain 0.936385 

 

The tube completely deformed into die 

cavity at 104 MPa and Von-Mises stress 

developed in the blank was 907.891 MPa 

which was also the maximum during the 

deformation process.  

 

 

 
Figure 9: Stress-Pressure curve during THF 

 

 
Figure 10: Strain variation in THF process 

 

The simulation resulted in the above curve 

to establish the Stress-Pressure 

relationship (Fig. 9) and Strain-Pressure 

relationship (Fig. 10). The plastic strain in 

the guiding zone is negligible and becomes 

maximum in expanding zone. Using the 

above information, based on Von-Mises 

stress theory, an optimization model was 

formulated and the optimization was 

carried out using ANSYS Design Opt. 

  

4. Result & Discussion 

6 sets of solution were obtained as 

optimization result. The optimization 
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shows the relationship between the radius, 

stress, hydrostatic pressure and bulge 

height (Fig. 11a & 11b). 

 

 
Figure 11a: Optimization curve 

 

 

 
Figure 11b: Optimization curve 

 

The optimal solution was obtained at 

entrance radius of 13.346 mm and the 

pressure required for the complete 

deformation of the tube was calculated as 

102.18 MPa. The best solution was found 

as; 

Entrance radius 13.346 mm 

Hydrostatic pressure 102.18 MPa 

Stress developed 817.15 MPa 

 

 
Figure 12: Deformation at optimal solution 

 

An experimental set up was established to 

validate the result obtained by 

optimization. 

 

5. Conclusion 

Some findings of the paper are 

summarized as follows: 

1. The maximum amount of stress is 

developed where there is no contact 

between the blank and die, and at the point 

to come into contact.  

2. As the entrance radius increases, the 

forming pressure decreases. 

 3. In case of free bulging, smaller die 

entrance radius results in less bulge height. 

4. Entrance radius must be specially 

designed in order to maintain a smooth 

flow of material to avoid failures and to 

prevent thinning. 
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