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Abstract. In order to form the thin-walled hollow parts with large deformation, a technology has been developed in present study 

by combination of hydroforming with moving dies similar to forging process, known as a hydroforging technology. Based on the 

finite elements simulation, the process of hydroforging was investigated to avoid thinning, wrinkling, and bursting due to 

unreasonable selection of the internal pressure. The suitable loading path was discussed. The results from simulation keep a 

reasonable agreement with that from experiment..  

ABSTRACT 

As an advanced lightweight forming technology, tube 

hydroforming has been more attractive in the fields of 

automobile, aeronautical and astronautical industry, due 

to its non-replaceable advantages in making hollow 

variable cross-section tube components [1]. However, 

there are still some defects such as wrinkling, buckling 

and bursting due to the improper relationship between 

inner pressure and axial feed during hydroforming 

process, which is referred as loading path [2].  

The combination of hydroforming and precision 

forging, known as a hydroforging technology has been 

developed recently in order to improve the formbility of 

the hollow parts. Muller at el. carried out experiments to 

manufacture thick walled tubes by combining forging 

process with tube hydroforming processes [3]. In this 

process, a thick tube is upset by a closing movement of 

upper and lower dies followed by punch movement 

through a liquid medium contained within the tube. The 

punch displacement causes the pressure to increase inside 

the tube to form the part. Ngaile developed an analytical 

model to calculate instantaneous pressure, material feed, 

stresses, strains, and other geometrical parameters during 

the hydroforging process [4]. However, parts with 

uniform wall thickness distribution were hard to achieve 

by this process. The liquid medium is pressurized just by 

the movement of the punch. The internal pressure and the 

loading path are difficult to control and the maximum 

pressure is limited resulting in part defects such as 

surface folds and underfill during hydroforging. Even 

more important, the researches of these scholars show 

that just thick-walled tubes are suitable for hydroforging 

due to the plastic instability in the forging process. 

Usually for the tube blank, inner diameter-to-wall 

thicknesses ratio are not allowed above 10. 

In present work, one novel hydroforging technology 

was proposed to process the large deformation on the 

manufacture of a water pump part in terms of thin-walled 

tube. The research was carried out mainly involved in die 

design, process simulation and parameters optimization. 

In addition to process optimization for enhanced 

formability, the variation of loading paths has been 

investigated to determine their influence on both part 

formability and quality by finite element simulation and 

experiments respectively.  

 

Figure 1. The geometrical dimensions of the needed part 
(dimensions in mm). 

Submersible pump is a versatile tool for water 

treatment, which is usually made of AISI 304 austenitic 

stainless steels. The part geometrical dimensions are 

shown in Fig.1. The welded tube was used with the wall 

thickness of 1.5mm. The diameter of the original tube 
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blank is 128mm which should be expanded to 175mm. 

Therefore, along the circumferential direction in the 

middle area, the total needed deformation ratio reaches 

nearly 38%. There are very small transition radii at the 

edge position where the radii are 1 and 4 respectively. 

The thinning rate of wall thickness must be within 20%, 

which means the permitted wall thickness is 1.2 mm. 

According to the geometrical dimensions, it was found 

that it is hardly to form a satisfactory part by 

hydroforming directly. Due to the character of axis-

symmetry, the hydroforging die was designed for forming 

double parts each time in order to increase the production 

efficiency. The principle of hydroforging process for the 

needed part in present study is shown in Fig.2. The whole 

forming process can be divided into three main stages: 

low pressure bulging, medium pressure forging and high 

pressure calibrating. The tube blank was firstly injected 

with the liquid and sealed by two punches. The tube 

formed to a transition shape through the hydroforming 

process in which the internal liquid was pressurized via 

an external pressurization system in place of the 

movement of the punch as shown in Fig.2(a). Then the 

transition shape was forged to the near-terminal shape by 

the movable tools when the internal liquid pressure was 

holding or increasing according to the actual forging 

force and the wall thickness of tube blank as shown in 

Fig.2(b).  

 

 

 
Figure 2. The principle of tube hydroforging process. 

 

Although the punches have no need to feed the tube 

during forging process, the punch stroke must be given 

and equal to the forging tool stroke in order to seal the 

tube ends, due to decrease in length of tube caused by the 

forging process. Finally, the internal liquid was continued 

to be pressurized to force the tube to fully fill the die 

cavity, especially for the edge position as shown in 

Fig.2(c). The punches and forging tools kept stationary at 

the same moment. When completed, punches and forging 

tools went back, and the closing dies were opened. 

The FE simulation software, ETA. Dynaform 5.9.1, 

was used for numerical analysis. The simulation was also 

conducted for three stages: low pressure bulging, medium 

pressure forging and high pressure calibrating. For 

simplicity only the contact surfaces between tools and 

tube were modeled. The tube was modeled as 3D model 

with Belytschko–Tsay 5-node quadrateral shell elements. 

The number of elements of the tube was 3976. The 

punches, tools and die were modeled by 3D analytical 

rigid element, and because of the type of the element, 

they was not meshed and analyzed. A penalty-based 

contact treatment was prescribed between the die and 

tube. Using the Coulomb friction law, the friction 

coefficient between the tube blank and the die surfaces 

was considered to be 0.1 in the simulations. 
Three loading paths, i.e. the relationship of internal 

pressure and punch stroke, used both in simulation and 

experiment are shown in Fig.3, indicated as Paths 1, 2 

and 3. The main differences focus on the internal pressure 

during hydroforming and forging, while there is the same 

calibration pressure at the last stage.  

In Path 1, the pressure for hydroforming is 50MPa 

which retains in subsequent forging stage. In Path 2, the 
pressure for hydroforming is 30 MPa which retains in 

subsequent forging stage. In Path 3, the pressure for 

hydroforming is 30MPa which continues to increase to 

50MPa in subsequent forging stage. The stroke of the 

punches and forging tools are kept in the same condition 

for all loading paths.  

In addition, the tube blank was free bulged to a 

mountain-shape as the transition shape at hydroforming 
stage in present study. Both the simulation and 

experimental results were analyzed by the three loading 

paths. 
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Figure 3. Loading paths employed both in simulation and 
experiment. 

By applying Path 1, the burst occurred at the center of 

the deformation zone at forging stage as shown in Fig.4. 

Due to the die design for double parts, it indicated that 

there is only one side feeding for each part during 

hydroforming. Therefore, when the internal pressure 
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increases faster than the punch stroke to axial feeding, it 

cannot supply enough material for the circumferential 

expansion leading to excessive thinning of tube during 

hydroforming the transition shape. Fig.5 shows the 

simulation results before and during forging stage. The 

tube is free bulged at hydroforming stage, in a sense 

where the largest deformation is located in the middle of 

the deformation zone seen in Fig.5(a). The smallest 

thickness has already been 1.08mm with the thinning rate 

of 28% just after hydroforming. Therefore, it was found 

in the FLD curve simulated from Dynaform own function 

in Fig.5(b), the tube tends to burst at the thinning position 

when forming the near-terminal shape in subsequent 

forging stage. 

 
Figure 4. Bursting at forging stage. 

 

 
Figure 5. The thickness distribution of the formed part in 

simulation with Path 1 (a) after hydroforming, (b) during 

forging stage. 

As shown in Fig.7, the simulation results by Path 2 are 

given. It is found that the excessive thinning of wall 

thickness can be avoided, when the internal pressure 

decreases to 30MPa at hydroforming stage. Fig.6(a) 

shows the thickness distribution of the formed part. The 

thinning rate is below 15%. However, the tube tends to 

fold and wrinkle when the forging tools compress the 

tube with transition shape, due to plastic instability 
caused by the relative low pressure inside the tube in 

subsequent forging stage. Fig.6(b) shows there is severe 

folding in forging stage. Although the subsequent 

calibration pressure is very high, wrinkles can not be 

removed in the most severe case seen in Fig.6(c). The 

folding is obviously seen at the deformation zone of the 

formed part as shown in Fig. 7. 

 

 
Figure 6. The simulation results with Path 2 (a) thickness 
distribution after hydroforming, (b) folding at forging stage and  
(c) wrinkle at calibrating stage. 
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Figure 7. The folded part in the experiment. 

 

By applying Path 3, at forging stage, the internal 

pressure is raised from 30 to 50MPa gradually. The 

severe thinning could be inhibited. The final thinning rate 
of wall thickness has been within 20%. On the other 

hand, the plastic instability of the tube is avoided. Fig. 8 

shows a sound part obtained with Path 3. 

 

 
Figure 8. The part formed by hydroforging with Path 3 (a) in 
simulation (b) in experiment. 

 

In present study, one new hydroforging technology 

was proposed. It is proved that this new forming process 

can effectively product the thin-walled hollow parts with 

large deformation. Compared with conventional 

hydroforming, the formability of the thin-walled tube 

could be remarkably improved through the hydroforging 

process. From the results of simulation and experiment, it 

indicated that severe thinning tends to happen at free 

bulging stage while wrinkle and burst are prone to occur 

in subsequent forging stage and calibrating stage. 

Therefore, a reasonable selection of the internal pressure 

and loading path is the key for hydroforging. This study 

has shown that the presented method is practical in use 

and efficient to form the thin-walled parts with large 

deformation. 
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