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Abstract 
The present research is focused on experimental results and theoretical 

analysis of sheet hydronning of high purity copper with circular and square 
shapes under the biaxial stresses. It has been found that the displacement in the 
circular shape specimens is more than of the square shape specimens at the same 
area of deformation. However, at the same time. The plastic deformation 
equivalent at the specimens for the circular shape is more than of the square 
shape specimens at the same strain equivalent. The thinning of the sheets at the 
pole for the circular shape specimens is less than that of the square shape 
specimens. This will lead to improve the performance of the circular shape 
product. 

Keywords: Hydroforming; Copper sheet; biaxial stresses; circular shape; square 
shape. 

  التشكیل الھیدرولیكي لصفائح النحاس عالي النقاوة لانتاج اشكال مختلفة

 الخلاصة
يركز البحث الحالي على النتائج العملية والتحليل النظري للتشكيل الهيدروليكي لصفائح       

. النحاس عالي النقاوة لانتاج اشكال ذات مقاطع دائرية ومربعة تحت تاثير الاجهادات الاحادية
د تم ايجاد بان الازاحة لنماذج الاشكال الدائرية اكثر مقارنة مع نماذج الاشكال المربعة تحت لق

لكن بنفس الوقت فان التشكيل اللدن المكافى لنماذج الاشكال الدائرية . نفس تاثير مساحة التشكيل
كـزالتنحيف للصـفائح عنـد مر  . اكثر من التشكيل للنماذج المربعة عند نفس مكافى الانفعال
هذا سوف يودي الى تحسـين الاداء. التشكيل لنماذج الاشكال اقل من نماذج الاشكال المربعة

.لمنتجــــــــات الاشــــــــكال ذات الشــــــــكل الــــــــدائري

1- Introduction
Sheet hydroforming (SHF) is

considered as an important metal 
forming similar to that of tube 
hydroforming in which cups with 
different shapes are produced with a 
given die cavity using an internal 
pressure and axial compressive 
forces [1, 2].   
This forming process is well 
accepted for manufacturing of many  

Ferrous and nontcrrous metals and 
alloys [3]. The hydroforming process  
Consists of a combined loading of 
compression forces and an internal 
pressure applied by a fluid media in 
order to obtain different domes with  
Different cross sections [4j. Many 
studied have been made to 
understand and determine the 
interaction between dependent and 
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independent variables [5] to produce 
defect-free products as possible. In 
spite of there were many 
investigations regarding the 
hydroforming of tubes, there are 
dearth of information of 
hydroforming of copper cups [6.7]. 
There are well established that the 
successes of any hydroforming 
process heavily depended on the 
mechanical and physical properties 
of the sheet metal or alloy such as 
yield strength, tensile strength, 
hardness, ductility, strain hardening 
value, plastic anisotropy. Crystal 
structure and surface finish [8,9].  
In the present years, the sheet 
hydroforming or pneumatic forming 
processes are being increasingly 
progressive techniques for 
fabrication light and heavy structures 
with high aspect ratios. These 
structural parts were used 
extensively in automotive, household 
and aerospace industries [10].  The 
advantages of these processes 
compared with other forming 
technologies are cost effectiveness; 
saving materials, high strength 
products, weight reduction, good 
accuracy, high deformation, high 
hardness, reduce the force at the 
beginning of the stroke prediction 
tools, improve quality, reduce 
prototype cost and reduce the level 
of operation noise [11,12]. Sheet 
hydroforming processes have been 
investigated by various researchers 
[13, 14]. These techniques have been 
proven to be cITicient and 
economical to produce many 
products such as tubular sections 
[15], elbows [16], spherical vessels 
[17] and double-blank hydroforming
[18].

The forming operation in the dies 
requires two stages [19]. The first 
stage is free forming operation of the 
sheet bulged: in this stage the sheet 
deforms freely in the dies cavity 
until it contacts the dies surfaces. 
The free bulging leads to material to 
be .deformed uniformly with reduce 
the tearing produces highly from the 
localized deformation. The sheet 
leans against the dies walls and the 
flow of sheet is restricted due to the 
friction effect between sheet/dies 
surfaces. The second stage involves 
calibrating the sheet against the die 
cavitv to obtain the final desired 
shape. The amount of pressure 
needed in the sheet hydroforming 
processes are dependent on the sheet 
material properties, thickness of the 
sheet, part complexity, dies 
complexity, shape corner radius, dies 
sliape. Dies angle, roughness of the 
dies and dimensions of the part 
produced [20]. 

2- Materials and experimental
procedures
The cups hydroforming
experiments have been performed
on a high purity copper sheet
(99.99%) of 0.65 mm thickness
and the mechanical properties are
reported in-Table 1. The sheets
used in hydrofrming are in the
annealed conditions. All the
samples were taken from a single
lot of copper. Circular and square
sheets with diameter or width of
170 mm were cut using a lathe
machine; these were achieved by
using a wood model. Experiments
were carried out on a build up
laboratory hydroforming machine
which was developed for this
study. Fig. 1 shows the details of
the experimental setup used for
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studying hydroforming process.  
The apparatus was fitted with two 
ports; one for measuring the 
internal pressure applied and the 
second one for measuring the 
displacement.  The internal fluid 
pressures at the mean strain rates 
were applied manually by the 
handle of oil pump supplying the 
oil from the tank. The circular and 
square shapes of the dies and cups 
formed are shown in Figs. 2 and 3 
respectively. The thinning 
evaluation of the deformed sheets 
were determined by using a dial 
gauge with an accuracy of 0.01 
mm by measuring the variation of 
thickness. The measurements 
obtained for estimating the sheet 
thinning were along the die 
diagonals of the samples. 

3- Experimental and theoretical 
results 

In hydroforming studies it is very 
necessary first to determine the 
relationship between the 
displacement (h) and internal 
pressure applied (P) for both domes 
using the circular and square dies 
(Table 2). It can be seen clearly 
from Table 2 that the displacement 
of the circular blank is higher than 
the square one under all values of 
pressure applied. 
Calculation of the flow stress was 
carried out. based on the measured 
dome height 
(displacement), h and the bulging 
pressure, P according to references 
[21-23]. Values of P. td. d and h 
have been measured for each test to 
determine. Ten test have been made 
for each shape. where is the 
equivalent flow stress, R is the 
curvature radius at the pole, td is the 
actual thickness of the sheet at the 

pole, t is the bulging diameter and h 
is the instantaneous height at the 
dome apex. The strain equivalent 
and actual thickness can be 
determined by using the following 
equations [24]. 
All the hydroforming samples under 
all the parameters studies for both 
shapes characterize with wrinkling 
phenomena; typical example is 
shown in Fig. 3.  The phenomena of 
wrinkling are considered as a 
complex that is highly affected by all 
parameters of the copper sheet and 
processing variables. It can be 
concluded that the shape of the blank 
plays an important parameter. In the 
square blank, the amount of wrinkles 
is less compared with circular blank. 
This may be related to a high 
compress stresses formed in the 
flange zone of the circular blank; due 
to easily drawn of the copper sheet. 
The value of equivalent strain is 
highly dependent on the value of 
actual thickness of the pole. td; it is 
lower in the circular shape which 
means a higher equivalent strain 
(Table 3). This is resulted in a higher 
thinning of the circular shape as 
shown in Fig. 4. 

Results presented in Fig. 5 
between the equivalent stress and 
equivalent strain show that a given 
constant pressure, the equivalent 
strain and equivalent stress are 
higher for circular shape compared 
with the square shape. This is 
explained by returning to the 
equations 1 and 2. It shows from 
equation 1 that at a given constant 
pressure, the equivalent stress is a 
function of both R and t (t is constant 
for both shapes). This it means the 
equivalent stress is related directly to 
R value. Therefore, for the circular 
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shape, the dome high. H and d are 
higher. This is resulted in a higher 
value of R and consequently a higher 
value of equivalent stress. The 
maximum depth of domes for both 
shapes as a function of internal 
pressure is shown in Fig. 6. It 
appears they have a similar trend, but 
with different quantitatixe values of 
depth; they related directly to 
different values of equivalent stress.  

In both haydroforming shapes, the 
wall thickness is different in 
different areas, 'this phenomenon 
may be explained that during any 
hydroforming process the sheet will 
bent to take the performed shape. 
Bending the thin copper sheet used 
on the outside of the bend and 
thickness it on the inside. The 
magnitude of [he wall thinning 
variation is relatively increased with 
increasing the internal pressure.  
Detailed study should be carried out 
to reduce the wall thin inning 
variation. It should be noted from 
Pig. 4 that the wrinkling defects was 
found for both outer surface of 
forming shapes. The formation of 
wrinkling is related to local buckling 
due to instability.  This phenomenon 
was explained in detail previously by   
[25]. It was explained due to the 
axially loaded specimen deforms so 
that the new geometry, from a 
mathematical point of view, is in a 
stable state of equilibrium. By 
continuous increase of the force, the 
state of equilibrium is formally 
maintained, but at a certain time it 
becomes unstable. At this critical 
point, even the smallest disturbance 
such as non-centered point of 
application of force, inaccuracy due 
to manufacturing, etc will lead to 
instability. This holds for a buckling 

of a bar as we as for the wrinkling of 
sheet metals. It should be mentioned 
that the process of sheet hydro 
forming, different than the 
conventional forming, it involves 
supporting the bottom of the sheet 
with applying the internal 
pressurized fluid. This will lead to 
produce compressivc stress through 
the thickness of the sheet. This 
finally leads to delays the onest 
of'tensile instabilities; it leads to 
reduce frictional force and finally the 
wrinkling. 

Conclusions 
1- The thinning in the 

semisphcrical was less than the 
square at the same condition of 
hydroforming  drawing for high 
purity copper. 
2- The dome height in the 
semisphcrical was higher than the 
square specimens at the same areas 
of hydroforming drawing sue to low 
equivalents flow stress. 
3- The stresses in the hydroforming 
for semispherical is higher than the 
square specimens at the same strain. 
References  
[1] M. Koc, T. Altan, prediction of 

forming limits and parameters in 
the tube hydroforming process. J 
Mater. Process, Technol., 
42(2002)123-138. 

[2] E. Chu. Yn Xu. Ilydroforming of 
aluminum extrusion tubes for 
automotive applications, Part 1: 
buckling, wrinkling and bursting 
analyses of aluminum tubes, Int. J. 
ofMech. Sci.. 46(2004)263-283. 

[3] E. Chu. Y. Xu. H\drofonning of 
aluminum extrusion tubes for 
automotive applications. Part II: 
process window diagram. Int. J. of 
Mech. Sci., 46(2004)285-297. 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


Eng. & Tech. Journal, Vol.28, No.23, 2010                   Hydro Forming of High Purity Copper 
                                                                                               Sheet To Produce Different Shapes 

                                                                       
                    

        
 

 6638

[4] J.P. Abrantes. A. Szabo-Ponce, 
G.F. Batalha, Experimental and 
numerical simulation of tube 
hydroforming 9THF). J. of. Mater. 
Process. Technol.. 164-
165(2005)1140-1 147. 

[5] M. Koc. T. Altan. An overall 
review of the tube hydroforming 
(THF) technology, J. Mater. 
Process. Technol.. 108(2001)384-
393. 

[6] F. Dohinann. Ch. Hartl. Tube 
hydroforming-research and 
practical application, J. Maier. Pro. 
TecJinolo. .71(1997) 174 - 1 86. 

[7] K. Manabe, H.Nishimura. .1. 
Eng. Mater. Technol., 
100(1978)421-425. 

[8] L.H. Lang. 7.R. Wang. D.C. 
Kang. S..I. Yuan, STI. Zhang, J. 
Danckert.K.B. Nielsen, 
hydroforming highlights: sheet 
hydroforming and tube 
hydroforming, Journal of Mater. 
Process. Technol.. 151(2004)165- 
177. 

[9] H. Y. Li. X.S. Wang, S.J. Yuan. 
Q.B. Miao, Z.R. Wang, Typical 
stress states of tubehydroforming 
and their distribution on the yield 
ellipse, .Journal of Mater. Process. 

Technol.. 151(2004)345 349. 
[10] A. C'herout. M. Ayadi. N. 

Me/.ghani. F. Slimani. 
Experimental and finite 
elementmodeling of thin sheet 
hydroforming processes. Int. J. 
Mater. Forming, I(2008)313-3 16. 

[11] A. Asnali, A. Skogsardh. 
Theoretical and experimental 
analysis of strokc-contolled lube 
hulrofonniiiL'. Miller. Sci. and 
Eng., 46(2000)95-110. 

[12| S. Nakamura. H. Sigiura, H. 
Onoe. K. Ikemoto, hydrolorming 
drawing of automotive parts, J. 

Mater. Process. Technoil.. 
46(1994)491-503. 

[13]  M.A. Karkoub. predication of 
hydroforming  characteristics  
using random neural  networks. J. 
Intell. Manuf., 17(2006)321-330  

[14] K. Chung, O. Richmond, ideal 
forming Part II: Sheet forming 
with most uniform deformation, 
Division report 52-89-01. AlCOA, 
Pittsburgh, PA, USA, 1989. 

[15] M. Koc, T. Altan, Predication of 
forming limits and parameters in 
the tube hydroforming process. Int. 
J. of Mach. Tools and Manuf. 
42(2002)123-128. 

 [16] S.J. Yuan. Z. Xu. Z.R. Wang. 
W. Hai. The integrally hydro form 
ing process of pipe elbows. Int. J. 
of Press. Vessels and Piping. 
75(1998)7-12. 

 [17] R. Kimlicka. Examining hydro 
forming as an alternative to 
conventional deep drawing. 
Stamping Quarterly. 3(1991)14-
19. 

[18] www.stampingiournal.com. 
Processes for hydro form ing. 
February, 2006. 

[19] B. Plathteana. C. Chirita. M. 
Frunza, C. Jipa, Research for 
innovative and flexible system for 
high performance plastic 
deformation through hydroforming 
with high pressure. The 
International Conference on 
Hydroforming iVIachinery and 
Equipments. Timisoara. Romina. 
16-17 October. 23008. 

[20] F. Vollertsen, State of the art 
and perspectives of hydroforming 
of tubes and sheets, J. Mater. Sci. 
Technolo.. 17(2001)321, 

[21] A. Diehl. P. Stuad, U. Engle, 
Investigation of the mechanical 
behavior of thin metal sheets using 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.stampingiournal.com
http://www.pdffactory.com
http://www.pdffactory.com


Eng. & Tech. Journal, Vol.28, No.23, 2010                   Hydro Forming of High Purity Copper 
                                                                                               Sheet To Produce Different Shapes 

                                                                       
                    

        
 

 6639

the hydraulic bulge test. Multi-
Material Micomanufacture, 
Whittles Publishing Ltd.. Cardiff 
L'niversity. UK. 2008. 

[22] K. Mummer, Hydroforming for 
advanced manufacturing, 
Woodhead Publishing Ltd.. 
Cambridge UK. 2008. 

[23] G. Gutscher, H.C. Wu, G. 
Ngaile, T. Altan, Determination of 
flow stress for sheet metal forming 
using the viscous pressure bulge 
(VPB) test." J. of Mater. Process. 
Technol., 146(2004)1-7. 

 

[24] E. Billur, S. Mahabunphachai. 
M. Koc, Formability of austenitic 
stainless steels under warm 
hydroforming conditions, Trans. 
OfNAMRI/SME, 37(2009)341-
348. 

[25] J. Lundqvist. Numerical 
simulation of tube hydroforming. 
Adaptive loading paths, Licentiate 
thesis. Department of Civil and 
Environmental Engineering, 
Division of Structural  Mechanics. 
2004. Lulea University of 
Technology, Sweeden 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


Eng. & Tech. Journal, Vol.28, No.23, 2010                   Hydro Forming of High Purity Copper 
                                                                                               Sheet To Produce Different Shapes 

                                                                       
                    

        
 

 6640

Table 1 Mechanical properties of high purity 
copper studied 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 The relationship between the displacement 
and internal pressure 

 
 
 
 
 
 
 
 
 

Table 3 the relationship between the equivalent 
strain and equivalent stress 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Displacement, h, 
mm 

Internal 
pressure, bar , 
Circular sheet 

Internal 
pressure, bar , 
square sheet 

0 0 0 
2 4.3 2.8 
5 7 5 

7.5 9 7 
10 11.5 9.4 
12 14 11.5 
15 16.5 12.9 

17.5 18.1 14 
20 19 15 

22.5 20 16 
25 21 17 

Hardness 40 HV 
Yield strength 70 MPa 
Tensile strength 200 MPa 
Young's Modulus 1 l 5 GPa 

Equivalen
t strain 

Equivalent 
stress, 

Circular 
specimen 

Equivalent 
stress, 
square 

specimen 
0 0 0 

0.025 55 43 
0.05 60 50 
0.075 69 58 
0.08 75 57 
0.125 80 63 
0.17 90 75 
0.22 110 80 
0.28 120 90 
0.33 130 100 
0.38 150 110 
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Figure 2 (a) Square & (b) circular dies in the 
hydroforming drawing process.   

Figure 3 (a) Square & (b) circular specimens  
under biaxial stress testing in the hydroforming drawing process   
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